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pressure applications involved in hydrocarbon 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 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.

[0003] Positive 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 PSI 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
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direct control over valve actuation and leaves an inherent inefficiency in operation of
the valves. For example, opening of a valve requires generation 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 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 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 positive displacement pump employed at an oilfield, a pressure
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advances toward the chamber. This rapid compression of the liquid 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, a significant amount of
pump damage may naturally occur based on the pressure actuated design of a
conventional positive displacement pump.

[0008] In order to address pump damage resulting from cavitation and water
hammering, techniques are often employed in which acoustic data generated by the
pump is analyzed during its operation. However, reliance on the detection of acoustic
data in 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



hamreri ng, techni ques are often enployed in which
acoustic data generated by the punp is anal yzed during
WO esopseat i on. However, reliance on the det eckCDIB2068/051707

acoustic data in order to address punp damage fails to
substantially avoid the devel opnment of punp damage
fromcavitation and water hamering in the first

pl ace. Furthernore, it is not uncommon for the danaged
punp to be enployed in conjunction with an arrayof

addpt ddandhal PUABS attln AfclAl Thi€hid datRbSmay AR idafege atrm»ghbormg
see its effects at nelghbor|ng punps, for exanple,

pl agﬁm afdeshnSit I} flaQfc LNRAPHMRASHAE pihpt LABY ltﬁﬁslléﬁﬁn of the

he damagi ng water hanmering effects to these

p UNPsnactfdAGREh ho ARG A ActP Wihel@hlns e ndd:Q r@a@éémgtp%mp failure,
punp to punp, is not _an unconmon event wher

si gpifi e
SR B S Gt o

dls&lﬂ&?ﬁ%gﬁbp& 23ﬂﬁﬁﬁﬁgg§ﬁmynth a housing for a

pressur anber may be defined in

par ngalve t hereof which may be enpl oyed for

cpn fluid access to the chanber The p05|t|ve
al so nc

d

g Iu|s gige@h at ] Pogﬁgp?lﬂf mgntaptqu %growrsigﬁl Wﬁ%ﬁ?‘ usm)gtufar ) %rlessurlzable

to th h d t.h

aé’sffga%b%’ﬁfé‘*@%%@% I B BT G et edge i avhich may be
| EF | PTI ON OF, THE I 0 )

" Shdoigdd Giarag ﬂ aémaw. B TGEo Wp T S blaccimit pump

di spl acenmen i ng.a valve actuation gui

assBRHPANO HFB@ii]errF @Cm%lqns%uyeé%éssp%@tl?doﬂé?asw qlasfextemal o
the punp of Fig. 1 revealing an enbodi nent of a valve

act tharchypbey ama@%%edtt% élleaV§§f@ﬁB|a§/ to 18@@1@? Cmt@ﬂmg qf gheyfluid access

cross-sectional view of the punp of Fig. 1 revealing

an #®ltheshamper.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a side view of an embodiment of a positive displacement pump
employing a valve actuation guide assembly.

[0011] Fig. 2 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. | 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 part of a multi-pump operation.



enbodi nent of a val ve actuation guide of the assenbly.
[0013] Fig. 4 is a cross-sectional view of the punp of
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val ve actuation guide of the assenbly. [0014] Fig. 5
is a partially sectional overview of an oilfield
enpl oying the punp of Fig. 1 as part of a nulti-punp
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shown, the pump components may be accommodated at a conventional skid 130 to
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 employed.

[0017] Continuing with reference to Figs. 1 and 2, the chamber housing 175 of the
pump 101 may be configured with valves (250, 255) 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 to the chamber housing 175. The guide
assembly 100 may be configured to assist valves (e.g. 250) in controlling or regulating

fluid ingress and egress relative to the chamber housing 175. As detailed herein-below,
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the pressure within the chanber
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 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 drop, and eventually a lowered pressure may begin to arise
within the chamber 235.
[0020] In spite of the potential development of lowered pressure within the
chamber 235 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 actuation guide 200 may be employed to

ensure that the suction valve 255 is raised in order to allow a communication path 201
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operation, pressures may be achieved in the manner described above that exceed 2,000
PSI, and more preferably, that exceed 10,000 PSI or more. Furthermore, such a
positive displacement pump 101 is particularly well suited for high pressure
applications of abrasive containing operation fluids. In fact, embodiments described
herein may be applied to cementing, coil tubing, water jet cutting, and hydraulic
fracturing operations as indicated, to name a few.

[0023] As indicated, the valve actuation guide 200 is configured to assist in
actuation of the suction valve 255 as detailed above. However, 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 actuation 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 235 and to the guide assembly 100. In the
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tolerable degree of communication there-between may be allowed.

