VALVE-SEAT INTERFACE ARCHITECTURE FIELD [0001]JEmbodiments described relate to valve
assemblies for positive displacement pumps used in high pressure applications. In particular,
embodiments of a conformable valve seal or insert and configurations of a valve seat are described to
make up a valve-seat interface. BACKGROUND [0002]Positive displacement pumps are often
employed at oilfields for large high 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
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FIELD

{0001] Embodiments described relate 1o valve assemblies for positive displacement
pumps used in high pressure applications. In particular, embodiments of a conformable

valve seal or insert and configurations of a valve seat are described ¢ make up 2 valve-

seat interface.

BACKGROUND

[0002]  Positive displacement pumps are often employed at oilfields for large high
pressure applications invoived 1n  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 & 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 displacernent pump is generally employed.

[6063] Positive displacement purnps may be configured of fairly large sizes and
employed in a variety of large scale oilfield operations such as cementing, coil bing,
water jet cuting, 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 1o 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 purnps.

[0004] As is often the case with large systems and industrial equipment, regular
monitoring and maintenance of positive displacement pumps mav be sought to help

ensure uptime and increase efficiency. In the case of hydraulic fracturing applications,



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. [00041As 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, a p%&m%p%eewﬁ%@ Atayelandaperaling faran.exiepded petipd Qhlime, say six
to twelve hours per day for more than a week. Over this time, the pump may be susceptible to wearing
components suchsasithe ey alapmentdief interad aive:leaks. This iqRamieUasyehcancarn at
conformable valve inserts used at the interface of the valve and valve seat. Therefore, during
downtime in the operapidn: tihevpamyy wienpbesmhanesdllysitspetetrenterndliyronthkelvapaksto examine
the internal condition of the valves and inserts. In many cases the external manual inspection fails to
reveal defects. AltCFHafiVATCYALE the e iy %Wg&ﬁéb’é VafTELe? mdpebtivincthelie often

replaced wholesalga{egar less of ope[ratin condition, whether o%gof habit or for a lack of certainty.

Thus, there is the ek that TR Do Wil Sither it e T s &AL N B RTRYRAIVES or that
effectively operablg yalyes Apd-inserisil b6 Reed!sssly discarded [0A0RILhe significgnge of risks
such as those described above may increase depending on the circumstances. In the case of

hydraulic fracturing=applitaiiaess suchas thaseraiedaovaneondilions may Berteseatihat can both
increase the likelihood of pump failure and increase the overall negative impact of such a failure. For

example, the conféimmbie shatonecofithemalyadisertisthateratgetofuige@ndiwbay atthdiedges over

time due to repeated striking of the valve seat. Additionally, the use of an abrasive containing fluid in
hydraulic fracturingFRBEEK Fedk Sagp datierpBRIAtN® e ddcg e uBatiatcabRMERDH AT8Tta ke to degrade
the conformable vakve inserts Qyer time as abrasi articles are sandwiched hetween the inserts and

iv
the valve seat as tPnec\?iét?étégrepealiséé@er§tfﬁ<§setﬁgks%égf.tgeugﬁr?i% %gﬁb‘ﬂ‘ﬁ SN fefkage may
result in failure to sgal,he.chamber affhe pump Rerhapswiinghoylone %;‘Pdsf%sl‘é" Segﬁlptogse

depending on the particular parameters of the application. Once the chamber fails to seal during
operation. the pumpaaithgeartatysdail in relatively short order.

[0005]  The significance of risks such as those described above may Increase
depending on the circumstances. In the case of hydraulic fracturing applications, such
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
contaiming fluid in hydraulic fracturing not only breaks up underground rock, as
described above, it also tends to degrade the conformable valve inserts over time ag
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 partucuiar parameters of the application. Once the chamber fails to

seal during operation, the pump will generaliy fail in relatively short order.
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100061Furthermore, the ramifications of such an individual pump failure may ultimately be quite
extensive. That is, hydraulic fracturing applications generally employ several positive displacement
pumps at any given well. Malfunctioning of even a single one of these pumps places added strain on
the remaining pumps, perhaps even leading to failure of additional pumps. Unfortunately. this type of
cascading pump failure, from pump to pump to pump, is not an uncommon event where hydraulic
fracturing applications are concerned. 100071Given the ramifications of positive displacement pump
failure and the demand for employing techniques that avoid pump disassembly as described above,

efforts have beenjgoaéle to myaluatethecqndiionioha positite displacamedRpmpdiringoperation
without taking it apart for inspection. For example, a positive displacement pump may be evaluated

during operation hjienygloyingein asousiie. SETisOr isphplzahta thecpuimp affieacotsiimseisor may be
used to detect high-frequency vibrations that are the result of a leak or incomplete seal within the

chamber of the p&BIER dRsErACEnBME pUANprauel &1k Feiny tie Pretirsor i peHIgfe as noted
above. [0008]UnfortunateI¥, reliance on the detection, of acoustic data in order to address developing

leaks at the valve S8t HBEITAE A5 S OHBEH BT I4ML WU STHRASHETERSANERY SFIEHKS in an
operating pump. That '1%;@1 Q%tiﬁﬂ%ao'f”@ﬁiﬂgngpéﬂ%rﬁes.th%%B(%ﬁi%%\ﬁﬂh‘??%»iengtm ggg&%potential
affor the pump off-

leaks. While this may an operator time to take Iné’in order to address the potential

leak, there remaing,Ap effaclivemARRCT PRIEHioveic Shedaak b Sk RIage withaut the need of

