VALVE- SEATI NTERFACE ARCHI TECTURE FI ELD [ 0001]
Enmbodi ments described relate to val ve assenblies for
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applications. In particular, enbodinments of a
conformabl e val ve seal or insert and configurations of
a val ve seat are described to make up a val veseat
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r egdisplacement 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 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 an abrasive 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 is often the case with large systems and industrial equipment, regular
monitoring and maintenance of positive displacement pumps may be sought to help

ensure uptime and increase efficiency. In the case of hydraulic fracturing applications,
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between the inserts and the valve seat as the valve
as those noted above, conditions may be present that can both increase the likelihood of
pump failure and increase the overall negative impact of such a failure. For example,
the conformable nature of the valve insert is that it tends to bulge and wear at the edges
over time due to repeated striking of the valve seat. Additionally, the use of an abrasive
containing fluid in hydraulic fracturing not only breaks up underground rock, as
described above, it also tends to degrade the conformable valve inserts over time as
abrasive particles are sandwiched between the inserts and the valve seat as the valve
repeatedly strikes the seat. Such degradation and eventual leakage may result in failure
to seal the chamber of the pump, perhaps within about one to six weeks of use

depending on the particular parameters of the application. Once the chamber fails to

seal during operation, the pump will generally fail in relatively short order.



repeatedly strikes the seat. Such degradation and
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weeks of use depending on the particul ar paraneters of
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vibrations that are the result of a leak or incomplete seal within the chamber of the

positive displacement pump, such a leak being the precursor to pump failure as noted
above.

[0008] Unfortunately, reliance on the detection of acoustic data in order to address
developing leaks at the valve-seat interface as described above fails to avoid the
development of leaks in an operating pump. That is, acoustic data may do no more
than provide an early indicator of potential leaks. While this may afford an operator
time to take the pump off-line in order to address the potential leak, there remains no
effective manner in which to avoid the leak in the first place without the need of taking
the pump off-line. Thus, at a minimum, even where a catastrophic leak is avoided due
to early acoustic detection, down time for the pump at issue still results. There remains

no substantially effective manner in which to avoid leaks at the valve-seat interface in



than provide an early indicator of potential |eaks.
Wiile this may afford an operator tine to take the
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there remains no effective manner in which to avoid
the leak in the first place without the need of taking
the punp off-line. Thus, at a mninum even where a
catastrophic leak is avoided due to early acoustic
detection, down tine for the punp at issue stil
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[0011] gFig?2 is a side cross-sectional view of the valve of Fig. 1 taken from section
2-2.

[0012] Fig. 3 is a side cross-sectional view of an embodiment of a pump assembly
employing the valve of Fig. 1.

[0013] Fig. 4 is an enlarged view of a valve-seat interface taken from 4-4 of Fig. 3.
[0014] Fig. 5 is an enlarged view of a valve-seat interface taken from 5-5 of Fig. 3.
[0015] Fig. 6 is an overview of an oilfield employing surface equipment including
the pump assembly of Fig. 3.

DETAILED DESCRIPTION

[0016] Embodiments are described with reference to certain high pressure positive
displacement pump assemblies for fracturing operations. However, other positive
displacement pumps may be employed. Regardless, embodiments described herein

employ a valve-seat interface wherein a valve or a valve seat are configured with a



[0015] Fig. 6 is an overview of an oilfield enpl oying
surface equi pnent including the punp assenbly of Fig.
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described wth reference to certain high pressure
positive displacenment punp assenblies for fracturing
oper ati ons. However, other positive displacenent punps
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the conformabl e val ve insert 101 depicted in Fig. 1is
of the valve 100 and insert 101 at the valve seat 385. Thus, the life of the valve 100

and pump assembly 310, as well as neighboring assemblies 600, may similarly be
extended as detailed hereinbelow (see Figs. 3 and 6).

[0018] As indicated, the conformable valve insert 101 depicted in Fig. 1 is
configured to accommodate its own deformation upon striking of a valve seat 385 as
shown in Fig. 3. In particular, the insert 101 is configured with at least one
circumferential component to reduce stress concentration and accommodate its own
deformation. As shown in Fig. 1, these components may include a concave surface 150
and a rounded abutment 175. With reference to vertical line i-i, the concave surface
150 in particular may be further defined. For example, with added reference to Fig. 2,
the conformable valve insert 101 is configured for fitting within a recess of the valve
head 180. As depicted in Figs. 1 and 2, the outermost edge of this recess is found at

vertical line i-7, which also happens to correspond with the outermost edge of the valve



configured to acconmodate its own deformation upon
striking of a valve seat 385 as shown in Fig. 3. In
w@2008i13%kar, the insert 101 is configured w t hPEE/1B2068151359
one circunferential conmponent to reduce stress
concentration and accommodate its own deformation. As
shown in Fig. 1, these conponents may include a
concave surface 150 and a rounded abutnent 175. Wth
reference to vertical line i-i, the concave surface
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deformation felt through the insert 101 upon striking