[0025] As indicated above, and with added reference to Fig. 1, a mechanism for
synchronizing the timing of the valve actuation guide 200 and the plunger 290 may be
provided. As depicted in Fig. 1, the positive displacement pump 101 includes a timing
mechanism in the form of a timing belt 125 running between the crankshaft housing
150 and the valve actuation guide assembly 100. More particularly, the timing belt 125
is positioned between a crank gear 155 at the crankshaft housing 150 and an 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 coupled to the crankshaft 207 of the guide assembly 100.

Thus, rotation of the crankshaft of the crankshaft housing 150 drives the plunger 290 as
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i N fdRated, whil® PARSidkvME B SPIIRC aBRAtonPYHRe 18D, | NTHHISS, with
a timng ‘mechanismin the formof a timng belt 125

r ungipRgpria@iyveied {hevaian %&ﬂs’ﬂfl 55, N01eS 10 oS0 e AASIndnld §arts, precise

val ve actuation gui de asSenbly 100. Mre particularly,

t hesfnbﬁ?oﬁged)ﬁllnhg%hé SaROILLARAE 1&6‘@0@@1”111@: &ftl"f‘@lli% BEPfocating
at the crankshaft housing 1 and an assenbly gear

110%1% F 80 Q4 Qﬁa&%@aTbAgd@&ﬁn Theder ag%gﬁags hﬁ%f@xcmaﬁon

be ed to the cranks the cr ousi ng
150
assaltl) S B8 VG R AGH 620 v AR B e plpf 19p prove

of g uj a %» ti @ éy -
cr a%l %hagef finga . ﬁ:gﬂ?fféésh 1* l[jrgc’u%fliig %&ifﬁqleﬁ unB 8Qeﬁat10n may be
glct'lgrﬂ]tancg 1n aﬁ?ds t10n dtb% ta}ll\\?al ef"mmafS ?Iho %clﬁlrtag[%)rn a? é)Pmp d%mage as
si zed interveni. ars 15 #? and ot h qui prrent
par $5¢ ﬂbpe#@@?vse wERT e e | THIN ve
act U|de 200. I ne w he reciprocatin :
o1 HE S 0BTy ek R, At b1 Gnaiy20o, o 1ot Rdpe sctuston
enbodlnents t he val ve actuation guide %go may be
mecBAt ¢ Bylepicisd gy argone %ﬂcp ge g‘iﬂ”ﬁ‘i& g8 3l S and the
101 through alternate neans. ardl ess, the
vol [ Grenkshadt 207 o floyrepsr. intpae 51@ il i 3B Oy g contractible,
enhanced in addition to the substantial elimnation of
caviitdes Ort edcpiony sHeskaipsorhy. dadhis |nE?@Heraﬁ’6\ﬁéthnt‘i‘%lVe 255 may
such a degree of synchroni zati on enpl oyed. 0026;
ConednHngeng briprdisure pevasadchasqdoonmrgpsure withipethe ehanghgs.2 3 in the event
the val ve actuation guide 200 is depicted as a
monikg thhiretablp gkealghafi0sesscs rsatiog cr jotherwiad Yesls 26 progadly operate.
t he
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 255 in both an open direction, as depicted in Fig. 2, as well
as in a 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 rotable 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



rot abl e crankshaft 207. However, in one enbodi nent the
arm 205 may be contractible, simlar to a conventiona
WG @3Bl or ber. I n this manner, the suction VRCT/BB2EH51707

may continue to be pressure actuated based on pressure

wi thin the chanber 235 in the event that the rotable
crankshaft 207 ceases rotation or otherwise fails to
properly operate. For exanple, with a contractible arm
205, the suction valve 255 may avoid being stuck in an

opemPOBindsi Qpnifcant ERitah@Imhy bEbebided &NRULE LN QaIV@DYLis opened
actuation gU|de 200 mal function or cease to operate.

[ 00%#houl B8l ¥eihY@ RAEWatd @@ssgw Wit @@ cAERsE bPeda ahel @mploying

i ncludes a crankshaft 207 for actuating the suction

Val é/ Cet@RDf 'hﬁghkélof)ﬁss‘ﬂfb QREN 6l EBETHLOR 188 HERIELEFalvE 255 is less
2, as wel as in a closed direction (e.g. when

t h ehl&ll)“{(l)g ult%%9 )}I ﬁt \Klﬁwa&n{eh chamber 235).