taking the pump off-line. Thus, at a minimum, even where a catastrophic leak is avoided due to early
acoustic detectiontdomtintirreliostitie purypatissue still results. There remains no substantially
effective manner in which to avoid leaks at the valve-seat interface in an operating positive

displacement punIBY1 whichvabrisivesigraisnmpedeiiiva éontererablervanefiHsertaadeployed.
SUMMARY

demand for employing techniques that avoid pump disassembly as described above,
efforts have been made to evaluate the condition of a positive displacement pump
during operation without taling 1t apart for inspection. For example, a positve
displacement pump may be evahiated during operation by eroploving an acousuc
sensor coupled 1o the pump. The acoustic sensor may be used to detect high-frequency
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 té avold 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 m order o address the potential leak, there remains no
effective manner in which 1o avoid the leak in the first place without the need of taking
the pump off-line. Thus, 4t & 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 0 avoid leaks at the valve-sea: interface in
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[0009]A pump assembly is provided. The pump assembly has a valve-seat interface with a valve
having a conformable valve insert about the valve and a valve seat defining a fluid path through the
assembly. The conformable valve insert is configured for striking the valve seat for closing the fluid
path and includes a circumferential component to accommodate deformation thereof upon the striking
of the conformable valve insert upon the valve seat. BRIEF DESCRIPTION OF THE DRAWINGS
[0010]Fig. 1 is a side view of an embodiment of a valve for a pump assembly. [0011]Fig. 2 is a side
cross-sectional view of the valve of Fig. 1 taken from section 2-,. [0012]Fig. 3 is a side cross-sectional

view of an embodum%%a&enpﬂmmsaﬁg@ym%mp@mp e yalte BLEQ. [033IFIg: 45 n enlarged

view of a valve-seat mterface taken from 4-4 of F
conformable valve insert is employed.

SUMMARY

[6009] A pump assembly 1s provided. The pump assemblv has a valve-seat
interface with 2 valve having a conformable valve insert about the vaive and a valve
seat defining a fluid path through the assembly. The conformable valve insert is
configured for striking the valve seat for closing the fluid path and includes a
circumferential component 10 accommmnodate deformation thereof upon the striking of
the conformable vaive insert upon the valve seat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0610] Fig. 1 is a side view of an embodiment of & valve for 2 pump assembly.
[6011] Fig. 2 is a side cross-sectional view of the vaive of Fig. 1 taken from section
2-2.

[0812]  Fig 3 is a side cross-sectional view of an embodiment of a pump assembly
empioving the valve of Fig, 1.

[6013] Fig. 4 is an enlarged view of a valve-seat interface taken from 4-4 of Fig,

tad

[0014] Fig. 5 is an enlarged view of & valve-seat mterface taken from 3-5 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 1o certain high pressure positive
displacement pump assemblies for fracturing operations. However, other positive
displacement pumps may be emploved. Regardless, embodiments described herein

emplov a valve-seat interface wherein a valve or & valve seat are configured with a



[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

component for accommodating the deformation of the valve or seat upon a striking of
the valve upon the valve seat.

[o01™n Referring to Fig. I, an embodiment of a valve 100 is depicted for use in 2
pump assembly 310 as depicted In Fig. 3. As such, the vaive 100 is of a standard
positive displacement valve configuration with a head 180 coupled to aligning legs 123
therebelow. However, the valve 100 of Fig. 1 alsc includes an embodiment of &
conformable vaive msert 101 disposed about the head 180. The conformable valve
insert 101 may be made of urethane or other conventional polymers. However, as
described below, the conformable valve insert 101 is configured to accommodate
deformaticn of the vaive insert 101 upon the swriking of the valve 100 and insert 101 at
a valve seat 385 as depicted in Fig. 3. In this manner, the life of the conformable vaive
insert 101 may be extended in the face of pumped abrasive fluids and repeated striking
of the valve 100 and insert 101 at the valve seat 385. Thus. the life of the vaive 100
and pump assembly 310, as well as neighboring assemblies 600, may similarly be
extended as detailed hersinbelow {see Figs. 3 and 63,

[0§18) As indicated, the conformable valve insert 101 depicted in Fig. | is
configured to accommodate its own deformation upon striking of a valve seat 385 as
shown in Fig. 2. In particular, the insert 10! is configured with at least one
circumferential component to reduce swress concentrazion and accommodate its own
deformation. As shown in Fig. 1. these components may include 2 concave surface 150
and & rounded abutment 175, With reference to vertical hne 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 vaive
head 180, As depicted in Figs. 1 and 2, the outermost edge of this recess is found at

vertical line /-i, which also happens te correspond with the outermost edge of the vaive

Lh



component for accommodating the deformation of the valve or seat upon a striking of the valve upon
the valve seat. 100171Referring to Fig. 1 an embodiment of a valve 100 is depicted for use in a pump
assembly 310 as depicted in Fig. 3. As such, the valve 100 is of a standard positive displacement
valve configuration with a head 180 coupled to aligning legs 125 therebelow. However, the valve 100
of Fig. 1 also includes an embodiment of a conformable valve insert 101 disposed about the head 180.
The conformable valve insert 101 may be made of urethane or other conventional polymers. However,
as described below, the conformable valve insert 101 is configured to accommodate deformation of
the valve insert 1Gik4dp@0, thersiikinghafithRvahie-d00rand nsart 1Rk H.axalve 88ak385 gs depicted in
Fig. 3. In this manner, the life of the conformable valve insert 101 may be extended in the face of
pumped abrasive fhiid® andnepested striking ofrtheMalye-100ianddnserb1 @k abibevalyRseat 385.
Thus, the life of the valve 100 and pump assembly 310, as well as neighboring assemblies 600, may
similarly be extendét dd¥dtaticBerarainpafolr eearigarBend Ghqooes] MY indfcatediltibaconformable
valve insert 101 d?ﬂie%te intFifg.E;t is c?nfi uredgto accommodate its own deformation upon striking of a
BSOS BRI