of [0820]val Centin@hg with reference to Fig 2, with added reference to Fig. 3, the
concave surface 150 as described above is shown. Additionally, the above noted
rounded abutment 175 may be detailed with reference to diagonal line i/i-ii. Again, the
rounded abutment 175 is a circumferential component about the conformable valve
insert 101. In this case, the rounded abutment 175 is the portion of the insert 101 which
is configured for directly striking the valve seat 385. In fact, the rounded abutment 175
extends below the diagonal line 7i-ii such that it is the first component of the valve 100
to strike the valve seat 385. That is, as depicted in Fig. 2, the diagonal line #i-ii is

aligned with the strike face 281 of the valve head 180 which is thrust against the valve

seat 385 during operation of a pump assembly 310 as depicted in Fig. 3. Thus, by



[0020] Continuing with reference to Fig 2, with added
reference to Fig. 3, the concave surface 150 as
woele®snsdserl above is shown. Additionally, the aPCWEB2008/051359

not ed rounded abutnent 175 may be detailed with

reference to diagonal line HH Again, the rounded
abutnment 175 is a circunferential conponent about the
conformabl e valve insert 101. In this case, the

rounded abutnment 175 is the portion of the insert 101
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its greatest. Thus, the deteriorating effects of
pr o9t o fabie thedwholithrabhas mahnee of pisismg between the valve seat 385

and the valve 100 may also be imparted to the strike face 281 and the valve seat 385 to
a degree. That is, due to the extension of the rounded abutment 175 to below the
diagonal line #i-ii as described above, the impact of a given strike is initially felt at the
insert 101, thereby reducing the degree of impact between the strike face 281 and the
valve seat 385 during the strike. Thus, the circumferential component of a rounded
abutment 175 provides stress reduction to the valve-seat interface in terms of the valve
insert 101, the valve 100, and the valve seat 385.

[0023] Continuing with reference to Fig. 2, with added reference to Fig. 3, another
circumferential component of the valve insert 101 for reducing strain in the face of

impact with a valve seat 385 is depicted. Namely, a core mechanism 200 is disposed



101 may be mnimzed. [0022] In fact, the benefits of
this manner of striking between the val ve seat 385 and
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281 and the valve seat 385 to a degree. That is, due
to the extension of the rounded abutnent 175 to bel ow
the diagonal line HH as described above, the inpact
of a given strike is initially felt at the insert 101,
t hereby reduci ng the degree of inpact between the
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390 for reciprocating
the plunger 390 is thrust toward the chamber 335, the pressure within the chamber 335
is increased. At some point, the pressure increase will be enough to effect an opening
of the discharge valve 350 to allow release of fluid and pressure from within the
chamber 335. The amount of pressure required to open the discharge valve 350 as
described may be determined by a discharge mechanism 370 such as a spring which
keeps the discharge valve 350 in a closed position (as shown) until the requisite
pressure is achieved in the chamber 335. In an embodiment where the pump assembly
310 is employed in a fracturing operation, for example, pressures may be achieved in
the manner described that exceed 2,000 PSI, and more preferably, that exceed 10,000
PSI or more.

[0025] The above described plunger 390 also effects a low pressure on the chamber

335. That is, as the plunger 390 retreats away from an advanced position near the



within a plunger housing 307 toward and away from a
chanmber 335. In this manner, the plunger 390 effects

wohR@R/1393d2 | ow pressures on the chanber 335. FOPCT/IB2008/051359

exanpl e, as the plunger 390 is thrust toward the
chanber 335, the pressure within the chanber 335 is

i ncreased. At sone point, the pressure increase wl|
be enough to effect an opening of the discharge val ve
350 to allow release of fluid and pressure fromwthin

t heciahmebess, 388 prkb@e ARt Wi JRERSSUr L HRAMEER U&Qreases, the
open the dlscharge val ve 350 as descri bed nay be

det &i@éﬂaﬁ%m 380 <lii1® GRRE el%seaea%aawtml%grfé WaRe @&t 380 as depicted
spring i ch keeps the discharge valve 350 in a cl osed

pOSintFlgrB ('ﬁﬁs 20Ut Yithé gluhgt'@ 35 g\k}ﬁ}sfr&ﬁ IR &1%1%55193 35 Swill initially
achi eved in the chanber 335 n an ‘enbodi nent where

t here@lﬁ{rﬁ @&?m J)fY 0??1-1(3 c'hémﬁmbgy @fé)\xje()er,a ghﬁigérrkgo continues to

operati on, exanpl'e, pressures nmay ved

br oFSPE BFEy HERCHE Eﬁﬁéﬁ%faeﬂ%ﬁﬁ%éﬁf%ﬁ@?&f“ TR g, and
aboé’venﬁjlg el I {%\%d of l a%geg pge%%lrg l.ﬂ‘z'lﬁ féc%?ev%d tvhlth%/v the chamber 335.

