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 pwmp damage during operation, and improving volumetric
efficiency are described.

BACKGROUND

{6602]  Positive displacement pumps are often emploved at oilfields for large high
pressure epplications involved in  hydrocarbon recovery efforts. A positive
displacement pump may include & plunger driven by a crankshaft toward and away
from a chamber in order 10 dramatically effect a high or low pressure on the chamber.
This makes it & good choice for high pressure applications, Indeed, where fiuid
pressure exceeding a few thousand pounds per square inch (PST) is 1o be generated, 2
positive displacement pump is generally employed.

[8003]  Positive displacement pumps may be configured of fairly large sizes and
employed in & 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 10
15.000 PST or more to direct & solids containing fluid through & well to release oil and
gas from rock pores for exmaction. Such pressures and large scale applications are
readily satisfied by positive displacement pumps.

[6004]  As noted, a positive displacement pump includes a plunger driven toward

and away from a pressurizable chamber in order w0 achieve pumping of a solids



containing flmid. More particularly. as the plunger is driven away from the chamber,
pressure therein reduces allowing a discharge wvalve of the chamber 1o close. The
chamber is thus sealed off from the external environment while the plunger remains in
communication with the chamber. As such, the plunger continues its retreat away from
the chamber generating 2 lowered pressure with respect 1o suction therein. Eventually,
this Jowered pressure will reach a level sufficient to open a suction valve of the pump in
order to allow an influx of fluid into the chamber. Subsequently, the plunger may be
driven toward the chamber 1o once again effect a high pressure therein. Thus, the
suction valve may be closed. the discharge valve re-opened, and fluid expelied from the
chamber as indicated above.

{0005]  The acmation of the suction and discharge valves is achisved primarily
through reliance on pressure conditions generated within the chamber. That is, the
amount of pressure reguired 10 open or close each valve is a function of the physical
characteristics of the valve along with & spring emploved 1c hold the valve in a
naturally closed position relative to the chamber, Unfortunately, this results in a lack of
direct contro! over valve actuation and leaves an inherent inefficiency in operation of
the valves. For example, opening of a vaive requires generation of enough of a
pressure change SO as 1o overcome the weight of the valve and pature of its spring.
This ¢ of particular note regarding the suction valve where, rather than opening
immediately upon closure of the discharge valve, a lowered pressure sufficient to
overcome the weight and nature of the suctiop valve and its spring must first be
generated within the chamber (1.2, net positive sucton head (NPSH)). This time delay
in opening of the suction valve is an inheremt inefficiency in operation of the pump.

Indeed, for a standard positive displacement pump employed at an oilfield. e 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.

[0806] Reliance solely upon imternal chamber pressure to actuate valves results in
an inherent nefficiency and 2 lack of direct control as indicated above. Of potepnially
greater concern however, iS the fact that this manner of vaive actuation often leaves the
pump fself susceptible w significant damage as @ result of cavitation and ‘water
hammering’. That 1S, 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.

{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 vepor 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
followed by rapid compression of the vapor back into liquid as the plunger once again
advances toward the chamber. This rapid compression of the liquid is accompanied by
a significant amount of heat and mav also result in tansmitting & degree of shock
through the pump, referred to as water hammering. All i all & significant amount of
pump damage may natwally occur based on the pressure actuated design of a
conventional positive displacement pump.

[6008] In order to address pump damage resulung from cavitation and water
bammering, echniques are ofien employed in which acoustic data generated by the
pump is analyzed during its operation. However, reliance on the detection of acoustic
data in order 10 address pump damage fails 10 subsiantially avoid the development of
pump damage from cavitation and water hammering in the first place. Furthermore, it

is not uncommon for the damaged purnp to be emploved i conjunction with an array



of additional pumps at an oilfield. Thus, the damage may see its effects at neighboring
pumps, for example, by placing added swain on these pumps or by tanstation of the
damaging water hammering effects to these pumps. Indeed, cascading pump failure,
from pump to pump 10 pump, is DOt an uncommaon event where & significant amount of
cavitation and/or water hammering is found.