WA N B at “iHE T EEYE TS % rtigured with at least one

valve seat 385 as shown'in
circumferential cofgpgient {34 g SUESR.CONGENLRNON.ANG aacommadale fis au defgrmation. As
shown in Fig. 1. these components may include a concave surface and a’rounded-abutment 175.

With reference to vgitisal lingat4, e GoncavasuircentSOrinpaticuasmay be futherdefined. For
example, with added reference to Fig. 2, the conformable valve insert 101 is configured for fining

within a recess of theviialyehheapedi@0ceAs depictedtinskigsact and Acthelantermasteage ofithis recess
is found at vertical line i-i, which also happens to correspond with the outermost edge of the valve
head 180. Howevef iRiSipBthe qaire dsREtattibes it ap fasfirthaicthe Serimel Falldaib extend
outward as far as verti\g}gl.lineé—i at the I% tion of the concave surface 150. That is, at the location of

the concave surfade 1By thETREEAF TGS BERSTOHIS THET BReY dhay 4 afErHEY Afe HEst 180 (e.q.
at vertical line /- 100191, The, reduced profile of the conformable v %Ivgairrrlgg%%lﬂgr%\@ d ?y the
nir of tF ert-101

concave surface 150 is present about the entire circumiérehce of the Ins provi mg(;) he

appearance of a grpaMe AL s Sistace O%&%ﬁhﬁwaﬁmwy&é Rearbdal stikas against {he valve
101 fai

seat 385 as shown in Fig. 3, deformation of the insert Is to result in undue outward bulging of
the insert beyond theyvelyechemdi80s (ice bubsitigafhkneyi-Bxtendimg significanhd egeeelcSuskdulging may
be damaging to the insert 101. However, the presence of a circumferential component such as the
concave surface 150Whay¥&lpHs rafminieesstiess bli§imedupereby ertemmiirydhadité ofaie ifisert 101.
Stated another waﬁ, he con&abve su%?ce 150 reduces the_concentrated ra{()joial strain of deformation felt

through the insert 101" 0B6H ?ﬁgﬁ{& 18 W0 Y pppon striking of the valve 100,

0820 Continuing with reference to Fig 2, with added reference to Fig. 3, the
concave surface 150 as described above i1s shown, Additionally, the above noted
rounded abutment 175 may be detailed with reference 1 diagonal line #-#. Again, the
rounded abutment 175 is & circumferenual component about the conformable vaive
insert 101. In this case, the rounded abutment 175 is the portion of the insert 101 which
is configured for directiy striking the valve seat 385. In fact, the rounded abutment 175
extends below the diagonal line i~/ such that it is the first component of the vatve 100
to strike the valve seat 385, That 1, as depicied in Fig. 2. the diagonal line #i-if is
aiigned 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
described above is shown. Additionally, the above noted rounded abutment 175 may be detailed with
reference to diagonal line 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 if-if 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 if-if is aligned with the strike face 281 of the valve
head 180 which is-thepshagainst the yabimsaal:-385;duling aparation.ata Rump.asFenbly.310 as
depicted in Fig. 3. Thus, by extending below the diagonal line liii, the rounded abutment 175 actually
makes contact withothemveivaireahd8sat ativancemnt hrsitkadase 281 whibewalveaaad 180. [00211
In addition to contacting the valve seat 385 of Fig. 3 in advance of the strike face 281 the rounded
abutment 175 indd@¥ providesddirsurdedhvommest shape toathié stikizg suridvaof ehévconisrmable
valve insert 101. Thus, the valve insert 101 transitions into contact with the valve seat 385 in a tapered

manner as opposéﬂ?foﬁﬁ%aﬁ?ﬁd THRISHEIEBIY ContaceHRIsYithe LI Fa Stirtiers df thé insert 101.

As such, the impagct on the 1gfonforfn ble vglve nsert 101 IS spread qut over a greater period, thereby
) ) S ¢ surfs the. g : ) IS
reducing strain onqttﬁeullﬁsqel?t ﬁl?Agéltfgﬁé)W,ahwe ﬁ%léeo né\'er'éou}ﬁg dOI;BJﬁtrﬁ’eean‘[[ Wi %ali (g%all surface

area making initiahgagtact with theyalveseaat 38R Leducsgdhe Ukglibeadhata sigpificapt,amount of

proppant or abrasive particles will be squeezed between the insert 101 and the seat 385 at the initial
moment of strike wigingirseaimahiisgraatesbsT thtssnie deterioralingrifesisof proppantion the
conformable valve insert 101 may be minimized. [00221In fact, the benefits of this manner of striking
between the valvetseanE85s ehdhtheviveatioOshvayiaien belimparted tottheestrikeeftcep28ddand the
valve seat 385 to a degree. That is, due to the extension of the rounded abutment 175 to below the
diagonal line as de&ERBEEFYSHRESTAE MM TErsTalGlen Witkotlinthanyerafiourssh sbime , thereby
reducing the deucq %f‘%]rlr‘}lpact bﬁtw n tq_e strike face 281 and tht% }lhaelve seat 3§§%du in%o'gtge strike.