pressure of the'c e m

390 re ats 1c¥ n ed Vaensc?edd c?s LL nough to gffect an
thec ﬁhe¥ ¥35P fﬂe pr%ss ep{ﬁg 9 v B%rea§ AS

the pressure decr t he disc r ve 350
e R e o5 ) LSS0 e 100
deplc edinF . Thi en f e er 390

el lﬁmﬂne%éh@‘ﬁ%ﬁaal? Pl T i e Vﬁeé’fﬁ?fmwaf pressurc
seal ing off of chanmber 335. However

pl uffgeFe stgepf‘eldhw V0 dﬁsﬁ’(}'éeddWé’y)”fqu?ﬁ‘?lPﬁib%ﬂhﬁ%? mechanism
335, the pressure therein wll continue to drqg
eventusich ys & spane whichdgensi the ks selyed OQiip p dipse B?ﬁ“&?e‘aml the
wi thin the chanber 335. Eventually, as depicted in

Fi greqelsﬂetlﬁ@pﬁ%@gwraéhla@@ﬂ@él@éhwlpqr3% enough to effect

an openi ng of the valve 100 (acting here as an intake

val {ﬂ@¥6] Thas dperberhabyre.t heecipgicgiangl @Ucychng mogomahthe plunger 390

all ows the uptake of fluid into the chanber 335. The
anoigmerdofng pwes drom the chamber 335 within the pump assembly 310 controls

pressure therein. The valves 350 and 100 respond accordingly in order to dispense
fluid from the chamber 335 at high pressure and draw additional fluid into the chamber
335. As part of this cycling of the pump assembly 310 repeated striking of the
discharge valve 350 against a discharge valve seat 380 and of the intake valve 100
against the intake valve seat 385 occurs. However, due to the configurations of
conformable valve inserts 101, 301 and other features of each valve-seat interface, as
detailed above and further below, the useful life of the inserts 101, 301 may be
substantially extended. This may be of cascading beneficial effect to the life of the
valves 100, 350, the pump assembly 310 itself, and even neighboring assemblies 600 as

described further below (see Fig. 6).



required to open the valve 100 as descri bed may be
determ ned by an intake nmechani sm 375 such as a spring

wakiosh3®weeps the i ntake valve 100 in a cl osed POFIB20¢8151359

until the requisite |ow pressure is achieved in the
chanber 335. [0026] As descri bed above, a

reci procating or cycling notion of the plunger 390
toward and away fromthe chanber 335 within the punp
assenbly 310 controls pressure therein. The val ves 350

andjoh@f) r eepandlidGEA @Ry tol gLl AR 5! WitHdRIPE A& erlck W Hig. 3, a
fron1the chanber 335 at high pressure and draw

addidrhRaRadn i lakiveh bl @nthey HaREhicARRs 475 93MkfoRf addduing the
cycling of the punp assenbly 310 repeated striking of

t hegfikSGhALA%. YE, 480 3P0 vaRaLEE B R BpS INAIENRING S8R, each
380 and of the i ntake valve 100 agai nst the i ntake

val ¥ﬁv§% 3§§$s Q I%Heﬁ wﬁﬂ%ﬂ@ fantlfi (fugfaienﬁconformablg valve insert

configurations o onf ormabl e va nserts 101

and 1(91t 2@1 '{)h%@tolfggrzl 1?1 r?oh?ecllg t eﬂoﬁl\%ar?s%ﬁef J[h@tcﬁa{nlgﬁil%%orgl’f‘oflogy of the

detal'l use

t h emlsg}?éelr t1 S 301'10when ggsfro%e A %?? t%na{l]wa{gf #re h t & da?vq se]at 385 as

nay be of " cascad I'Ci a

f 350 3 0 | f,
5%°lctvdalﬁ\é.ggﬁ*o§“kmg Ryaliiel A SRS kg ?5. bed o

o i Wﬁ%ee%cg o éj% hiReddan of e phiceur
ot palEs SR RS 2 i olhe SRt 4%30@ i Tof s gepicted.

val ve 100, 350 at a val ve seat, 385, . 380.

enbOdidEAtd %lr?dﬁmthe oabr VR eatipoed 3Hb 4 %Onéqi@?‘ﬂﬁé/&ww ipggrt 101
a substantlally equi val ent conformabl e val ve i nser

10 1havagvarigy of cirgpnfaigptigl cpmpgenepts canfjgyradra helg ﬁﬁ%ﬂnﬁ’é‘&‘ﬁte its own
of the changi ng norphol ogy of the inserts 101, 301
whefeforsting upaaiRanRighe Yabre sastely>f Tbthia ayfep@nped abgre, a concave
seat 385 as depicted in Fi 4 to striking a valve
seatur3gp ¥k adepided e@tmﬁmﬂﬂg ang a ¢ PRFhapsh2(0cre plb fcgrporated

to Fig. 4, an enlarged view of the structura
ar chita e inged 19k to help reduce concentrated radial strain of deformation felt through

the insert 101 upon the striking of the valve 100 against the valve seat 385. When
examining the equivalent circumferential components at the valve-seat interface 575 of
Fig. 5, with a valve 350 striking a valve seat 380, the behavior of such a valve insert
301 is apparent.