However , externa e assi stance may

tak 0%]aceg%‘rﬂlag%e@ée mb%ﬁm}e RS§ 1c‘?e%9{e9§a§ thngﬁldgé%gBEEI 100 and

in e valve actuation

' ncll ﬁjaﬁl ? tgu%é% %1{1%&’1{1 % A& g \If'lcl?veré)StSabﬂ'heat C? actuatlog of the

cran arm 2 na bé“force

b t at
vu iR 1&%8@3%5%%58 Qe8P b8 PO 59§5gms
thin, th h C
TS s of RS2 S i i PG i SR TR racticl
o B8 ST R iS58 SNTEEBR o
ng a return of higher pressure withint

enpl
cha%%lﬁrg@ovaéweo%@ pfEIo8y P%V%alrﬂ\/@ezﬁs@ongnqné%temakéﬁsgﬁtance is
result in any significant water hamrerin

s| npqoandp@to the disehsesaY ahenty) 16@6?‘1&1%63 ﬂlé\ﬁé%ﬂonm%bfeg?éﬁ d}efhat is, an

assenbly 100 and actuation gui de 200 adj acent onlg
t headglifiplo actyaiiop egBds simikpattoj die gahadieqngn deferibggle above may be
di scharge valve 250 is left to pressure conditions
wi t PasHiongk adipeeibthe QgBareTplye #és agfl [cowpl¢dothemtpsin exfder to further

design simlar to cam actuati on noted above and may be
a pedendegaimp efficiency. This may take place by reducing the amount of time 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. 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.
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option in light of the fact that significant
cavitation is unlikely correlated to any di scharge

W@ 200883850 position. However, in one enbodi menkCI/IB2008/051707
external assistance is provided to the discharge valve
250 in addition to the suction valve 255. That is, an
addi tional actuation guide simlar to the enbodi nents
descri bed above nay be positioned adjacent the
di scharge val ve 250 and coupled thereto in order to

furtopss) enbanaRinguiih eférbitdeab®e. 3TMhSadiBYioh kR BOAGR Iudes the
by reducing the anount of tinme that m ght otherw se be

I eqibtE e thyliQuiRP @Rarer C300S §nichemdy Shakard vty e &ﬁgp—side interior
based soyely on the pressure within the chanber 5.

[ Oogo%lpaﬁﬁfeﬁtr 50N EhdMWerkiBridil cg)mp§nm@1ﬂ At KTMLSEside of the plate 307.
enbodi nent of an actuation guide 300 is depicted

Wi t Jﬁhlﬂ, 51“?10195@ 21?%1%%%% lt}ge in@Qor thent %a?eﬁ? re?%loiygd to drive the

actuation gul 00 may be enpl oy in or

pr Oé{ljn{jﬁ)(;%a 3] th@ﬁ@%%‘ilg@gﬁ) §q‘r};1ip NP! YenSHUEDoAfe I%}lg‘%g]n valve 255

depicted suction va the "enbodi nment s

255 PeRE oIS R FALSERE IO EHEhE D MG 255 and

terpinates at.a 307 wi,thin a h ul i ¢ chanber

500 Aghla by BaBEi g ey ety Pt B Gomocr 235
chanher 309 may act .upon the plate 307 in order,  to

o { BBy EEI 0P QLS TODT~S HATAT S8R PRTDT adhdpey act upon
opoHF REPEGE EHE O e Pl TeReRHe T S g w4255 oo the open postion
cl osi ng. [ 0030] .Cont.inuing with reference to Fig. 3, )
t heﬂsle&er?%%tni b%§- dui 9@ ngi§0" HHe e T (e rfSRRed TP AT & hydraulic
chanber. 309 which may be divided into a punp-side .

i nt &tasen geigp aPY iralhe cgarledhivdha Aisgheresriabie 2eBrARdperasAin pressure
340 at either side of the plate 307. Thus, an increase

i n HrivgympeidetinicHer Gomparmeit Wit hensn thaayrltse250. Alternatively,
enpl oyed to drive the arm 305 away fromthe adj acent

punf B§sRTmEnRressing af flee eRpoaitoexteriis compimaent weluldaggg close the
coupled to the arm 305, this pressure increase results

i n waled 34 n@hi@fma{nh@r afgctratiosFopldde due to the unique orientation of the

discharge valve 250 relative to the pump chamber 235.