. & Smakl Surrace area makmge initiai cont valve seat T
Thus, the circumferentia componenrfl of A folnded abutment178 provuﬁ‘esB Stress &Sl “to the

valve-seat interfacg i RHnsef fe\AVe5RIN 02 pieYalvE 190:angiiaNalye 5eahitnq

[0023]Continuing with reference to Fig. 2, with added reference to Fig. 3, another circumferential
component of the waivednserinted for seducing:stednimthaitaceohimpackyihasvalve seak 385 is

depicted. Namely, a core mechanism 200 is disposed

: its greatest. Thus, the deteriorating effects of proppant on the conformable vaive insert
101 may be minimized.
{6022} In fact, the benefits of this manner of striking between the valve seat 383
and the valve 100 may also be imparted to the strike face 281 and the valve seat 385 to
a degree. That is, due 1w the extension of the rounded abutment 175 to below the
diagonal line i-/i as described above, the impact of a given strike 15 initzlly feit at the
insert 101, thereby reducing the degree of impact between the strike face 28] 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. 2, another

circumferential component of the valve msert 101 for reducing strain in the face of

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



within the insert 101. The core mechanism 200 may be energy absorbing in nature and of a
mechanical character differing from that of the material of the surrounding or adjacent body of the
insert 101. For example, in one embodiment, the core mechanism 200 is an air filled coil configured to
absorb a portion of the energy of a strike of the valve 100 upon a valve seat 385. The body of the
insert may be of a less energy absorbing material such as the noted urethane. Thus, the more robust
energy absorbing component of a core mechanism 200 may be employed to extend the life of the
conformable valve insen 101 [0024]Referring now to Fig. 3, an embodiment of a positive displacement
pump assembly 31Gramployieg soyalve: LoR witbhasanfmable,yale-ingar:3491 asgascsiked above is
illustrated. The pump assembly 310 includes a plunger 390 for reciprocating within a plunger housing
307 toward and away fronhaaich arirbeng 351 fmithi g manher, ¢htpmge 390teffectswidgihgnd low
pressures on the chamber 335. For example, as the plunger 390 is thrust toward the chamber 335. the
pressure within thé®r&r Beh 3355 isefekiSe d ArsamBepsirftsanesstteh &8 SESIHIBE enough to
effect an opening géé):e disch Jgf vzs}lve 50 t(g allo lease of f|l£d and pressure from within the

r
chamber 335. The“amduht’of presstre eqtired fo %%8% hRGSEHErYS AR 856 85 Fe¥cHbed may be

determined by a disgharge mechaniam a70-such a5.a,.88ring whighJkeeps the discharge yalve 350 in a

closed position (as shown) until the requisite pressure i1s‘achieved in the chamber 335. Inan

embodiment whergghgopumpiassembh 3lnis@mployed img.fractwingoparationfosexample,
pressures may be achieved in the manner described that exceed 2,000 PSI, and more preferably, that

exceed 10.000 PStonmuere. {0025}t hacaboverdestribved plungeio390 alsaefiects difow priessure on
the chamber 335. That is. as the plunger 390 retreats away from an advanced position near the
chamber 335, the FPEESTRSIHESIEENT Hekrease. As the pressure decreases, the discharge valve 350

will strike closed against the discharge valve seat 380 as depicted in Fig. 3. This movement of the
plunger 390 away ?@%ﬁthee&ggﬁﬁ'ﬂ%nﬂﬁggﬁ%ﬁiaﬁ@ FRLGRAT SA ARG S of TR SN B35,

However, as the plunger 399,cantivies Jo.mave,gwAY fram e champer 335, the pressure therein wil

continue to drop, and eventually a [ow or negative pressure will be achieved within the chamber 335.

Eventually, as depigied ip filgadetherpigsssiiadasiaaseonil-RaLnoyetto sifect aaprRaiRg of the
valve 100 (acting here as an intake valve). The opening of the valve 100 in this manner allows the

uptake of fluid into th&:ichashireeIRGsiTheEmovnt chprassufeorequiredio dpen kheahe k00 as
described may be determined by an intake mechanism 375 such as a spring which keeps the intake
valve 100 in a clos&¥ pbarsor Untffesie kedasrdao\wiskeyst e i achiehst A thE Ehemarie. 1535,

00261As described above, iprocating or cycling motion of the plunger 390
[ gle piunger%gg ?sehrust towarc t%%/ clha%ber 335, the presgure \%ithin the chamber 335

is increased. At some point, the pressure increase will be enough tw 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 vaive 350 in a closed position (as shown) until the requisite
pressure is achieved in the chamber 325, In an embodiment where the pump assembly
310 s empioyed 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.