[0029] With reference to Fig. 5, an enlarged view of the intake valve 350 of Fig. 3
is depicted. Unlike the interface 475 of Fig. 4, the valve-seat interface 575 of Fig. 5
reveals a valve 350 as it strikes a valve seat 380. Deforming of the conformable valve
insert 301 of the striking valve 350 against the valve seat 380 is apparent. However,
much of the strain of the deformation on the insert is absorbed by the core mechanism
501 and its energy absorbing nature. Additionally, the strain of the deformation is

absorbed over a period due to the use of a rounded abutment such as that of Fig. 4 and

10



the val ve-seat interface 475 enpl oying the di scharge
valve 100 of Figs. 1-3 is depicted. As detail ed above,

w0 b@sit3d3vre 100 is equi pped with a confornabl e REI/1B2008/051359

insert 101 having variety of circunferentia
conmponents configured to hel p accomobdate its own

def ormati on upon striking of the valve seat 385. That
is, as described above, a concave surface 150, a
rounded abutnment 175, and a core nechani sm 200 are al

I nc@snREabeE et 078)NRov MaRded bladrehs MBS RurfaIUCe valve seat 380.
concentrated radial strain of deformation felt through

t hepifiRBhdre W0dorkRRNuFA® Stlthé Kis@8 30T sdchiGs Vigh YEFOOI-4 as detailed
agai nst the val ve seat 385. When exam ning the

equineb ?@% ?S(T) %Q'fg‘?\reﬁn\;la,\galto QC}HJ}Q rf%ﬂ&?edasturftag@ 550. That is, as the

val ve-seat interface 57 a val ve 350

st r&Afl‘f&glaﬁie\/\aall%enﬁ@rﬁtwisqg'stﬂlglg g ﬁ‘s;?\/‘[h@ |.5>]8()Gl the stress of

valve insert 301 Is apparent. erence

F! gdefgrn}aﬁgn ?snl’aﬁfa gdoudkr%}ﬂ\’ cﬁo ebfgr 'dpée ! ﬁle 1%%§co%ggfﬁogature of the

I cte ke 't ace

Sqursg\::ag al/ gur?at%g totf tﬁ]t ?I{sgr"tal G61 >/ %10% ﬂﬂt%}g%%ml&veﬁlo. 18 qmg?rted as

es a-val ve'sea

e conf.ar valve

3500%35%0“‘*%5&%“&1% Ty a8 flihg 3 Bhart AR bhiiiBole
strain of t ef or mat e jnse

2bslPBlq" oo echedn b airefean s End 1 P Qeaﬁ‘svlagal components
absorb re. Additionall t he st
ot Bt B el G i e gtam st R S arfies fES g3 upon the
of a rouqded abut nent such as that_of Fig. .
andtigess ¢tedahis 08 108 sgikingasyalvesa) F¥0ai {0 qgaﬂf‘oweh SpRRIgnts are
the surface of the valve seat 380. Furthernore
contedtiled ehevearith rpeetie theacafarmalq valie Hisers ltoﬁa%dloralve seats 385,
Figs. 1-4 as detail ed above (e.g. 150) has gi ven way
t o hBPedbs qoafigEpdp asehmEedtam, re%sﬁtrqsscorﬁsnttaﬁ@n For example,
conformabl e val ve insert 301 is struck agai nst the

val safeyagble 30 inserkiet 081 Y099maydic cawlayedns depietadsn Figdidandd. These
outward. However, due to the initial concave nature of

t heseaLineqrts 488 0 reayr licarvefipired toedijtribige thea0ess of vakye etrikes similar
flattened surface 550 is inparted as
to the valve inserts 101, 301 described above.
[0031] However, of potentially greater significance, is the fact that a seat insert
400, 500 of conformable material aligning with a valve insert 101, 301 of conformable
material may help to avoid the imparting of abrasive forces of proppant or particulate
into the valve insert 101, 301 during a valve strike. For example, with reference to Fig.
5, by allowing for the aligning surface of the valve seat 380 to be of a conformable
material, any proppant or particulate trapped at the interface 575 during a valve strike
may be roughly equivalently absorbed into the surfaces of each feature (e.g. 301, 500)
as opposed to having a hard surface of the valve seat 380 imparting stray particulate

into the conformable surface of the valve insert 301. As a result, abrasive wear on the

insert 301 may be substantially reduced. Thus, once again, the life of the insert 301
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opposed to potentially damagi ng bul gi ng of the insert
301 as detail ed above. [0030] Continuing again with
WO 2G0gnsa3dee to Figs. 4 and 5, additional conponeC/EB2es/051359

be provided for reducing concentrated stress at the
interface 475, 575 upon the inpact of a valve 100, 350
striking a valve seat 385, 380. Wile such conponents

are detail ed above with respect to the conformbl e

val ve inserts 101, 301, valve seats 385, 380 nmay be

CONfnb Py %sﬁaﬁuﬁ%%m&atﬁ B GnibBdiHER, HeMRS® insert 301 and the seat
concentration or exanple, conformable seat inserts

400mse'§p§bora@é/bch§oﬁ1ww@rqna%§ﬂa¢ﬁ&h95 gdinhit Figs. 4 and 5.
These seat inserts 400, 500 may be configured to

di sfgpsHut echhifus %r\%ﬁﬁadﬁﬁtlo\ﬁﬁl MRr&kE kKPR, 54 £ﬂd| 5'@‘r'c1dE11‘P101t1'J1 Sneasures
valve i'nserts 10 01 descri bed above. 371]

