
VALVE-SEAT INTERFACE ARCHITECTURE. 

FIELD 

[0001] Embodiments 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 recover}' efforts. A positive 

displacement pump may include a plunger driven by a crankshaft toward and away 

from a chamber in order to dramatically effect a high or low pressure on the chamber. 

This makes it a good choice for high pressure applications. Indeed, where fluid 

pressure exceeding a few thousand pounds per square inch (PSI) is to be generated, a 

positive displacement pump is generally employed. 

[0003] Positive displacement pumps may be configured of fairly large sizes and 

employed in a variety of large scaie 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, 



a pump may be employed at a well and operating for an extended period of time, say 

six to twelve hours per day for more than a week. Over this time, the pump may be 

susceptible to wearing components such as the development of internal valve leaks. 

This is particularly of concern at conformable valve inserts used at the interface of the 

valve and valve seat. Therefore, during downtime in the operation, the pump may be 

manually inspected externally or taken apart to examine the internal condition of the 

valves and inserts. In many cases the external manual inspection fails to reveal defects. 

Alternatively, once the time is taken to remove valves for inspection, they are often 

replaced wholesale regardless of operating condition, whether out of habit ox for a lack 

of certainty. Thus, there is the risk that the pump will either fail while in use for 

undiagnosed leaky valves or that effectively operable valves and inserts will be 

needlessly discarded. 

[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 

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 panicles are sandwiched between the inserts and the valve seat as the valve 

repeated!}' 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 dumig operation, the pump will generally fail in relatively short order. 
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jOOOv] Furthermore, the ramiiications of such an individual pump failure uisy 

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. 

[0007] Given the ramifications of positive displacement pump failure and the 

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 taking it apart for inspection. For example, a positive 

displacement pump may be evaluated during operation by employing an acoustic 

sensor coupled to the pump. Hie 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. 

fOOOS] 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 



an operating positive displacement pump for which abrasives are pumped and a 

conformable valve insert is employed. 

SUMMARY 

[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. 

[0009a] In view of the above, according to a first aspect of the present 

application, there is provided a pump assembly comprising: a valve seat; a valve for 

striking said valve seat, the valve comprising a valve head; and a conformable valve 

insert about said valve head 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, the circumferential 

component partially defining an outermost profile of said valve; wherein the 

circumferential component comprises a curved concave surface reducing said 

outermost profile of said valve and a rounded abutment to initiate contact with said 

valve seat in a tapered manner upon the striking, said rounded abutment extending 

radially beyond said curved concave surface; wherein said conformable valve insert 

does not extend outwardly beyond an outermost radial edge of the valve head. 

[0009b] According to a second aspect of the present application, there is 

provided a pump assembly comprising: a conformable valve insert; a valve having a 
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valve head comprising an exposed strike face and a circumferential recess, said 

circumferential recess accommodating said conformable valve insert; said 

conformable valve insert having a circumferential component, the circumferential 

component partially defining an outermost profile of said valve; and a valve seat to 

accommodate striking of said conformable valve insert and the exposed strike face, 

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; wherein the circumferential 

component comprises a curved concave surface reducing said outermost profile of 

said valve and a rounded abutment to initiate the striking of the conformable valve 

insert at the valve seat in a tapered manner in advance of the striking of the valve seat 

by the exposed strike face, said rounded abutment extending radially beyond said 

curved concave surface; and wherein said conformable valve insert does not extend 

outwardly beyond an outermost radial edge of the valve head. 

[0009c] According to a third aspect of the present application, there is provided 

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 

valve head and a conformable valve insert exposed at a surface thereof for striking 

upon said conformable seat insert; said conformable valve insert having a 

circumferential component, the circumferential component partially defining an 

outermost profile of said valve; wherein the circumferential component comprises a 

curved concave surface reducing said outermost profile of said valve and a rounded 

abutment to initiate the striking of the conformable seat insert in a tapered manner in 

advance of a striking of the valve seat by the valve head, said rounded abutment 

extending radially beyond said curved concave surface; and wherein said conformable 
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valve insert does not extend outwardly beyond an outermost radial edge of the valve 

head. 