SUMMARY

[6009] A positive displacement pump is provided with a housing for 2 pressurizable
chamber. The chamber may be defined in part by & valve thereof which may be
employed for controliing fiuid access to the chamber. The positive displacement pump
may also include & valve actnation guide that is positioned at least partially extermnal 1o
the chamber and coupled to the valve 8o as to assist the conwoliing of the fluid access

to the chamber.

[{6609a] in view of the above, according to a first aspect of the present application, there is provided a
positive displacement pump comprising: a housing for a pressurizable chamber; a plunger configured to
reciprocate inside the pressurizable chamber; a valve of said housing for controliing fluid communication
with the pressurizable chamber; 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 (i) a timing belt, and (ii) a
sensor to monitor said position of said plunger and a processor to analyze data from said sensor.

[0009b] According to a second aspect of the present application, there is provided a positive
displacement 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; 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.



[0605¢c] According to a third aspect pf the present application, there is provided a valve actuation
guide assembly for positioning adjacent a housing for a pressurizable chamber of a positive displacement

pump, the vaive actuation guide assembly comprising an actuation guide conmecied 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 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.
BRIEF DESCRIPTION OF THE DRAWINGS

[60107  Fig. 1 is a side view of an embodimnem of a positive displacement pump
employing a valve actuation guide assembly,

{0611} Fig. 2 is a cross-sectional view of the pump of Fig. ! revealing ar
embodiment of a valve actuation guide of the agsembiy.

{8012} Fig, 3 is a cross-sectional view of the pump of Fig. | revealing an alternate
embodiment of 2 valve actuation guide of the assembly,

[0013]  Fig 4 is & cross-sectonal view of the pump of Fig. 1 revesling another
alternate embodiment of a valve acwation guide of the assembly.

8014} Fig 5 is a partally sectional overview of an oilfield emploving the pump of

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

[6615) Embodiments are described with reference to certain high pressute positive
displacement pump assemblies for fracturing operatons. However, other posttive
displacement pumps may be employed for a variety of other operations including
cementing. Regardless, embodiments described herein employ positive displacement
pumnps with valves that are equipped with external actuation assistance. As such. valve
actuation is not left solely to the buildup of caviation-inducing conditions within a
¢hamber of the pump which would have the potential 1o create significant pump
damage through water hammering,

[6616]  Referring now 10 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 & cranksbaft housing 150 coupled to & plunger
housing 180 which is in turn coupled to a chamber housing 175, In the embodiment
shown, the pump components may be accommodated at a conventional skid 130 1o
enhance mobility, for example, for placement at an oilfield 501 (see Fig. 5). However,
in other embodiments & pump fruck or aliematively less mobile pump configurations
may be emploved. Additionally, the pump 101 may be of a conventional wiplex
configuration as depicted. However, other positive displacement pump configurations
may also be employed.

{6017}  Conunuing with reference to Figs. 1 and 2, the chamber housing 175 of the
purap 10! may be configured with valves (250, 235) to draw in, pressurize, and
dispense an operation fluid. However, as indicated, the valve actuation guide assembly
100 may also be provided which is coupled 10 the chamber housing 175, The guide
assembly 100 may be configured to assist valves (e.g. 250) in conwoliing or regulating

fluid ngress and egress relarive 10 the chamber housing 175, As detailed herein-below,
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this valve agsistance provided by the guide assembly 100 may minimize pump damage
during operation and enhance overall efficiency of the pump 101

{0018 /ith particutar reference to Fig. 2, a valve actuation guide 200 of the guide
assembly 100 may be configured to assist in actuation of & valve 255 of the chamber
housing 175. In the embodiment shown, the valve acmation guide 200 is mechanically
coupled to the suction valve 255 of the chamber housing 173. However. in other
embodiments, & valve acmuation guide may sirnilarly be coupled to the discharge vaive
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. electromagnetic, or other
valve actuation assistance may be employed.