{00251  The above described plunger 390 also effects & low pressure on the chamber

332 That 1s. as the plunger 390 retreats away from an advanced position near the



toward and away from 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 ife of:the v 0 20. ump.assemhly 310 itself, and even neighboring
assemblies 600 agﬂdgglggﬁﬁéaﬁﬁf%\é%%fgv% ?§§§ Iéklgﬁ %ﬁ%i?]grgr%%u%egss\}lvﬁhdreé:free?éeﬁte@] {o Figs. 4
and 5, with added seépinrcaite Fig.wiaeamparisen siskanwn heiweenihe valvesseatinierfaces 475,
575 before and during the strike of a valve 100, 350 at a valve seat 385, 380. In the embodiment
shown, each valverlB@, 35his mautppedoiita plsubstaiitialyetioivale otaardorotable rakevinsert 101,
301. Thus, of particular note is the comparison of the changing morphology of the inserts 101, 301
when moving fronfdYosifidreinafronha divehcvalve sBarsss. as tepittestin Wgomumstriking a valve
seat 380 as depicted in Fig. 5. 100281 With reference to Fig. 4, an enlarged view of the structural

architecture at the VAIvE ¥ al MleHE @ H T R rmploy g RS Hisdifie VIO IR 12%is depicted.
As detalled above. {hgyalve 100 5 afuiRReciil g conformabie valve lnsert A 0fauing ariety of

circumferential componerits configuredto help accommodate its own deformation upon striking of the

valve seat 385. Thadswas daseshedabore, a CorRCaesYIiace a0 uagdadiaRuiment, 75, and a
core mechanism 200 are all incorporated into the insert 101 to help reduce concentrated radial strain

of deformation feltdpmooghf the irise 0l ictipphethexstrikingofdhe vatie dRGiagaifss thievalve seat 385.
When examining the equivalent circumferential components at the valve-seat interface 575 of Fig. 5,
with a valve 350 stfiitgRaeIvoss ragvaiheferavor bf shehbendlve Theer @l dsrapparent.

[0029)With reference to Fig. S5, an enlarged view of the intake valve 350 of Fig. 3 is depicted, Unlike
the interface 475 PRI RS Ht L2 SEat SR s R BIS R PP Aok TaiRsE RV SRR 3B B i Btrikess a

vawe seat 380. Defosrigp 1 (Re soniaimakle v ahee naerL 301 pldfe SUKIDg Xals Seh against the

. 11
valve seat 380 is apparent. Howevér, much of the strain of formation on the nSert is absorbed

by the core mechapnism;bOhanekits-anarae-AksarbingRatiure;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

[0026]  As described above, a reciprocating or cyeling motion of the plunger 390
toward and away from the chamber 325 within the pump assembly 310 conirols
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 & discharge valve seat 380 and of the intake valve 100
against the intake vajve 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 agsembly 310 itself, and even neighboring assemblies 600 as

described further below (see Fig. 6.



detailed above (e.g. 175). now flattened out across the surface of the valve seat 380. Furthermore, a
concave surface of the insert 301 such as that of Figs. 1-4 as detailed above (e.g. 150) has given way
to a more flattened surface 550. That is, as the conformable valve insert 301 is struck against the
valve seat 380, the stress of deformation is radiated outward. However, due to the initial concave
nature of the outer radial surface of the insert 301, a more flattened surface 550 is imparted as
opposed to potentially damaging bulging of the insert 301 as detailed above. [0030]Continuing again
with reference to Figs. 4 and 5. additional components may be provided for reducing concentrated
stress at the interfape 475, ERitnen e inastabaalve 100, 350 stikingayalve s6atL385, 380.
While such components are detailed above with respect to the conformable valve inserts 101, 301,
valve seats 385, 3@@nmaycheschafigiked:to decammedataaratedusessiesmeoncentration For
example, conformable seat inserts 400, 500 may be employed as depicted in Figs. 4 and 5. These
seat inserts 400, 56Tmeyzbeizenfifurét touislibarattisSstéss bf talvebidkes similar. teathe valve
inserts 101, 301 described above. [0031]However, of paotentially greater significance, is the fact that a

seat inseil 400, SOFBF cOMforma I EHBRET AT R4 TRy R L 20 2isse RoRiTmeble SHEBrRdthable
material may help {g,aygid imparting, of abrasive forces of pr nt or particylate intp the valve
insert 101, 301 duriEr)lg ‘a&Vaﬁ/@%tﬁi@ﬁﬁcﬁ%QgﬁE)S%%?ﬁn%%sroéln%etﬁ%%%? rt%‘ﬁé#@vﬂ%’gof%}i?he aligning

surface of the valvisaati 3805t el A SORICKRRRIS BRI 2k ANHRIOPRABE QF RartisHiate frapped at

the interface 575 during a valve strike may be roughly equivalently absorbed into the surfaces of each
feature ( e.g. 301, &DEyesopROosedstaiavingla:-hasd Surfacemfitaenvalye 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 substa$ftidily retidetsforengs ohite Agatincthegtifevofthe thsemeta mayitersubstantially
extended. In one embodiment, the valvgf,insert 301 and the seat insert 500 are both of a polymer
material such as u%ﬁ&ﬁ%’ﬁ%@%‘ﬂ%‘éﬁtiﬁ ERR) s Siditichaererdienn & Brys 14 drfpBosdditional

measures may beﬁgk Dk latjve to the valve seats 385, 380. Namely, the valve seat 385, 380 may
include a robust re'gio%ji1 6(?1 1 for éﬁiéﬁ‘rﬁeﬁg\mﬁh&guﬁ% %ﬁ“ o tf’\é:?/};afﬂlnenﬁ 07356 H5%id% any

conformable valveinggstlQdy 3011k aithe alrkeniase 2810k x%@%%@&ﬁlmam @9 2). Thus,
as the seat 385, 380 is repeatedly struck by the valve 100, 350 and particulate repeatedly sandwiched

at the interface overfimesangod ahkasionmeayineversheessiaeihelditocasninibown,: extending the life