[0031] Returning to the embodiment depicted in Fig. 3, the interior compartment
330 is served by an interior hydraulic line 310 whereas the exterior compartment is
served by an exterior hydraulic line 320. Thus, in one embodiment a double acting
hydraulic control mechanism may be disposed between the lines 310, 320 to drive
hydraulic fluid between the lines 310, 320 in order to 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 305.
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t he comuni cation path 201 between the fluid supply

245 and the punp chanber 235. Alternatively, a
WEe@sasm3d9 i ncrease wWithin the exterior conpartPE&niB28eEN51707

may act upon the opposite side of the plate 307 to

drive the suction valve 255 into the open position

depicted in Fig. 3. O note is the fact that in an

enbodi ment where a hydraulic actuation guide 300 is

al so coupled to the discharge valve 250, an increase

n Fﬁ)gﬂsur Sindar itd ShP bARK-H R EdatiBih@n 6PFRAML MRNhydraulic valve
d act to open the valve 250. Alternatlvefy, an

' nC£&1?a$1€n LMdPBERPSUE 3ot vaRB AsthdtRn@Xdi®4cOko the suction valve in
conpartnment woul d act to close the valve 250. This

mangl%anﬁér %Et&ﬂ?{h‘ll?r}edﬂe dcabﬁatg)ﬂeort BilifReot! Bbéﬂé{%n fluid within the
orientation of the dlscﬁarge val ve 250 relative to the

pu nala% rdui?l?fgren%g% He R gy o difiohdl q{e%{ﬁtanon guide
h S R oS gL

depi cte e interior conpart

Ser y(%dasméts a Hoﬁlt ﬁ%e'nglr JM%&M&' St 1.Jh5 @&ctl%g[ %}’\‘ﬁé efS% 4 tg}gchronized

exterior CO

hydﬁlngeﬁyV I q%‘lcg’gfglglﬁggl (?Sf’t Elhlgél% a%go enﬂiu{;é%@. F urtlge?lggljeeadditional
31 20 dr d
be t wv\g%met{lﬁ gftJ c;en%i m@i_gé a%éﬁ/ea Cl)n an E c{' oen{tzg a% {éyc{'rlauqlc actuation

press ar.t ment

thint
desERinay ﬂﬁ? Sl t%@"@lscwcwfvsﬁgg bR ahent 1 y
act d doub act| ne tic actuators be
oo ulIPAEC, CRERL e R e TR c gt SR By dne arm 305 may
pressu es MA#hln the conmpartpents 330, 340 and achi eve
r eciHpt %af P gRocsrabyqiRer £ %Jé‘i’}lofld%?ﬁ““swﬁ“lnﬁ‘fd Yadve W@ratlon in the
crank-drijven conflﬁératlon of Fi t he hydraul

val 9¥niek iggkdewn gfifgecponoguids {:P% %%{W@HM & hydpatlic actuation

actuation assistance to the suction valve in a manner.
sub&tidhi 0ampybe aprleyed gorcantipteraciib Malye agiwtion iy sipgle direction (e.g.
operation fluid within the chanber 235 during retreat
of ensaing| afribrepucsion valaeidpl sigrlar ke theygaar ectyared eehodimanp fescribed
gui de 300 assists in both opening and cl osing of the
suctliogp). val ve 255 in a synchronized

[0034] Continuing now with reference to 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 inductor 420. Thus, in the embodiment shown, the suction valve
255 may be of a conventional magnetic or other magneto-responsive material such that
valve actuation may be directionally assisted based on the polarity of the inductors 420.
That is, the inductor 420 may be of reversible polarity such that the valve 255 will
either 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 free of

physical coupling to the suction valve 255 by way of imparting electromagnetic forces
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manner, volunetric efficiency of the punp is also
enhanced. Furthernore, additional volunetric
we@tdosassmry may be achieved in an enbodi nent WhEF/B82808/051707
hydraul i ¢ actuati on guide 300 is also coupled to the
di scharge val ve 250 as descri bed above. [0033] As in
the case of the crank-driven configuration of Fig. 2,
the arm 305 may al so be of a shock-absorber
configuration to ensure continued val ve operation in

t hethey@RtthOfndhdtakdomibe@fedtighiR @fcUaht BovE ted@icB@0valve 255 and
Addi tionally, the hydraulic actuation guide 300 may be

enphpxgft thONuiBSpH 2N EHdwbvWakV okt Habddert ndirSisiila to that
direCtion (e.g. opening of the suction valve 255

si Myt @ks. bAnd BaG BLADILIAD 8 VaRROGS IR HQ G4 Pa- r:guide assembly
above). [0034] ntinuing now with reference to Fig.
4 : ' odi . :