10619]  Continuing with reference to Figs. 1 and 2, the pump 101 is provided with 2
plunger 290 reciprocating within a plunger housing 180 toward and away from a
pressurizabie chamber 235 In this manner, the plunger 290 effects high and low
pressures on the chamber 233, 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 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 pressurs
therein will continue to drop, and evenmally a lowered pressure may begin to arise
within the chamber 235,

[0020] In spite of the potemtial development of lowered pressure within the
chamber 233 as indicated above, significant cavitation may be avoided, That is, valve
actuation assistance may be provided to the suction valve 255 to effect its opening as
depicted in Fig. 2. As shown, the valve acmation guide 200 may be emploved 10

ensure that the suction valve 255 is raised in order 10 allow a communication path 201
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between & supply 245 of operation fluid and the chamber 235. As such, the upiake of
operation fluid may be achieved without sole reliance on lowered pressure overcoming
a suction spring 275, Thus, significani vaporizaton of operation fluid within the
charber 233 may be avoided

[6621] Avoidance of significant vaporization of operation fluid in this manner may
substaptiaily minimize the amount of pump damage that may otherwise resalt as the
plunger 290 re-pressurizes and condenses the operaton 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 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,

f00622] In an embodiment where the pump 101 is 1o be emploved in a fracturing
operation, pressures may be achieved in the manner described above that exceed 2.000
PSIL, and more preferably, that exceed 10.000 PSI or more. Furthermore, such z
positive displacement pump 10! 1 particularly well suited for high pressure
applications of abrasive containing operation fluids. In fact, embodiments described
herein may be applied to cementing. coil wmbing, water jei cufting, and hvdraulic
fracturing operations as indicated, 10 name a few,

{6023]  As indicated, the wvalve actuation guide 200 is configured to assist in
actuation of the suction valve 255 as 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 is of a
crank-driven configuration. As such, an arm 205 is provided extending from the

suction valve 255 away from the chamber 233 and te the guide assembly 100. 1n the
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embodiment shown, the arm 205 1s coupled to a rotable crankshaft 207 through a pin
209. The crankshaft 207 is rotable about a central axis 210. Thus, as the crankshafi
207 rotates, it serves to raise and lower the arm 205. In this manner, actuation of the
suction vaive 235 is achieved based on the rotation of the crankshaft 207 as opposed w
sole reliance on lowered pressure within the chamber 233 as indicated above.

[8624) As indicated above, the proper tming for actuation of the suction valve 253
is dependent upon the position of the plunger 290, relative 10 the chamber 235, Thus,
as described below, a mechanism for synchronizing the timing of the valve acwmation
guide 200 and its crankshaft 207 with the plunger 290 may be provided. Additionally,
in the embodiment shown, the arm 203 is reciprocated in a reciilinear manner 80 8s ©
maintain isolation berween the guide assembly 100 and the operation fluid supply 243.
This may be achieved through the employment of a crankshaft 207 of & conventional
rectilinear effectuating cragk 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 communication thers-between mav be allowed.

f60625]  As indicated above, and with added referepce 10 Fig. 1, a mechanism for
synchronizing the timing of the valve actuaton guide 200 and the plunger 290 may be
provided. As depicted in Fig. L. the positive displacement pump 101 includes & timing
mechanism in the form of 2 timing belt 125 running berween the crankshafi housing
150 and the valve actuation guide assembly 100. More particularly, the tming belt 125
is posifioned between a crank gear 155 at the crankshaft housing 150 and an assembly
gear 110 at the guide assermnbly 100. The crank gear 155 may be coupled 1o 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 assembiy 100.

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



indicated, while also driving the valve acruavon guide 200. Therefore. with
appropriately sized intervening gears 155, 110 and other equipment parts, precise
synchronized tming of the valve actuation guide 200 in line with the reciprocating
plunger 290 may be achieved. Additionally. in other embodimenss, the valve acruation
guide 200 may be mechanically linked to the power output of the pump 101 through
alternate means. Regardless, the volumerric efficiency of the pump operation may be
enhanced in additon to the substantial elimination of cavitation and pump damage as
described above with such a degree of synchronization emploved.