"b‘AEMfEe 1aRln RRALENHIR Jaf e %§t§§§5’ ) gﬁénflél? QH&%bYé Ral3RS, 380 may

fac at a seat Insert 4 contorma

Efuaé ?‘éﬁu?}g%g n‘%Sthﬁ ﬁo@laﬁgnﬂléﬁ‘?%ﬁl d’alﬁﬁtloﬂ?’gilthg alve 100, 350

con or ma to avol

of ggoﬁs gon Y g{)‘[ﬁ%’?agge Vaﬁ)\;qu%%nltmog lp@rt kh%%hrﬁ( %E:!eqﬁ of hl?e valve

valve |nser dur

o O g8 fuEE S TR oo oy B b Gy Bt ol B e
¢ ?2@@%?@ R R R EpimaREs DB i DR Elénw?af wnd

be rou U|va ent | bsorbed into he S

o e eI g EOa M BE ush sating R SE et 385, 380
hard surface of the valve seat 380 inparting stray
part%%hlate into the conformabl e surface of the valve
insert 301. As a result, abrasive wear on the insert

3010033/ bel@aftﬁs%fﬂhugl regjon gxlieelmay Ry, besigrieusgrhioryvear at a rate

the life of the insert 301lnay be substantially

ext BAUEEs notulsratishpaararehe rat Hevopringg afliagwy s3Ik contact

the seat insert 500 are both of a polynmer materi al

suchithghyralypapsert [10030]. Ot ithuhegalke tinsedHl 1t i3@hanpay be of a

reference to Figs. 4 and 5, additional neasures may be

t akemforeible| maenad ap motodalineargea vy 385tcd380ss Malwkar, on such an

the val ve seat 385, 380 may
adjacent region of the valve seat 380, 385. In the embodiment shown, such an adjacent
region would be at the seat insert 400, 500. However, even in circumstances where no
conformable seat insert 400, 500 is employed, a robust region 450, 551 of greater
robustness than its adjacent region may be employed so as to avoid significant
differences in the rate of wear between the robust region 450, 551 and its adjacent
region. In one embodiment, the robust region 450, 551 may be of tungsten carbide or a
ceramic material of greater abrasion resistance than its adjacent region. Similarly, the
adjacent region may be of a hardened steel or a polymer such as urethane, as in the case
of the seat insert 400, 500 detailed above.

[0034] Continuing now with reference to Fig. 6, multiple positive displacement

pump assemblies 600 are shown employed in conjunction with the above described
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i nclude a robust region 450, 551 for alignnent with a
portion of the valve 100, 350 devoid of any
wW@B0893ebl e val ve insert 101, 301 (e.g. the sSPCT/KE2008/051359

face 281 of the valve 100 as shown in Fig. 2). Thus,

as the seat 385, 380 is repeatedly struck by the valve
100, 350 and particul ate repeatedly sandw ched at the
interface over tinme, wear and abrasion may

neverthel ess be held to a mninmum extending the life

of &@@n@g@ﬁo 38he as3&fblick 320,f600[2R0B3drt bNglpRFalIREraRBHS tystem at

region 450, 55 1 may even ‘be configured to wear at a

rat g §iltRlid 6AeSThBBhmp YRShBIsi3ab] 00exeLEishrdib & Heai;e%n @bout 700 and
wear in an adjacent region making contact with the

\égllélt%u{ Ne&y ltly%dlagl%c h§1@ép0w-gpﬁ)tprbﬁe-l att Qﬁas\f\@e' ¥fd bS8 2 WOF 625. The

a conformable material as noted,

' ”PQJr£S1Jé9ﬂ195"6¥0 cb{&ﬂlﬁ e{ﬂ)%ssuémgs éﬁgrceﬁ)ﬂm\% lfﬁaft]er ﬂor bauxite for

adj acent region o 've seat 385. In

e”bé? gjﬁlﬂﬁﬁg %’bﬁ%ﬂ\qﬁe 8@& g&g%ngbﬁtg%ﬁd@{‘ure[bigb%p é’f@%ldthgepr%otlon of

t he se Wever, even

cir conformabl e seat insert 400,
5OOﬁ%ﬁl&a%%ﬁ?eCOV QSF%%ust regi on 450, 551 of greater

f°bt@%aszfaf UFD PSS TR BB LS e
o Beght HFEly s iR Raipsa sty heafasré‘)?%gthé%&f%iapoﬁhis may
o beRds g ngIEaﬁ?érforﬁfﬂlﬁitgﬁ?%wﬁﬁr&%Og aRies e cqigies 310, 600, A
of Bonsr 40f Bu” Shectavumeat oy e Suehad ?pm s druac
|n t he case of the seat |nsert 400, 500 det ai

aboffectungopaTation machh assegbls o’wmqorfn%gwm'éetwemb@ut %000 and
nultlple $OS|t|ve d|5flacenent punp assenblies 600 are