RS @%ﬁcm g&gm&%ﬁ?lﬁ, ! AuERoL nfefshmgg%y % %egﬁ?%wtgﬂggd from

450 1s depicte e gui de asse

sous FBA A Al BE 1hl BREL! SRSNTD tfe RAVELSS it
el 91%5}5 %?%%rdg tuh fof P H&fc\?(j)ér ré%g\'etoj;gs%éfésixlfenmgtggalearﬁg %?t:egﬁlgign by the

shown; "The suction®va may of a conven

magnet i c or other magneto-responsi.ve material such .
t hab TYLig & SRVE: 15 iy S PACYOHan 1 BELREFlgnd hydraulic

based on the pol ar.it) the i nductors 420. That is,
themP‘HHE?%%mﬁﬁﬁzﬁ%&i%gf%P@reversible pol arity such

t ha e val ve 255 w | ither b ssisted in openin .
o 088 g RreBdhar Bhof e e AR Snd SRR driven
the current tprough th$ inguctor-420.-{0035] In the )
enmbBAigERIOLPT Figg? PAOVI{qyevaleragaRtighasyiifenes W5he Sugen felve in a
entirely free of physical coupling to the suction, )

val pannes subsiantglly reducingeayitatiny Addigipradrayhes the actuation guide 450
forcest hrough the inductor 420 i nbedded within the
seatdpesr 8 WRREONEGE 19VEHC WA PYRrity 3G i nalf]tlh eeping 44 closing of the
fluid supply 245. However, in another enbodi nent, an

ar niustie vaye 2%, vhlamenic atfigiency »f gredpusimigplshenbanggr. eBurthgrmore,

the val ve 255 and extend toward the gui de assenbly
additional volumetric efficiency may be achieved in an embodiment where an

electromagnetic actuation guide 450 is also coupled to the discharge valve.

[0037] With particular reference to Figs. 3 and 4, hydraulic 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 physically
employing a timing belt 125 to 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 techniques. This information may then be fed to a processor where it may
be analyzed and employed in actuating the hydraulic 300 or electromagnetic 450
actuation guides employed. Indeed, with such techniques available, actuation
assistance may be tuned in real-time to ensure adequate avoidance of cavitation and

maximization of volumetric pump efficiency.
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100. In such an enbodi nent, an inductive nmechani sm may

be retained isolated fromthe fluid supply 245 where
waele®snaw49 Thus, the arm as opposed to the val REr/BRS08/051707

itself, may be nmade up of magnetic or

magnet o-responsi ve material and acted upon by the

i nductive nmechanismto assist valve actuation simlar

to the mechani cal and hydraul i ¢ enbodi nents depi cted

in Figs. 2 and 3. [0036] As with prior enbodi ments

det ?lOBﬂd abeMfuingRite | Befne MBI MR bobsHim¥AS of Figs. 3 and 4, non-
configuration of Fig. 4 provides valve actuation

assingh@NC Scthioh NRsiShiede | i@NhY FbYE of Ry @aklRNARS or electromagnetic 450
substantially reducing cavitation. Additionally, where

t heac‘%‘attlHﬁ%ﬁE’s S0l & ARRiohNACERRs S¥HCHERPICZ By 1@‘5%&1‘%t10n in

of polari to assist I n both opening and ciosing of

t heth§ %gll Qlﬁlbglatlf\fﬁecgaﬁgcal Ml%l/ll[i 5&5‘ \thgl{ fn'a%'b% Wnt?flecf. I'Iﬁdeed, in the

punp is 21'so - enhance Furt r nor e, itiona

vol yaqgtorfle ﬁgﬂlh@eﬁp%&u%ﬁ l?l? ls)at Q{lﬁy etﬂe a)gtl 8? gr}aﬂggtan arm

where an ect r netic ct 1 ONn
?g?g&r g%gtéo %h% QELVQ hs§ g%&rgf svglllcl\gl:'%dpv[ep {?lg él)tew Gatl Qeé&qg Eﬂa?nﬁh? b sealed

el ec el valve actuation assi stance may be
par?ﬁﬂﬁﬁggm§ybgq sui ted for non-nechanica

th t t f. t.he .. )
Saitsg" Zgﬁfﬁﬁﬂlgwwgvnt%E%B?ﬁfﬁﬁ{}%ﬁﬁ%?wﬁﬂ V%qu“rﬁrﬁpalﬁeld 501 is
b | 125 t d bl )
Tootertiial urt PoRPoT0L HETgh g ar 300 %IB’P uF §§W ¥t & mutei-

parts may be nDnltored vi.a conventi onal sors
t ecPHTRPRE§atIOTFH Fach I?W&’r 7 GRS T 0P%i“%1150 adjacent a
processor_ where it be anal yzed and enpl oye

act ehMbRigheuwBenl/d raampioaltl@@é P %|Slélét1r38né§%wmc lmstsier to reduce

actuation gui des enpl oyed. Indeed, with such
t ecHIBiRIAnd PEmMP dpmege. Bethyaps bH 8 ¢lse pahguinage Wigh an externally
tuned in real-time to ensure adequate avoi dance of