[0626]  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 2355 and the
rowbie crankshaft 207, However, in one embodiment the arm 203 may be contractible,
similar to & conventional shock absorber. In this manner, the suction vaive 255 may
contunue to be pressure actuated based on pressure within the chamber 235 in the evemt
that the rotable crankshaft 207 ceases rowtion or otherwise fails to properly operate.
For exarmnple, with a contractible arm 205, the suction vaive 235 may avoid being stuck
in an open position as depicted in Fig 2 should the valve acmation guide 200
malfunction or cease 1o operate,

[oex7] The valve actuation guide 200 deseribed 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 z 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 actaation guide 200 may include a
rotable cam in place of the roiable crankshaft 207. Thus, the arm 2035 may be forced
upward by the cam during 1S rowmtion i order to open the valve 235, However,

retuming closed of the valve 255 may be left 10 pressure buildup within the chamber



235. Thus, significamt cavitation may be avoided as the suction valve 255 is opened
without sole reliance on lowered pressure within the chamber 235. As such, employing
a return of higher pressure within the chamber to close the suction valve 235 is less
likely to resnlt in any significant water hammering.

[6028]  Similariy, the embodiments depicted reveal the guide assembly 100 and
actuation guide 200 adjacent only to the suction valve 235, That is, acwation of the
discharge vaive 250 is left to pressure conditions within the chamber 235, This may
allow for ease of design similar 10 cam acmation noted above and may be a practical
option in light of the fact that significant cavitation is unlikely correlated 1o any
discharge valve 250 position. However, in one embodiment external assistance is
provided 1o the discharge valve 250 in addnion 10 the suction vaive 255. That is, an
additiopal acwation guide similar to the embodiments described above may be
positioned adjacent the discharge valve 250 and coupled fhereto in order 1o further
enhance pump efficiency. This may take place by reducing the amount of ume that
might otherwise be required to open or close the discharge valve 250 based solely on
the pressure within the chamber 235,

[0029]  Referring now to Fig. 2. an alternate embodiment of an actuation guide 300
is depicted within the guide assembly 100. Namety, a hydraulic actuation guide 300
may be emploved in order to provide external assistance to 2 valve such as the depicted
suction valve 255, In the embodiment shown, an arm 305 once again exiends from the
suction valve 255 10 the external guide assembly 100 where it terminates at a plate 307
within & hyvdraulic chamber 309. As described below, hydraulic fiuid within the
chamber 309 may act upon the plate 307 in order to effect reciprocation of the arm 303,
In this mannet, the suction valve 235 may be assisted in either opening to the position

shown in Fig. 3 orin closing,
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[6636]  Continuing with reference to Fig. 3, the actuation guide 300 includes the
noted hydraulic chamber 309 which may be divided im0 & pump-side interior
compartment 330 and an exterior compartment 340 at either side of the plate 307.
Thus, an increase in pressure at the interior compartment may be employed 10 drive the
arm 303 away from the adjacent pump equipment. In the case of the suction valve 253
coupled 1o the arm 303, this pressure increase results in 2 closing of the valve 235 and
the communication path 201 between the fluid supply 245 and the pump chamber 235,
Alernatively, & pressure increase within the exterior compariment 340 may act upon
the opposite 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 embodiment where a hydraualic
actuation guide 300 is also coupled to the discharge valve 250, an increase in pressure
at its pump side interior compattment would act to open the valve 250, Alternatively,
an increase in pressure at the opposite exwerior compartment would act to close the
valve 250. This manner of actuation wouid be due to the unique orientation of the
discharge valve 250 relative to the purnp chamber 233,

[6031}]  Returning to the embodiment depicted in Fig. 3, the interior comparunent
330 is served by an interior hydraulic line 310 whereas the exterior compariment is
served by an extenor hydraulic line 320, Thus, in one embodiment a double actng
hydraulic conwol mechaniste may be disposed between the lines 310, 320 to drive
hvdraulic fluid berween the lines 310, 320 in order 10 regulate pressure within the
comparments 330, 340 as described.  Altermatively, synchronized independently
actuated double acting pneumatic actuators may be coupled 10 each line 310, 320 in