shotiPue hpP YR o mosdnf iscasi whvenul 0 3ph strikp sgpgs 385, 380 within each

descri bedassenbly 310. The assenblies 310, 600 are a

par #ssgpbly 3} QdpMlap cxtreme pmopgefsyisssetn @ncatiated |af peghgvalve-seat

601. The punp assenblies 310, 600 may operate at

bet testacabPud 75766 Bigsl 1-5). Nevertheless, with added reference to Figs. 1-5, the
rate of deterioration of valve-seat architecture for each assembly 310, 600 may be
dramatically reduced through use of features detailed hereinabove. Thus, the useful life
of valves 100, 350, seats 385, 380 and their respective assemblies 310 may be
extended. As such, compromise or added strain on adjacent assemblies 600 may be
avoided for a fracturing operation as depicted in Fig. 6.
[0036] The above embodiments of valve-seat architecture may be employed to
extend the life of valves and related equipment for positive displacement pump
assemblies that are configured for pumping abrasive fluids. Thus, the need to

disassemble pump equipment in order to monitor the condition of pump internals may

be reduced. Indeed, extending the life of such abrasive fluid pumping equipment may
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about 2,000 hydraulic horsepower to propel an abrasive
fluid 610 into a well 625. The abrasive fluid 610
W@0UBAB93$2 a proppant such as sand, ceram c nmat BCT/EB20@8051359
bauxite for disbursing beyond the well 625 and into
fracturable rock 615 for the pronoti on of hydrocarbon
recovery therefrom [0035] In addition to the six punp
assenbl i es 310, 600 shown, other equi pnent may be
directly or indirectly coupled to the well head 650

f or inkhi@e MRRICRY o Rubsthhtiad pFRYntioR Gl HRl@ceurfEd §0)aflcbdaks bPEpposed
fluid conmuni cati on between the assenblies 310, 600. &)

bl epdehp16 9 eMA NP Reko8utRBRALABY, al so be present.
In total; for such a hydraulic fracturing operation,

eac(pogpsenphy pég&’ingesg)%c i Siiéngfr%g‘ SLa FreRBIWEEIH ARQMce to presently

2,000 and about 15,00 or nore. Thus, as val ves

1oopreigéo d %Mbioéfiﬁleﬁﬁ.at Berdfie skt thﬁJ‘ L aﬁ@qgch?ﬁl% (l) Yvhich these

310, an extrene anount of stress iIs concentrated

i : i 7 7 i 9S. 1e B
ey AR B DB ASCUIT PR GRESABLEE m dpBlisred
t ' ' . val ve- . i , _
bR e PN PP Bl amin
thertgartiprre SR VoS of o Faub R BT e Kl Sydeupgrenta

hei ' nbl i es. 31 b d.
Ec, u g%o’rmp(rﬁ)e ?}B? gr:q: d\é]glc‘%ﬁ %graltﬁleaé %ilfpr q% qgﬁosgcg tho)éli ﬁtr\]fgl%e msert. However,

assenblies 600 ma e avoided for a fracturin )
o oI S BT B8 PHCHes SurttsS vt oyitiend thgggs mechanism or

enbodi ments of val ve-seat architecture may be enpl oyed

to %tg?reﬁlacum{%rewafl OB OYAN \BY Qﬁdemré%@e@aéam ﬁﬁénémf%lﬁmuou&

positive displacenment punp assenblies that are .

contV et ofr Sithepi "ﬁ%ﬁ%i cafigprgtiens thrppghout tthe Yadieq insert.

to di sassenbl e punp equi pment in order to nonitor the

conbiitthesnoref thy fprseqing dessEPEonnEpuldenct dgyeatdas peigiarg, only to the

extending the life of such abrasive fluid punping

equPISHEh Btrypgy e desgdlecdt #nsl shoivapy ino the sagpermizamy ing| drawings, but rather

preventi on of the occurrence of val ve | eaks as opposed
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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to sinply acoustically nonitoring | eak occurrences.
[ 0037] The precedi ng description has been presented
Wowaok/183®ier ence to presently preferred enbodi NRECIE/BB2008/051359
Persons skilled in the art and technol ogy to which
these enbodi ments pertain will appreciate that
alterations and changes in the described structures
and met hods of operation nay be practiced w thout
meani ngful Iy departing fromthe principle, and scope
of thgasgsenbodi nents. For exanple, circunferentia
conponents are depicted herein as unifornly disposed
abowt. @a%al ve insert. However, alternate enbodi nents
of a concave surface, rounded abutnent, core nmechani sm
or other circunferential conponent may be enpl oyed
that are of a discontinuous, asymmetrical, or other
nont.uni fApimp aRbmblycampiding: hr oughout the val ve insert.
Furt hernore, the foregoing description should not be
Tead as Peiicaktsti Nng only to the precise structures
described and shown in the acconpanyi ng draw ngs, but

sather S.Jfkcawcctobserﬂﬁs%aghmﬂ&al@%w sigent with and as
support for the follow ng clai ms, which are to have

fheir fullBghmandviiad he&stabdeRR \@*ﬂe‘lf@@o%ctgg%hlmvaﬂve sét during
punp assenbly conprising: a valve seat; a valve for

STk Rfingaath dAtRaHE Hlve ARG @Vﬁlgafc%ﬁm}%keﬁtmbfﬁsonem t0
I nsert about said valve for contacCting said val ve seat

ﬁ ur feﬁgce rQ(ﬁal%‘irﬁlln Kk H&brn‘fa@bg oF QN QhRRLSe VY ﬁsérﬂg)gﬁ the striking.

aving a circunferential conmponent to reduce
strain of deformation of said confornable val ve insert
upon the striking. 2. The punp assenbly of claiml

whep ei N BipmpakbmbsaiTRIiS 8 SviRrdiL&RBwlfe®omprises a recess for

2 accommodating said conformable valve insert and an exposed strike face adjacent said

3 conformable valve insert for directly meeting said valve seat during the striking.