caqusatom@ﬁhgla%amblml%tq BHSON VolgP aefation avighimthe chamber housing

efficiency.[0038] Continuing with reference to the

enb bt avelatagedin cpibgdimegts aheived Ovigeshli pympegfiqrency may also be enhanced
for each of the pumps 101 in this manner. Thus, inadequate operation of any given
pump 101 is unlikely to occur or place added strain on neighboring pumps 101.
[0040] In the particular depiction of Fig. 5, the pumps are acting in concert to
deliver a fracturing fluid 510 through a well 525 for downhole fracturing of a formation
515. In this manner, hydrocarbon recovery from the formation 515 may be stimulated.
Mixing equipment 590 may be employed to supply the fracturing fluid 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 into the well 525 at pressures that may
exceed about 20,000 PSI. Nevertheless, due to cavitation avoidance as a result of the

employed guide assemblies 100, pump damage due to water hammering may be kept at

a minimum.
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actuation assistance in the formof hydraulic 300 or
el ectromagneti c 450 actuati on gui des provi des
w@owstizswnl advant ages. For exanple, there i s BCT/IB2008/051707
reduction in the total nunber of mechani cal noving
parts whi ch nust be maintained. Indeed, in the case of
el ectromagnetic actuation, in particular, the option
of elimnating an arm coupled to the val ve 255
al l evi ates concern over the potential need to maintain
a sppufd oEhbbdikhbsts ARAbN KeASinabh PO ZRikresRRABIatibT) PuitPWaln@ge and
Fig. 5, a partially sectional view of an oilfield 501
i's deripahpdrvnateata MRS QbeSis RelRSolt %E)QrpifnteFﬂagpuIﬂ-p pressure
are enployed as part of a multipunp operation. Each
PUNRy 10e LSufOH! RQ@%S‘M‘[}J&I'&? iy Bﬁéﬂﬁr@ftﬁe stl_@t%?l' Vafle :kégarticular may

adj acent a chanber housing 175 a positioned atop a

ski g A3fhed 50 %%ﬁbstd.nﬂalgr Q%ﬁin&t@ CJ\?Q%%HH ks ehpxgﬁ@lrv}ﬁ%mering.

punp damage, the punps 101 are al so each equi ppe

an ﬁ?&%c%r g@'o{)%os?&) ’?‘0' &%L%Qﬁgtﬁ%ﬁhg%g %g%gg?h%ti&goe%lﬁ) @égdati 'described

. Q
in valvé actuafion wt ousing 1

ray B e ERRERECE SRRy g AR B bR

manper,,, Th | nadequat e operati on of y_.given pu
Toaltoiel, o "R pl R RO R T b s ROy R T8 proscndy
nei ghpori n s, 101. [004 I.Ln the particular .

o pPerrh BB Re s Pong® Silke ' e G B e inO Rl g pyich these
to deliver a fractuping fluid 510 through wel I, 525 .

F or THRROIG PPFRE L] BB ieat o PHRY o0 S STalde i 16 described
oy Gt RS ORI - aRt BHHOCSO et sghingtily departng
enployed to supply the fracturing fluid 510 through a .
nanfrP@| the sriaciplietld 15PRS Sliiesatmiilimety hEohex#pwler g vaggtuation
then be enployed to advance the fluid 510 through a

wel psskigags B8p byrighicvdothiqyegh \fig usesobsayo gpdieistiprpsd trpggers. The
may exceed about 20,000 PSI. Neverthel ess, due to
cavisistapesnasadasiigd herwimsay afseshy emplpyadnte 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. Furthermore, the foregoing description
should not be read as pertaining 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 to have their fullest and fairest scope.
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enpl oyed gui de assenblies 100, punp danage due to
wat er hammering may be kept at a m ninum [ 0041]
WERiped3asent s descri bed herei nabove address cavP@HIB2008/051707
punp damage and even punp efficiency in a manner that
does not rely solely upon internal punp pressure for
val ve actuation. As a result, delay in opening of the
suction valve in particular my be avoided so as to
substantially elimnate cavitati on and subsequent
wat er hanmering. | ndeed, as opposed to nere nonitoring
of punp conditions, enbodi nents described herein may
be enpl oyed to actively avoid punp danmage from water
hamrering. [0042] The precedi ng description has been
pregeRi@d With reference to presently preferred
enbodiments. Persons skilled in the art and technol ogy
to W@Qﬁgn£hese enbodi ments pertain will appreciate
that alterations and changes in the described
structures and net hods of operation may be practiced
Wi t hout neaningfully departing fromthe principle, and

scope OfAbbﬁt%%cﬁéﬁth@QhémBﬁﬁpc&ﬂ%risﬂ?ga”m e, valve

actuation assistance may be achi eved through the use

of servo, gREheFora RSB BIPLIhDer; The assi stance as
detailed herern may al so be enployed to extend the

jife of Valwes sy nbRHE8SInGoliRE nlid cEmfun k@t h&yit] BS Mafhber;
SO as to ensure nore effective crushing of abrasives

garyjged by operation fluid. Additionally, volunetric
ef ficienci es enhanced by val ve actuati on assi stance as