[0009d] According to a fourth aspect of the present application, there is 

provided a valve for a positive displacement pump, the valve comprising: a head 

having a circumferential recess and configured for striking a valve seat within the 

positive displacement pump; and a conformable valve insert disposed within the 

circumferential recess for contacting the valve seat during the striking and having a 

circumferential component to reduce a radial strain of deformation of said 

conformable valve insert upon the striking, the circumferential component partially 

defining an outermost profile of said valve; wherein the circumferential component 

comprises a curved concave surface reducing said outermost profile of said valve and 

a rounded abutment to initiate contact with said valve seat in a tapered manner upon 

the striking, said rounded abutment extending radially beyond said curved concave 

surface; wherein said conformable valve insert does not extend outwardly beyond an 

outermost radial edge of the head. 

[0009e] According to a fifth aspect of the present application, there is provided 

a conformable valve insert of a valve 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 of said conformable valve insert 

upon the sealing, the circumferential component partially defining an outermost 

profile of said valve; wherein the circumferential component comprises a curved 

concave surface reducing said outermost profile of said valve and a rounded abutment 

to initiate the sealing of the conformable valve insert at the valve seat in a tapered 

manner in advance of a striking of the valve seat by a valve head to which the 
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conformable valve insert is attached, said rounded abutment extending radially 

beyond said curved concave surface; wherein said conformable valve insert does not 

extend outwardly beyond an outermost radial edge of the valve head. 

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 2-2. 

[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 
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component for accommodating the deformation of the vaive or seat upon a striking of 

the vaive upon the valve seat. 

[0017] Referring 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, trie vaive 100 is of a standard 

positive displacement valve configuration with a head 180 coupled to aligning legs 125 

therebelow. However, the vaive 100 of Fig. 1 also includes an embodiment of a 

conformable valve insert 101 disposed about the head 180. The conformable vaive 

insert 101 may be ma.de of urethafte or other conventional polymer?,. However, as 

described below, the conformable valve insert 101 is configured to accommodate 

deformation of the valve insert 101 upon the striking 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 valve 

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 3E5. Thus, the life of the valve 100 

and pump assembly 310, as. well as neighboring assemblies 600, may similarly be 

extended as detailed herembelow (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 vaive seat 385 as 

shown m 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 vaive 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-U which also happens to correspond with the outermost edge of the valve 



head 180. However. this is not reqiiii sci. Regardless, it is apparent that the ins ex t 101 

fails to extend outward as far as. vertical line i-i at the location of the concave surface 

150. That is. at the location of the concave surface 150 the insert 101 is of a profile that 

is less than that of the valve head 180 (e.g. at vertical line 

[0019] The reduced profile of the conformable valve insert 101 provided by the 

concave surface 150 is present about the entire circumference of the insert 101 

providing the appearance of a groove at its surface. As such, when the vaive insert 101 

strikes against the valve seat 385 as show in Fig, 3, deformation of the insert 101 mils 

to result in undue outward bulging of the insert beyond the valve head 180 (i.e. vertical 

line /-/) to any significant degree. Such bulging may be damaging to the insert 101. 

However, the presence of a circumferential component such as the concave surface 150 

may help to minimize such bulging, thereby extending the life of the insert 101. Stated 

another way, the concave surface 150 reduces the concentrated • radial strain of 

deformation felt through the insert 101 upon striking of the valve 100. 

[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 ii-ii. Again, the 

rounded abutment 175 is a circumferential 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 directly striking the valve seat 385. In fact, the rounded abutment 175 

extends below the diagonal line ii-ii such that it is the first component of the vaive 100 

to strike the valve seat 385. That is, as depicted in Fig. 2, the diagonal line ii-ii is 

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

seat 385 during operation of a pump assembly 310 as depicted in Fig. 3. Thus, by 
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extending beiow the diagonal line ii-ii, the rounded abutment 175 actually makes 

contact with the valve seat 385 in advance of the strike face 281 of the valve head 180. 