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

the arm 305.
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16032] ' Similar o the crank-driven configuration of Fig. 2, the hydraulic valve
actuation guide 300 of Fig. 3 provides valve actuation assistance to the suction valve in
a manner substantially reducing cavitation or boiling of operation fiuid 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 235 in a synchronized
manner, volumetric efficiency of the pump is aiso enhanced. Furthermore, additional
volumetric efficiency may be achieved in an embodiment where a hvdraulic actuation
euide 300 is also coupled 10 the discharge valve 250 as described above.

[8633]  As 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 of the actuation guide 300. Additionally, the hydraulic actuation
guide 300 may be employed for assistance in valve actuation in 2 single direction (e.g.
opening of the suction valve 255 similar to the cam actuated embodiment described
above}.

[06634]  Continuing now with reference o Fig 4. another alternate embodiment of
an actuation guide 450 is depicted within the guide assembly 100, In this case. the
actuation guide is an electromagnetic power source that is wired through leads 421, 441
to an electromagnetic inducior 420. Thus, in the embodiment shown, the suction valve
255 may be of 2 conventional magneric or other magneto-responsive material such that
valve actuation may be direciionally assisted based on the polarity of the inductors 420.
That i3, the inductor 420 may be of reversible polarify such that the valve 233 will
either be assisted in opening or closing depending on the magnitude and polarity of the
current through the inductor 420.

[6035] In the embodiment of Fig. 4, the actuation guide 450 remains entirelv free of

physical 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 fiuid supply 245, However, in another embodiment, an arm similar 1o that
of Figs, 2 and 3 may be coupled 1o 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 233 iself,
may be made up of magnetc or magneto-responsive matenial and acted upon by the
inductive mechanism to assist valve actuation similar to the mechanical and hydraulic
embodiments depicted in Figs. 2 and 3.

[0036]  As with prior embodiments detailed above, the elecuromagnetic driven
configuration of Fig. 4 provides valve actuation assistance to the suction valve in a
manner substantially reducing cavitation. Additionally, where the acmuation guide 450
induces a synchronized reverse of polarity to assist in both opening and closing of the
suction valve 255, volumetric efficiency of the pump is also enhanced. Furthermore,
additional volumetric efficiency may be achieved in an embodiment where an
electromagnetic acwuation guide 450 1s also coupled 10 the discharge valve,

{6037 With particular reference to Figs. 3 and 4. bhvdraulic and electromagnetic
valve actuation assistance may be parucuiarly well suited for non-mechanical
synchronization with the power curput of the pump. That is, rather than physically
employing a timing belt 125 fo link power output and the guide assembly 100, the
position of the plunger 290 or other pump parts may be monitored via conventional
sensors and technigues. This information may then be fed 10 2 processor where it may
be analyzed and empioyed in actuating the hydraulic 300 or electromagnetic 430
actuation guides emploved. Indeed. with such techniques available, acruation
assistance may be mned in real-time 10 ensure adequate avoidance of cavitanion and

maximization of volumetric pump efficiency,
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{6038) Conunuing with reference to the embodiments of Figs. 3 and 4. non-
inrusive actuation assistance in the form of hydraulic 300 or elecrromagnedc 456
actuation guides provides additional advantages. For example, there is a reduction in
the total number of mechanical moving parts which must be maintained. lndeed. in the
case of electromagnetic actuaton, in particular, the option of eliminaring an arm
coupled 1o the valve 255 alleviates concern over the potential need 10 maintain & sealed
off fluid supply 245,