of the seat 385, 380 itself.
surface 150, a rounded abutment 175, and a core mechanism 200 are all incorporated
nto the insert 101 1o 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 equivaient circumferential components at the valve-seat interface 575 of
Fig. 5, with a vaive 350 striking & valve seat 380, the behavior of such z vaive insert
301 is apparent.
[0029] With reference to Fig. 5. an enlarged view of the intake valve 350 of Fig. 3
ts depicted. Unlike the interface 475 of Fig. 4, the valve-seat interface 575 of Fig. 3
reveals & 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 2 period due to the use of & rounded abutment such as that of Fig. 4 and
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[00331Iindeed the robust region 450, 551 may even be configured to wear at a rate that does not
substantially exceed the rate of wear in an adjacent region making contact with the valve insert 101,
301. That is, the valve insert 101, 301 may be of a conformable material as noted, imparting only
limited stress and wear on such an 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:iRhusixeaion 479, aal Andisadiacentiesion-iropermhadinantghe robust

region 450, 551 may be of tungsten carbide or a ceramic material of greater abrasion resistance than
its adjacent regiorf simattasty, themadjacenteegitnmiay:hel 0f arhardethedosiel or-a polgmsrdsuch as
urethane, as in the case of the seat insert 400, 500 detailed above. 100341Continuing now with
reference to Fig. GbgiGitiple poSitikes displav@méntpiog AvsensBlies®ooiafe shtavrseipiyed in

conjunction with the above described assembly 310. The assemblies 310, 600 are a part of a

1

hydraulic fracturin§°SySEAR & B bilfsSH 601, THE BUmPRALseMIiE 5153600 maY ofieatdat between
about 700 and ab%"e’%o%h%ggnh%d%ggy o &)_W%rot\g Vré?,pglllg ?oatgertaf?‘lwglflcu;gcgr]éoni%?eaowﬂé 625' The

abrasive fluid 610 contains a proppant such as sand, ceramic material or bauxite for disbursmg

beyond the well 623and.into fiasauablesogk:630 forthe.Rrametien ef-hydrogarbampesavery
therefrom. (00351In addition to the six pump assemblies 310, 600 shown, other equipment may be

directly or indirectlypposial edrindhe velirtend: 65 for thehoparatiti. Ehisdhdy:tockude a manifold 675
for fluid communication between the assemblies 310, 600. A blender 690 and other equipment may
also be present. INO8&, for Sershung izl aefgrmmg olseragfort, asch. ddaipisy STWBOTMay

generate between about 2,000 and about 15,000 PSI or more. Thus, as valves 100, 350 strike seats

385, 380 within eal L BIIeS 1187 BOEC Bn CRRMTaEhibH 8F LirdesieEohcentfatiePatBach

valve-seat interface 475, 275 £§e ig Ol-fril}(..Nevertihelesg jt%&gdgﬁj‘.{efer nce to F'Igs. 1-5, the rate
; . 1) 2350 o g8 § R
of deterioration of b%ﬁag-gegtvar%%?t@ctﬁre ?or each assem I)s;\%l , 60 ITIIS.)? Cg 8?§%O§t?cgll?§/mreduced

through use of feauligg-dGIHRARECINAREY &re LBHB B WSEIHLIR S vilveRn 100:350, 563t 385, 380

and their respective assemblies 310 may be extended. As such, compromise or added strain on
adjacent assembligsGR@yrbaydas avealde e-fomanftaeturing @petation asndepieten ifdrigk4mf)036]The

above embodiments of valve-seat architecture may be employed to

conformable seat inserts 400, 500 may be employed as depicted in Figs. 4 and 5. These
seat inserts 400, 500 may be configured to distribute the stress of valve stikes similar
to the valve inserts 101, 301 described above,

[0031] However, of potentially greater significance, is the fact that a seat insen
400, 500 of conformable material aligning with a valve insert 101, 301 of conformable
material may help to avoid the imparung of abrasive forces of proppant or particulate
into the valve insert 101, 301 during a vaive swrike. For example, with reference to Fig
3, by allowing for the aligning surface of the valve seat 380 t¢ be of a2 conformable
maierial, any proppant or particulate trapped at the interface 573 during a vaive 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 sway particulate

inte the conformable surface of the valve mmsert 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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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 include the delay or substantial prevention of the occurrence of valve
leaks as opposed to simply acoustically monitoring leak occurrences. (0037]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 structuresang snsthodsofepRkation may de-piastiee hwithautineaninghdiyn departing from
the principle, and scope of these embodiments. For example, circumferential components are depicted
herein as uniformlyneisge8ed: &bbut a vetivechserriHowdverpzitensate embodiments of a concave
surface, rounded abutment, core mechanism or other circumferential component may be employed
that are of a discot®hFdus, GSMHTEHIES 28 E5MRal FIFTRRSPmM brfigtfat sAdHASaGREtURe valve

insert. Furthermore, the foregoing description shoulg.not be read as pertaining only tg the precise
structures describéﬂda %r%dt%%(gvﬁ%v%ﬁ%(%gé&a?r%epsaeﬁgﬁr?gﬁ dr%%in%%?ﬁﬂt?%‘tﬁ%? ‘éﬁoa&rg% e%q? 3o gs

consistent with ang,ag SUPRASLICING Tllowing;slaims, NRICR:S 1R RRYS ML flestgnd fairest
scope. CLAIMS We Claim: 1.A pump assembly comprising:

devoid of any conformable valve insert 101, 301 (e.g the sirike face 281 of the valve
100 as shown 1n Fig. 23, Thus, as the seat 383, 380 is repeatedly struck by the valve
100, 350 and particulate repeatedly sandwiched at the interface over time. wear and
abrasion may nevertheless be held to a minimum, extending the life of the seat 385, 380
itself.