[0021] In addition to contacting the valve seat 385 of Fig. 3 in advance of the strike 

face 281, the rounded abutment 175 indeed provides a rounded convex shape to the 

striking surface of the conformable valve insert 101. Thus, the vaive insert 101 

transitions, into contact with the valve seat 385 in a tapered manner as opposed to 

making instantaneous contact across the entire lower surface of the insert 101. As such, 

the impact on the conformable vaive insert 101 is spread out over a greater period, 

thereby reducing strain on the insert 101. Additionally, the use of a rounded abutment 

175 with a small surface area making initial contact with the valve seat 385 reduces the 

likelihood that a significant amount of proppant or abrasive particles will be squeezed 

between the insert 101 and the seat 385 at the initial moment of strike when stress is at 

its greatest. Thus, the deteriorating effects of proppant on the conformable vaive insert 

101 may be minimized. 

{0022] In fact, the benefits of this manner of striking between the vaive seat 385 

and the vaive 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 ii-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 vaive 

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 
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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 insert 101. 

[0024] Referring now to Fig. 3, an embodiment of a positive displacement pump 

assembly 310 employing a valve 100 with a conformable valve insert 101 as described 

above is illustrated. The pump assembly 310 includes a plunger 390 for reciprocating 

within a plunger housing 307 toward and away from a chamber 335. In this manner, 

the plunger 390 effects high and low pressures on the chamber 335. For example, as 

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 vaive 350 to allow release of fluid and pressure from within the 

chamber 335. The amount of pressure required to open the discharge vaive 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 m 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 
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chamber 335, the pressure therein will decrease. As the pressure decreases, the 

discharge vaive 350 will strike closed against the discharge vaive seat 380 as depicted 

in Fig. 3. This movement of the plunger 390 away from the chamber 335 will initially 

result in a sealing off of the chamber 335. However, as the plunger 390 continues to 

move away from the chamber 335. the pressure therein will continue to drop, and 

eventually a low or negative pressure will be achieved within the chamber 335. 

Eventually, as depicted in Fig. 3, the pressure decrease will be enough to effect an 

opening 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 the chamber 335. The amount of pressure 

required to open the valve 100 as described may be determined by an intalce mechanism 

375 such as a spring which keeps the intalce valve 100 in a closed position until the 

requisite low pressure is achieved in the chamber 335. 

[0026] As described above, a reciprocating or cycling motion of the plunger 390 

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 xo 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. 6i, 
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[9027] Continuing with reference to Figs. 4 and 5. with added reference to Fig. 3. a 

comparison is drawn between the valve-seat interfaces 475. 575 before and during the 

strike of a valve 100. 350 at a valve seat 385. 380. In the embodiment shown, each 

valve 100, 350 is equipped with a substantially equivalent conformable valve insert 

101. 301. Thus, of particular note is the comparison of the changing morphology of the 

inserts 101, 301 when moving from a position away from a given valve seat 385 as 

depicted in Fig. 4 to striking a valve seat 380 as depicted in Fig. 5. 

[0028] With reference to Fig. 4, an enlarged view of the structural architecture at 

the valve-seat interface 475 employing the discharge valve 100 of Figs. 1-3 is depicted. 

As detailed above, the valve 100 is equipped with a conformable valve insert 101 

having variety of circumferential components configured to help accommodate its own 

deformation upon striking of the valve seat 385. That is, as described above, a concave 

surface 150. a rounded abutment 175, and a core, mechanism 200 are all incorporated 

into the insert 101 to help reduce concentrated radial stram of deformation felt through 

the insert 101 upon the striking of the vaive 100 against the vaive 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 vaive 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 vaive 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 
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detailed above ('e.g. 175). now flattened out across the surface of the vaive 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 sn-ess 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 interface 475, 575 upon the 

impact of a valve 100, 350 striking a valve seat 385, 380. While such components are 

detailed above with respect to the conformable valve inserts 101. 301. valve seats 385, 

380 may be configured to accommodate and reduce stress concentration. For example, 

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 strikes similar 

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 vaive insert 301, 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 eauivalentiy 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 paniculate 

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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may be substantially extended. In uiic eiiibouinieril. the valve iiisefi 301 aau the seal 

insert 500 are both of a polymer material such as urethane. 