{0039]  Refernng now to Fig. 5. & partially sectional view of an oilfield 50! 1
depicted whereat pumps 101 such as that of Fig. [ are emploved as part of & multd-
pump operation. Each pump 101 is equipped with a crankshaft housing 150 adjacent 2
chamber housing 175 and positioned atop a skid 130. However, in order to reduce
cavitation and pump damage, the pumps 10] are also each equipped with an externally
positioned guide assembly 100 w assist in valve actuation within the chamber housing
175 as detailed in embodiments above, Overall pump efficiency may also be eghanced
for each of the pumps 101 in this manner. Thus, madequate operation of any given
pump 101 is unlikely to occur or piace added strain on neighboring pumps 101,

[6040]  In the particular depiction of Fig. 3, the pumps are acting in concert to
deliver a fracturing fiuid 510 through a well 5325 for downhole fracturing of a formation
5135, In this manner, hydrocarbon recovery from the formation 515 may be stmulated.
Mixing equipment 590 may be employed to supply the fracturing fiuid 510 through a
manifold 575 where pressurization by the pumps 101 may then be employed to advance
the fluid 510 through a well head 550 and inio the well 525 at pressures that may
exceed about 20,000 PSL. Nevertheless. due to cavimation avoidance as & result of the
employed guide assemblies 100, pump damage due to water hammering may be kept at

a minimum,



[60641] Embodiments described hereinabove address cavitation, pump damage and
even pump efficiency in a manner that does not rely solely upon internal pump pressure
for valve actuation. As a result, delay in opening of the suction valve in particular may
be avoided so as to substantially eliminate cavitation and subsequent water hammering,
Indeed, as opposed to mere monitoring of pump conditions, embodiments described
herein may be employed to actively avoid pump damags from water hammering,

[8042) 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 deparring
from the principle, and scope of these embodiments. For exampie, valve actuation
assistance may be achieved through the wse 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. Additonally, volumeric efficiencies enbanced by valve
actuation assistance as described herein may be even further enbanced by ensuring that
valve opening is maximized during pumping, Furthermore, the foregoing description
should not be read as perteining only to the precise structures described and shown in
the accompanying drawings, but rather should be read as consistent with and as support

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



CLAIMS:

1. A positive displacement pump comprising:

a housing for a pressurizable chamber;

a plunger configured to reciprocate inside the pressurizable chamber;

a valve of said housing for controlling fluid communication with the pressurizable
chamber;

a valve actuation guide external to the pressurizable chamber connected to said valve by a
coupling {o 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 (o 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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The positive displaceiment puinp of claiim 3 wherein ihe at least one electromagnetic

inductor is accommodated at a valve seat for contacting said valve.

6. The positive displacement pump of claim 1 further comprising a mechanical arm

disposed between said valve and said valve 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 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 pressure of the pressurizable

compartment when the mechanical arm is driven by the valve actuation guide.

10.  The positive displacement pump of claim 8 wherein said valve actuation guide is

configured to drive said mechanical arm by the electromagnetic mechanism, said valve actuation

17



guide is an electromagnetic power source and the electromagnetic mechanism includes at least

one eleciromagnetic nducior,

i 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 wherein the at least one electromagnetic

inductor is of reversible polarity.

13. The positive displacement pump of claim 1 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 claim 1 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 claim | wherein said valve is a {irst 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
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a second valve actuation guide coupled to said second valve to assist opening or closing

ihe second vaive o control fluid communication with the pressurizabie chamber.

16. The positive displacement pump of claim 1 wherein the valve is configured to move in a

direction that is substantially perpendicular to a reciprocating movement of the plunger.

17. A positive displacement 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;

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.

18.  The positive displacement pump assembly of claim 17 wherein the coupling is one of a

mechanical coupling and an electromagnetic coupling.
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19.  The positive displacement pump assembly of claim 17 wherein the operation is one of

o PR E. SO RPN N Jungey
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20. 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 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 (i) a sensor to monitor

said position of said plunger and a processor to analyze data from said sensor.

21. The valve actuation guide assembly of claim 20 wherein the coupling is one of

electromagnetic and mechanical.

22. The valve actuation guide assembly of claim 20 wherein the valve is configured to move

in a direction that is substantially perpendicular to a reciprocating movement of the plunger.
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