[0033] indesd the robust region 450, 551 may even be configured to wear at a rate
that does not substantially exceed the rate of wear in an adjacent region making contact
with the valve insert 101. 301. That is, the valve msert 101, 301 may be of a
conformable material as noted, imparting oniy limited stress and wear on such an
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 empioved, a robust region 450, 351 of greater
robustness thap its adjacent region may be emploved 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 2 hardened steei or a polymer such as urethane, as in the case
of the seat insert 400, 500 detailed above.

[0034] Continuing now with reference tc Fig. 6, multple positive displacement

pump assemblies 600 are shown employed in conjunction with the above described



a valve seat; a valve for striking said valve seat; and a conformable valve insert about said valve
for contacting said valve seat during the striking, said conformable valve insert having a circumferential
component to reduce radial strain of deformation of said conformable valve insert upon the striking.
2,The pump assembly of claim 1 wherein said valve comprises a recess for accommodating said
conformable valve insert and an exposed strike face adjacent said conformable valve insert for directly
meeting said valve seat during the striking. 3. The pump assembly of claim 2 wherein the
circumferential component is one of: a concave surface reducing an outermost profile of said

conformable valvexinssisttoliesS hassaapiafile 10f aocostesrpestedar defininpiheirecossmand a
rounded abutment to initiate the contacting in a tapered manner in advance of the meeting. 4. The
pump assembly ofanyfsietbi tHdpraoedistgrebdiin s Wheteinmsaicheircumierentiahisonijidnadt is a core

mechanism disposed w}ithin said conformable valve insert and of a greater energy absorbing character
than an adjacent B88Y S8R EBHISTRIESRO VaI R RRRft an abresive fluid 610 nto @ well 625. The

zbrastve fiuid 610 contains a proppant such as sand, ceramic material or bauxite for
disbursing beyond the well 625 and into fracturable rock 615 for the promotion of
hydrocarbon recovery thersfrom.

[0035] In addition to the six pump assembilies 310, 600 shown, other equipment
may be directly or indirectly coupled to the well head 650 for the operation. This may
include a manifold 675 for fluid communication between the assemblies 310, 600. A
blender 690 and other equipment may also be present. In total, for such a hydraulic
fracturing operatior, each assembly 310, 600 may generate between abowt 2,000 and
about 15,000 PSI or more. Thus, as valves 100, 350 strike seats 385, 380 within each
assembly 310, 800, an extreme amount of stress it concentrated at each valve-seat
interface 475, 575 (see Figs. 1-3). Nevertheless, with added reference 1o 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 60C may be
avoided for a fracturing operation as depicted in Fig. 6.

[0G36) The above embodiments of valve-sear architecture may be employved 1o
extend the life of valves and reiated 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



5. The pump assembly of claim 4 wherein the core mechanism is an air filled coil. through a hydraulic
fracturing system at an oilfield. 7. The pump assembly of claim 6 wherein the pump assembly is a first
pump assembly and the hydraulic fracturing system further comprises at least one neighboring pump
assembly coupled to the first pump assembly. 8. The pump assembly of claim 6 or 7 wherein the fluid
includes an abrasive proppant therein. 9. A pump assembly comprising: a conformable valve insert;

a valve having an exposed strike face adjacent a circumferential recess to accommodate said
conformable valve insert; and a valve seat to accommodate striking of said conformable valve

D e AU s Qe g SO IR A o0 B

region of abrasionygsistancaaxeaedingthaloldheadiasent region.
{0037] The preceding description has been presented with reference to presently
preferred embodiments.  Persons skilled in the art and technology to which these
embodiments pertain will appreciate that alterations and changes in the described
structures and methods of operation may be practiced without meaningfully departing
from the principle, and scope of these embodiments. For example, circumferential
components are depicted herein as uniformiy disposed about a valve insert. However,
alternate embodiments of a concave surface, rounded abutment, core mechanism or
other circumferential component may be emploved that are of a discontinuous,
asymmetrical, or other non-uniform configuration throughout the valve insert
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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10. The pump assembly of claim 9 wherein the robust region is of a material selected from a group
consisting of tungsten carbide and a ceramic. 11. The pump assembly of claim 9 or 10 wherein the
adjacent region is of a material selected from a group consisting of hardened steel and urethane 12.
The pump assembly of any one of claims 9 to 11 wherein said conformable valve insert comprises a
circumferential component to reduce radial strain of deformation of said conformable valve insert upon
the striking:L83Mfhe pump assembly of claim 12 wherein said circumferential component is one of:

a concave surface reducing an outermost profile of said conformable valve insert to less than a profile
of an outeNv®&iatye defining the circumferential recess; a rounded abutment to initiate striking of
the conformable valve insert at the valve seat in a tapered manner in advance of striking of the valve
seat by thd .expogetunikessandl npemprisigore mechanism disposed within said conformable valve

insert and of a greater energy absorbing character than an adjacent body of said conformable valve
insert. a valve seat;

a valve for striking said valve seat: and
a conformable valve insert about said valve for contacting said valve seat durmg
the striking, said conformable valve insert having a circumferential component to

reduce radial strain of deformation of said conformable valve insert upon the striking.