9 escri beadvaﬂg:tra%{}ﬁﬁi i&éeexerIglptoftHé’ Eﬂ&%eﬁﬁﬁ@%ﬁcﬁﬁggﬁ to said valve

ensuri ng t alve opening I's maxim ze

@u”PiQ%mﬁE%&%Qaﬁﬁﬁﬂl’ the foregoing description should
hot heé read as perta ning only to the precise

structures described and shown in the acconpanyi ng
drawi ngs, but rather should be read as consistent with

andp as i 14d3Bieh I BRinG h InBRin WOL&BI; fth
have t h?ilﬁr%e)f%ﬂllllwieggp aJr%d ef%!u?lgg est:opzd. %RIMI\;QB&@\E lf?%rigiom

2 electromagnetic nature.

1 3. The positive displacement pump of claim 2 wherein said valve actuation guide
2 is an electromagnetic power source coupled to at least one electromagnetic inductor and

3 said valve is of a magneto-responsive material.

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

2 electromagnetic inductor is of reversible polarity.

1 5. The positive displacement pump of claim 3 wherein the at least one

2 electromagnetic inductor is accommodated at a valve seat for contacting said valve.
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1. A positive displacenent punp conprising: a housing
for a pressurizable chanber; a valve of said housing

wo o008a33sy ol 1 i ng fluid comruni cati on with the PCEHIB2008/051707
and a val ve actuation guide external to the chanber
and for coupling to said valve for assisting the
controlling. 2. The positive displacenent punp of
cl ai m 1wherein the coupling is of an el ectronmagnetic
nature. 3. The positive displacenent punp of claim?2
wherei n said val ve actuation guide is an
el ectromagneti c power source coupled to at | east one
el e6t r orflgmpesitice dispdacemont pamg of alath ¥ filrther ¢anpofing a mechanical
magnet o-responsi ve material. 4. The positive
i sahadgoeat bepusep sdifl valvaand s3idwabk attnatidnguak foreBstouphne:.
el ectromagnetic inductor is of reversible polarity. 5.
The positive displacenent punp of claim3 wherein the
at | east one el ectromagnetic inductor is acconmodat ed
ht & valVhe positive dignlacemantawmpreg clomi 6 whalenesal mephenical arm is of a
positive displacenent punp of claim1l1 further
Zonpmirgétipde @nfrewhiami cal ar m di sposed bet ween sai d
val ve and said val ve actuation guide for the coupling.
7. The positive displacenment punp of claim6 wherein
said nechanical armis of a contractible ) )
tonfi gurdeinsfitivedispRremerigiumpé clging p Waeisesatd glyggctystion guide
claim6 wherein said valve actuation guide is
Zonpicgufigerdsfor driingsapigmeshpicakain f theahsigingby gpe pfipecam
assi sting by one of a cam nechanism a crank
fre c aghiagingm, aicragiameghiapismpeletdsailic meckanisel, et elearoagaedticc
mechani sm a servo notor, and a stepper notor
4 mechanism, a servo motor, and a stepper motor.

I 9. The positive displacement pump of claim 8 wherein said mechanical arm

2 further comprises a plate, the hydraulic mechanism having a housing disposed about
3 said plate to form a pressurizable compartment at either side thereof, said arm

4 configured for reciprocating during the driving in accordance with compartment

5  pressure.

1 10. The positive displacement pump of claim 8 wherein said valve actuation guide
2 is an electromagnetic power source and the electromagnetic mechanism includes at

3 least one electromagnetic inductor.

1 1L The positive displacement pump of claim 10 wherein said mechanical arm is of