[0032] Continuing with additional reference to Figs. 4 and 5. additional measures 

may be taken relative to the valve seats 385, 380. Namely, the valve seat 385, 380 may 

include a robust region 450, 551 for alignment with a portion of the valve 100, 350 

devoid of any conformable valve insert 101, 301 (e.g. the strike 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 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] Indeed 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 vaive 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 



"ssembly ^ 10. The assemblies 31(3, v>00 axe a peLrt of a hydr aulic fraCTurmg sysicui at 

an oilfield 601. The pump assemblies 310. 600 may operate at between about 700 and 

about 2.000 hydraulic horsepower io propel an abrasive fluid 610 into a well 625. The 

abrasive fluid 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 therefrom. 

{0035] In addition to the six pump assemblies 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 operation; each assembly 310, 600 may generate between about 2,000 and 

about 15,000 PSI or more. Thus, as valves 100, 350 strike seats 385, 380 within each 

assembly 310. 600, an extreme amount of stress is concentrated at each valve-seat 

interface 475, 575 (see Figs. 1-5j. 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 ma}' be employee 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 



include the delay or substantial prevention of the occurrence of vaive leaks as opposed 

to simply acoustically monitoring leak occurrences. 

{0037] The preceding description has been presented with reference to presently 

preferred embodiments. Persons skilled m 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 uniformly disposed about a valve insert. However, 

alternate embodiments of a concave surface, rounded abutment, core mechanism or 

other circumferential component may be employed 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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CLAIMS 

We claim: 

1. A pump assembly comprising: 

a valve seat; 

a valve for striking said valve seat, the valve comprising a valve head; and 

a conformable valve insert about said vaive head for contacting said vaive 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, the circumferential 

component partially defining an outermost profile of said valve; wherein the circumferential 

component comprises a curved concave surface reducing said outermost profile of said valve and 

a rounded abutment to initiate contact with said valve seat in a tapered manner upon the striking, 

said rounded abutment extending radially beyond said curved concave surface; 

wherein said conformable valve insert does not extend outwardly beyond an outermost 

radial edge of the valve head. 

2. The pump assembly of claim 1 wherein said valve head 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 curved concave surface reduces an outermost 

profile of said conformable valve insert to less than a profile of the outermost radial edge of the 

valve head. 

4. The pump assembly of claim 1 wherein said circumferential component further 

comprises a core mechanism disposed within said conformable valve insert, said core 
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mechanism being of a gi'eater 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. 

6. The pump assembly of claim 1 wherein said pump assembly pumps fluid 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 wherein the fluid includes an abrasive proppant therein. 

9. A pump assembly comprising: 

a conformable valve insert; 

a valve having a valve head comprising an exposed strike face and a circumferential 

recess, said circumferential recess accommodating said conformable valve insert; said 

conformable valve insert having a circumferential component, the circumferential component 

partially defining an outermost profile of said valve; and 

a valve seat to accommodate striking of said conformable valve insert and the exposed 

strike face, 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; 
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wherein the circumferential component comprises a curved concave surface reducing said 

outermost profile of said valve and a rounded abutment to initiate the striking of the conformable 

valve insert at the valve seat in a tapered manner in advance of the striking of the valve seat by 

the exposed strike face, said rounded abutment extending radially beyond said curved concave 

surface; and wherein said conformable valve insert does not extend outwardly beyond an 

outermost radial edge of the valve head. 