2. The pump assembly of claim 1 wherein said valve comprises a recess for
accommodating said conformable valve insert and an exposed strike face adjacent said

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

3. The pump assembly of claim 2 wherein the circumferential component is one
of:

a concave surface reducing an outermost profile of said conformable valve
insert to less than a profile of an outermost edge defining the recess; and

a rounded abutment to initiate the contacting in a tapered manner in advance of

the meeting.

4, The pump assembly of any one of the preceding claims wherein said
circumferential component is a core mechanism disposed within said conformable valve
insert and of a greater energy absorbing character than an adjacent body of said

conformable valve insert.

5. The pump assembly of claim 4 wherein the core mechanism is an air filled coil.

15



14. A pump assembly for pumping an abrasive fluid and comprising: a valve seat: a conformable seat
insert disposed at a surface of said valve seat: and a valve having a conformable valve insert
exposed at a surface thereof for striking upon said conformable seat insert. 15. The pump assembly of
claim 14 wherein said conformable seat insert and said conformable valve insert are of a polymeric
material. 16. The pump assembly of claim 14 or 15 wherein said conformable valve insert comprises
a circumferential component to reduce radial strain of deformation of said conformable valve insert
upon the dtriking The pammasecrobly pbamyengiodearsst punshutrefoapendblitidg: ahead
having a recess thereabout and configured for striking a valve seat within the positive displacement
pump: andlyeugifedusiawigerssnaispesed wteile - recess for contacting the valve

7. The pump assembly of claim 6 wherein the pump assembly is a first pump
assembly and the hydraulic fracturing system further comprises at least one

neighboring pump assembly coupled to the first pump assembly.

8. The pump assembly of claim 6 or 7 wherein the fluid includes an abrasive proppant
therein.
9. A pump assembly comprising:

a conformable valve insert;

a valve having an exposed strike face adjacent a circumferential recess to
accommodate said conformable valve insert; and

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

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

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

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

il The pump assembly of claim 9 or 10 wherein the adjacent region is of a material

selected from a group consisting of hardened steel and urethane.
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seat during the striking and having a circumferential component to reduce a radial strain of
deformation thereof upon the striking. 18. The valve of claim 17 wherein said head further comprises
an exposed strike face adjacent said conformable valve insert for directly meeting the valve seat
during the striking, the circumferential component being one of: a concave surface reducing an
outermost profile of said conformable valve insert to less than a profile of an outermost edge defining
the recess; a rounded abutment to initiate the contacting in a tapered manner in advance of the
meeting; abtl  Ehearemessrmidyredisposae elishaimsaid e dnofsemieseul vonfearabisd afs greater
energy abstrdsirkpetpaisester than an adjacent body of said conformable valve insert. 19. A conformable
valve insert for sealing against a valve seat of a positive displacement pump, the conformable valve
insert comgitismyfarasial nvemrsmeal o regeerrdicl it ohdelgraaian e biaefamiatisrPlaerdst upon the
sealing. 20.The conformable valve insert of claim 19 wherein the positive displacement pump
comprisesinsvalveheiingakisgess to accommodate the conformable valve insert and configured for
striking the valve seat with an exposed strike face adjacent said conformable valve insert, the

circumferential component being one of: o ' _
i3. The pump assembly of claim 12 wherein said circumferential component is one

of:

a concave surface reducing an outermost profile of said conformable valve
insert to less than a profile of an outermost edge defining the circumferential recess;

a rounded abutment to initiate striking of the conformable valve insert at the
valve seat in a tapered manner in advance of striking of the valve seat by the exposed
strike face; and

a core mechanism disposed within said conformable valve insert and of a
greater energy absorbing character than an adjacent body of said conformable valve

insert.

14. A pump assembly for pumping an abrasive fluid and comprising:
a valve seat;
a conformable seat insert disposed at a surface of said valve seat; and
a valve having a conformable valve insert exposed at a surface thereof for

striking upon said conformable seat insert.

Is. The pump assembly of claim 14 wherein said conformable seat insert and said

conformabie valve insert are of a polymeric material.
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a concave surface reducing an outermost profile of said conformable valve insert to less than a profile
of an outermost edge defining the recess: a rounded abutment to initiate the sealing in a tapered
manner in advance of striking of the valve seat by the exposed strike face; and a core mechanism
disposed within said conformable valve insert and of a greater energy absorbing character than an

adjacent body of said conformable valve insert.
16.  The pump assembly of claim 14 or 15 wherein said conformable valve insert

comprises a circumferential component to reduce radial strain of deformation of said

conformable valve insert upon the striking.

17. A valve for a positive displacement pump, the valve comprising:

a head having a recess thereabout and configured for striking a valve seat within
the positive displacement pump; and

a conformable valve insert disposed within the recess for contacting the valve
seat during the striking and having a circumferential component to reduce a radial

strain of deformation thereof upon the striking.

18.  The valve of claim 17 wherein said head further comprises an exposed strike
face adjacent said conformable valve insert for directly meeting the valve seat during
the striking, the circumferential component being one of:

a concave surface reducing an outermost profile of said conformable valve
insert to less than a profile of an outermost edge defining the recess;

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

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

greater energy absorbing character than an adjacent body of said conformable vaive

insert.

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

component to reduce a radial strain of deformation thereof upon the sealing.
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20. The conformable valve insert of claim 19 wherein the positive displacement
pump comprises a valve having a recess to accommodate the conformable valve insert
and configured for striking the valve seat with an exposed strike face adjacent said
conformable valve insert, the circumferential component being one of:

a concave surface reducing an outermost profile of said conformable valve
insert to less than a profile of an outermost edge defining the recess;

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

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

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

insert,
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