2 a magneto-responsive material.
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9. The positive displacenent punp of claim8 wherein

sai d nechanical armfurther conprises a plate, the
why@sasd3ur nechani sm havi ng a housi ng di sposedPGTR208/051707

said plate to forma pressurizabl e conpartnent at

ei ther side thereof, said arm configured for

reci procating during the driving in accordance wth

conmpartnent pressure. 10. The positive displ acenent

punp of claim8 wherein said val ve actuation guide is

an el ectromagneti ¢ power source and the

el ectromagneti ¢ nechani smincludes at | east one

el et2.r orfHgmpetitice disgdarctont. puiip.of Tlaen p@whiremehe at least one

di spl acenent punp of claim 10 wherein said nechani cal

ar nele@roafagaetichigihietooisfo€ sponbieelarag.eri al . 12. The

positive displacenent punp of claim 10 wherein the at

| east one el ectromagnetic inductor is of reversible

polarity. 13. The positive displacenent punp of claim

b f U3t heFheporitivd dbmepemantyomerof skampll yurthgr gimprige:

coupl ed to said power supply and in comrunication with

2 he chardymwer supgly ect pressurization thereof; and a

ti mng nmechani sm di sposed between said power supply

and sai th pegeecapted &t sadhpayeer skeppfycanddh caarhumcptivn mith gheathamber

the assisting. 14. The positive displacenent punp of

£ atonikd pMdyeuremtionstaerdoft am Ng mechani sm conpri ses a

timng belt. 15. The positive displacenment punp of

£l ai m 13 wwhdg eicthaddhntditjoRddigtwises ket bswerGopRly uskeaid valve

sensor to nonitor said plunger; and

6  actuation guide for directing timing of the assisting.

1 14 The positive displacement pump of claim 13 wherein said timing mechanism

2 comprises a timing belt.

1 15 The positive displacement pump of claim 13 wherein said timing mechanism
2 comprises:
3 a sensor to monitor said plunger; and

4 a processor to analyze data from said sensor.

1 16 The positive displacement pump of claim 15 wherein the directing is tunable in

2 real-time.

1 17 The positive displacement pump of claim 1 wherein said valve is a first valve
2 and said valve actuation guide is a first valve actuation guide for coupling to said first
3 valve, the positive displacement pump further comprising:

4 a second valve of said housing for controlling fluid communication with the
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a processor to analyze data fromsaid sensor. 16. The

positive displacenent punp of claim1l5 wherein the
Wa@lRrsasdsmy i s tunable in real-time. 17. The poBGCT/IB2608/051707

di spl acenent punp of claim lwherein said valve is a

first valve and said valve actuation guide is a first

val ve actuation guide for coupling to said first

val ve, the positive displacenent punp further

conprising: a second val ve of said housing for

Songagibkd; B 1 ui d comuni cation with thechanber; and a

second val ve actuation guide coupled to said second

gal ve t o, @ssiashlvt REuARALHRL lcbipedy sSaL&oR@EMNTo R the
18. A positive displacenment punp assenbly for

pos&ﬂhgnﬁgg aid aRo vdivel d to deliver a fluid to a
wel | thereat during an operation, the positive

di spl acenment punp assenbly conprising: a housing for a
pressuri zabl e chanber; a supply of the fluid adjacent

t he1fpr ess ypdittalliglahasme glimp assvdbVEorqfosisidhig amsilAgdf@deliver
controlling access by the fluid to the pressurizable

Zhagrhgid;to 2041 thevdl %Rin@Gh Yadrhtn, BYhEEHIEPIReherdt Buip Bssembly
pressuri zabl e chanber for coupilng to the valve to

assictprishg: controlling. 19. The positive di splacenent
punp assenbly of claim 18 wherein the coupling is one

of a mechaniindkoraPuRbirRebaBthndRr; el ect romagneti c
coupling. 20. The positive displacenent punp assenbly

of clai rQs;la?%l.g@?{h@iﬂﬂicﬁé&?ac&ﬁ%{e%.és%iﬂaﬁleQﬁ‘aﬁn&]}; fracturing

and cenen
6 a valve of said housing for controlling access by the fluid to the pressurizable

7  chamber; and
8 a valve actuation guide external to the pressurizable chamber for coupling to the

9  valve to assist the controlling.

1 19 The positive displacement pump assembly of claim 18 wherein the coupling is

2 one of a mechanical coupling and an electromagnetic coupling.

1 20. The positive displacement pump assembly of claim 18 wherein the operation is

2 one of fracturing and cementing.

1 21. A valve actuation guide assembly for positioning adjacent a housing for a
2 pressurizable chamber of a positive displacement pump, the assembly comprising an
3 actuation guide for coupling to a valve of the housing for controlling fluid

4 communication with the chamber, said actuation guide to assist the controlling.
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21. A valve actuation guide assenbly for positioning
adj acent a housing for a pressurizable chanber of a
WEomBt3wse di spl acenent punp, the assenbly conpPCHIB2GO&AN$1707
actuation guide for coupling to a val ve of the housing
for controlling fluid conmunication with the chanber,
said actuation guide to assist the controlling.22. The
positive displacenment punp of claim2 1 wherein the
coupling is one of electromagnetic and nechani cal .

22. The positive displacement pump of claim 21 wherein the coupling is one of

clectromagnetic and mechanical.
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