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 wherein the adjacent region is of a material selected from 

a group consisting of hardened steel and urethane. 

12. The pump assembly of claim 9 wherein said circumferential component reduces radial 

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

13. The pump assembly of claim 12 wherein said curved concave surface reduces an 

outermost profile of said conformable valve insert to less than a profile of the outermost radial 

edge of the valve head; and wherein the circumferential component further comprises a core 

mechanism disposed within said conformable vaive insert, said core mechanism being 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 
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a valve having a valve head and a conformable valve insert exposed at a surface thereof 

for striking noon, said conformable seat insert; said conformable vaive insert having a 

circumferential component, the circumferential component partially defining an outermost 

profile of said valve; 

wherein the circumferential component comprises a curved concave surface reducing said 

outermost profile of said valve and a rounded abutment to initiate the striking of the conformable 

seat insert in a tapered manner in advance of a striking of the valve seat by the valve head, said 

rounded abutment extending radially beyond said curved concave surface; and wherein said 

conformable valve insert does not extend outwardly beyond an outermost radial edge of the 

valve head. 

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 wherein said circumferential component reduces 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 circumferential recess and configured for striking a valve seat within the 

positive displacement pump; and 

a conformable valve insert disposed within the circumferential recess for contacting the 

valve seat during the striking and having a circumferential component to reduce a radial strain of 

deformation of said conformable valve insert upon the striking, the circumferential component 

partially defining an outermost profile of said valve; wherein the circumferential component 

comprises a curved concave surface reducing said outermost profile of said valve and a rounded 
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abutment to initiate contact with said vaive seat in a tapered manner upon the striking, said 

abutment extending radially beyond said curved concave surface; 

wherein said conformable valve insert does not extend outwardly beyond an outermost 

radial edge of the head. 

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 

curved concave surface reducing an outermost profile of said conformable valve insert to less 

than a profile of the outermost radial edge of the head; and wherein the circumferential 

component further comprises a core mechanism disposed within said conformable vaive insert, 

said core mechanism being of a greater energy absorbing character than an adjacent body of said 

conformable valve insert. 

19. A conformable valve insert of a valve 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 of said conformable valve insert upon the sealing, the 

circumferential component partially defining an outermost profile of said valve; wherein the 

circumferential component comprises a curved concave surface reducing said outermost profile 

of said valve and a rounded abutment to initiate the sealing of the conformable valve insert at the 

valve seat in a tapered manner in advance of a striking of the vaive seat by a valve head to which 

the conformable valve insert is attached, said rounded abutment extending radially beyond said 

curved concave surface; wherein said conformable valve insert does not extend outwardly 

beyond an outermost radial edge of the valve head. 
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20. The conformabie valve insert of claim 19 wherein the valve head has a recess to 

accommodate the conformable valve insert and is configured for striking the valve seat with an. 

exposed strike face adjacent said conformable valve insert, the curved concave surface reducing 

an outermost profile of said conformable valve insert to less than a profile of the outermost radial 

edge of the valve head; wherein the circumferential component further comprises a core 

mechanism disposed within said conformable valve insert, said core mechanism being of a 

greater energy absorbing character than an adjacent body of said conformable valve insert. 
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VALVE-SEAT INTERFACE ARCHITECTURE 

ABSTRACT 

A pump assembly with valve-seat interface architecture configured to extend the life of 

pump components and the assembly. A valve (100) of the pump assembly is equipped 

with a conformable vaive insert (101) that is configured with a circumferential component 

having the capacity to. reduce the radial strain' of its own deformation upon its striking of a 

vaive seat at the interface within the pump assembly. The circumferential component may 

include a concave surface (150) about the insert, a rounded abutment (175) at the strike 

surface of the insert, or a core mechanism (200) within the insert that is of greater energy 

absorbing character than surrounding materia! of the insert. Additionally, the valve seat 

itself may be configured for more even wear over time and equipped with a conformable 

seat insert to reduce wear on the valve insert. 

Fig. 1 
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