1 3. The pump assembly of claim 2 wherein the circumferential component is one
2 of:
3 a concave surface reducing an outermost profile of said conformable valve

4  insert to less than a profile of an outermost edge defining the recess; and
5 a rounded abutment to initiate the contacting in a tapered manner in advance of

6  the meeting.

1 4 The pump assembly of claim 1 wherein said circumferential component is a
2 core mechanism disposed within said conformable valve insert and of a greater energy

3 absorbing character than an adjacent body of said conformable valve insert.

1 5. The pump assembly of claim 4 wherein the core mechanism is an air filled coil.
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accommodati ng said confornmable valve insert and an
exposed stri ke face adjacent said confornable val ve

WO p8nsIsinr directly neeting said val ve seat deeT/IRpOedMS1359
striking. 3. The punp assenbly of claim2 wherein the
circunferential conponent is one of: a concave surface
reduci ng an outernost profile of said conformable
valve insert to less than a profile of an outernost
edge defining the recess; and a rounded abutnment to
initiate the contacting in a tapered manner in advance
of the neeting. 4. The punp assenbly of claiml
Wheé.ei n Beipdmpiascmbfyerfeiim alforqmmporgefhtid ihsough @ dyéraulic fracturing
mechani sm di sposed within said conformabl e val ve
2 nsenteneadn ofifidd.gr eat er ener gy absorbi ng character
than an adj acent body of said confornmable val ve
insert. 5. The punp assenbly of claim4 wherein the
core nechanismis an air filled coil.6. The punp
hssénbl yThsfpugipapsemblyf ofrclapn gpiheepif tha pemp hysempl isa first pump
hydraulic fracturing systemat an oilfield. 7. The
bunpsasde iy the by drellgifracBring eseimfutthe comppscagslessbbne i s
a first punp assenbly and the hydraulic fracturing
3y shaghbbting prenp seavly sepledtto thedisst pome assemylybor i ng punp
assenbly coupled to the first punp assenbly. 8. The
punp assenbly of claim®6 mherein the fluid includes an
abrasi ve proppant therein. 9. punp assenbly
tonpri siHy: pualp@mm@}wﬁ@la@n@awh%m ?hg élpid;ingjudes piy ebrifave migppant
an exposed strike face adjacent a circunferentia
?ecthswsint 0 accommodat e sai d conformabl e val ve insert;
and

I 9. A pump assembly comprising:
2 a conformable valve insert;
3 a valve having an exposed strike face adjacent a circumferential recess to

4 accommodate said conformable valve insert; and

5 a valve seat to accommodate striking of said conformable valve insert and the
6  exposed strike face thereat, said valve seat having a robust region aligned with the

7  exposed strike face and an adjacent region aligned with said conformable valve insert,

8  the robust region of abrasion resistance exceeding that of the adjacent region.

1 10. The pump assembly of claim 9 wherein the robust region is of a material

2 selected from a group consisting of tungsten carbide and a ceramic.

1 1L The pump assembly of claim 9 wherein the adjacent region is of a material

2 selected from a group consisting of hardened steel and urethane.
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a val ve seat to accommodate striking of said
conformabl e val ve insert and the exposed strike face

WQ b@sa3u342 sai d val ve seat having a robust regiBCI/IB2008/051359
aligned with the exposed stri ke face and an adj acent
region aligned wth said conformabl e val ve insert, the
robust region of abrasion resistance exceedi ng that of
t he adjacent region. 10. The punp assenbly of claim9
wherein the robust region is of a material sel ected
froma group consisting of tungsten carbide and a
ceramc. 11. The punp assenbly of claim9 wherein the
hdj & entTheggimprasiembdf of@laim Vevhesdin i@l @nfeolalle oavaingrowgmprises
consi sting of hardened steel and urethane.12. The punp
as sedibdunfatntial ednpddemheredidge redialdtreiant defomitien vBdaubconformable
insert conprises a circunferential conponent to reduce
3 adiale iatdiaipon efe safier mat i on of said conformabl e val ve
i nsert upon the striking. 13. The punp assenbly of
claim 12 wherein said circunferential conponent is one
of : a concave surface reducing an outernost profile of
bai tB.conflemuaiplasscwdlyve clairs é2 whtigin seslsicmaferatiplrcofmpbeent is one
of an outernost edge defining the circunferentia
Y ecess; a rounded abutnment to initiate striking of the
conformabl e val ve insert at the valve seat in a
1 aper ed saxanost surfacaddaciog andutatiosiqirofije of saich@niamulde valve
seat by the exposed strike face; and a core nmechani sm
4di spheaed [ank thah  padtildo ariutimedd bézevrliviag thesatimrdtigfredss;
greater energy absorbing character than an adj acent
body of swinttctanitmenmab iftidadtiieing 6S@E tonfdrhabld vANEThsert at the
assenbly for punping an abrasive fluid and conpri sing:
@ VadVBsestEath tapered manner in advance of striking of the valve seat by the exposed

7  strike face; and
8 a core mechanism disposed within said conformable valve insert and of a
9  greater energy absorbing character than an adjacent body of said conformable valve

10  insert.

1 14, A pump assembly for pumping an abrasive fluid and comprising:

2 a valve seat;
3 a conformable seat insert disposed at a surface of said valve seat; and
4 a valve having a conformable valve insert exposed at a surface thereof for

5 striking upon said conformable seat insert.

1 15 The pump assembly of claim 14 wherein said conformable seat insert and said

2 conformable valve insert are of a polymeric material.
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a conformabl e seat insert disposed at a surface of
sai d val ve seat; and a valve having a confornable

W 200883935 ert exposed at a surface thereof forPGI/IB26RISNGF1359
upon sai d conformabl e seat insert. 15. The punp
assenbly of claim 14 wherein said confornmabl e seat
insert and said conformable valve insert are of a
polynmeric material.16. The punp assenbly of claim 14
wherei n said confornable valve insert conprises a
circunferential conponent to reduce radial strain of
deformation of said conformable valve insert upon the
Bt r iki nglhepimpAssealbiyeofictaim a4 phsictni sael cdhfophadeyadvt insert
punp, the valve conprising: a head having a recess
2 hecaqhned a drdméoaitiarongdndnd to stude kadid s@aiv af defora@ddn of said
within the positive displacenent punp; and a
Tonéaferahble vyiat itgert MsAIrthe @iilgposed within the recess
for contacting the valve seat during the striking and
having a circunferential conponent to reduce a radial
strain of deformation thereof upon the striking. 18.
ThelXal v vaie Bir aippsith® dipdaceinent paing, thewdvd eontphieng:
conpri ses an exposed stri ke face adjacent said
Zonf or nedbliced halinga tense therehloout did @ofifyredroe strikiggtalvelve seat within
val ve seat during the striking, the circunferentia
T onyhe pesitivehkiphgemera pofp; amdconcave surface reduci ng an
outernost profile of said conformable valve insert to
4 ess t haicoafopmeble b&voinsandigisbelrwitsi the dgessdef dontabiigng thevalve
recess; a rounded abutnent to initiate the contacting
5N &al Ap@E et sinedndihaviagy anaenforkntidl eompabhtng redastth @dial
core nechani sm di sposed within said confornable val ve

6 NS @falin dWRfRMhaPnIh@asRboLMEk@Kingbsor bi ng charact er
than an adj acent body of said confornmable val ve

1 18 The valve of claim 17 wherein said head further comprises an exposed strike

2 face adjacent said conformable valve insert for directly meeting the valve seat during

3 the striking, the circumferential component being one of:

4 a concave surface reducing an outermost profile of said conformable valve

5 insert to less than a profile of an outermost edge defining the recess;

6 a rounded abutment to initiate the contacting in a tapered manner in advance of
7  the meeting; and

8 a core mechanism disposed within said conformable valve insert and of a

9  greater energy absorbing character than an adjacent body of said conformable valve

10  insert.

1 19. A conformable valve insert for sealing against a valve seat of a positive
2 displacement pump, the conformable valve insert comprising a circumferential

3 component to reduce a radial strain of deformation thereof upon the sealing.
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insert. 19. A conformable valve insert for sealing
agai nst a valve seat of a positive displacenent punp,

W@ b@sasnsinr mabl e val ve insert conprising a PCT/IB2008/051359
circunferential conponent to reduce a radial strain of
def ormation thereof upon the sealing.20. The
conformabl e val ve insert of claim19 wherein the
positive displacenment punp conprises a valve having a
recess to acconmodate the conformable valve insert and
configured for striking the valve seat with an exposed
stri ke face adjacent said confornable valve insert,

t he2@i r cirfcenforrhibédd vahanpenefitiame il hyhone tif posaive diaplaseaent
surface reducing an outernost profile of said
Zonputpredohpeisssad wobvel hagiap b réoosslte s ommidata theroofifol@abdd vadwe insert
out er nost edge defining the recess; a rounded abut nent

1 0 amli dohAgieed foestsiRial kHegalve séut tvihan eghosEdsigite fade adfivancad

of striking of the valve seat by the exposed strike

§ acesnf@n@bla veInE tsére elaiic siTesinsiplas e oidnt bdiiy Gl od:
conformabl e val ve insert and of a greater energy

@bsor bi ngeombat aeRE rddddng aNo@eheEb1ilb 8ek¥aiddonFRgble valve
conformabl e val ve insert.

6  insert to less than a profile of an outermost edge defining the recess;

7 a rounded abutment to initiate the sealing in a tapered manner in advance of
8  striking of the valve seat by the exposed strike face; and

9 a core mechanism disposed within said conformable valve insert and of a

10 greater energy absorbing character than an adjacent body of said conformable valve

11 insert.
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