GATE VALVE HAVING LOW-FRICTION COATING OVER SUBSTRATE AND METHOD FOR
MAKING SAME Field of the Invention This invention relates in general to valves, and in particular
to a gate and/or a seat seal in a valve body with a substrate comprising a ceramic and/or hardfacing
alloy matrix composite which allows for increased bearing stress capacity. Background of the Invention
Gate valves are typically used when a straight-line flow of fluid and minimum flow restriction are
required. Typically, the gate has body with a cavity and a flow passage extending through the body

and intersecting th ity to allow flo [ the valve. Whep th lve is wi ate is
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same size as the pipe in which the valve E@r@@lﬁ%%t& gate valve used in connection with olil
and gas production has a flow passage that intersects-acentral cavity in the valve. Seats are placed in
counterbores formed in the flow passage at the intersection of the flow passage with the cavity. An

obstructibieler @fdteiswentEn past the seats between open and closed positions to seal the cavity from
the passage.

This invention relates in general to valves, angarticular to a gate and/or a seat seal
in a valve body with a substrate comprising a c&zaand/or hardfacing alloy matrix composite

which allows for increased bearing stress capacity.

Background of the Invention

Gate valves are typically used when a straighg-fiow of fluid and minimum flow
restriction are required. Typically, the gate bady with a cavity and a flow passage extending
through the body and intersecting the cavity tovalflow through the valve. When the valve is
wide open, the gate is drawn into an end of theevahvity away from the flow passage. The
flow passage is typically the same size as the ipipéhich the valve is installed.

A typical gate valve used in connection with oildagas production has a flow passage that
intersects a central cavity in the valve. Seatsmaced in counterbores formed in the flow
passage at the intersection of the flow passadetiv cavity. An obstruction or gate is moved

past the seats between open and closed positiGeakohe cavity from the passage.

The seats generally have seals which seal thas#a¢ counterbore of the flow passage. These
seals prevent the entry of fluid from the centaality or chamber of the body to the downstream
flow passage. When the gate is opened, the seditgmpeno function. For gate valves designed
with unidirectional sealing when the gate is clodkdd will flow past the upstream seat into the
chamber or cavity of the body. The fluid pressuréhe chamber is sealed by the seal of the

downstream seat formed between the gate and the keaddition, a sand screen may also be



The seats generally have seals which seal the seat to the counterbore of the flow passage. These
seals prevent the entry of fluid from the central cavity or chamber of the body to the downstream flow
passage. When the gate is opened, the seals perform no function. For gate valves designed with
unidirectional sealing when the gate is closed, fluid will flow past the upstream seat into the chamber
or cavity of the body. The fluid pressure in the chamber is sealed by the seal of the downstream seat
formed between the gate and the seat. In addition, a sand screen may also be positioned in the seats

t tect the valve f d intrusion. F t igned with bidirectional li hen th
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onto the seat. ThiS can often resultinloca mation of the gate where it contacts the seat, making
it more difficult or impossible to actuate the gate between open and closed positions. To counter this

problem, i sizaef 2R 48l vee tBEIHELIGIONS 1GH HeJEeRdmantIRdNerRABREY FRSYIHAS B AdtANRE

weight and expense. One approach used to address this issue has been to coat the (metal) gate and

seat withsadhineogingaennasedsy AHAGREN GREDIEHBBHIRSI VD (Rt a8l Pineeked GearHy

coating) due to its hardness and low friction. Diamond-like Carbon (DLC) coatings have also been
used on e &f. tTENW (ECaspeerajng todoaven the: frictariivitecs Hmgmer ddhefie igaadimitdacdteonto
bearing stress beyond which these coatings tend to locally deform or gall, creating stresses in the
coatingstandséas fimgiogrbefiengeitdsia lovahtishtyokedikage gate diffenaltly ovopetating tragatakiatye
may result. Another approach to control this bearing stress is to increase the surface area of the seat
by increasmgrisdifizcukit ter idpessige ttosoatsateat ¢hghahwden dee e fdect dbsetqasitiptise fiovcmapied
due to the increased effective pressure-area. The return on controlling bearing stress with this method
diminish#ysvitrohighertpee sszeeof dhve yalkwsulthy actleatanier vekgsantehmecasedsragelitiod io
close and open them. Another approach has been to attempt solid ceramic or cemented carbide gates
and seateddith@mewe higinsr ©&eiss stress capacity. The problem thus far is that the high
temperatures required for sintering solid parts typically results in degraded carbide properties, which in

turn result in a poor surface texture and high friction. _ _
One agproach used to address this issue has beemattthe (metal) gate and seat with a thin

coating composed of Tungsten Carbide particles @ar metal binder (WCCoCr coating) due
to its hardness and low friction. Diamond-like B@m (DLC) coatings have also been used on
top of the WCCoCr coatings to lower the frictiorrther. However, there is a limit to the
bearing stress beyond which these coatings tetatédly deform or gall, creating stresses in the
coatings and thus limiting bearing stress. Evdhtleakage and difficulty in operating the gate
valve may result. Another approach to control thearing stress is to increase the surface area
of the seat by increasing its diameter. Howevir dlso has the unintended effect of increasing
the force applied due to the increased effectiesgure-area. The return on controlling bearing
stress with this method diminishes with higher pues valves, resulting in even larger valves
and the actuators needed to close and open themothér approach has been to attempt solid

ceramic or cemented carbide gates and seats tevachihigher bearing stress capacity. The



A need exists for a technique to increase bearing stress capacity in gate valves and minimize friction
without an increase in the actuator size or production tree. Summary of the Invention A gate valve
having a substrate of a ceramic and metal matrix composite material with increased stiffness and
hardness, relative to the current metals used in gates and seats, above which a low-friction coating is
applied. An example of a ceramic and/or hardfacing alloy matrix composite substrate is Tungsten
Carbide in a cobalt matrix. The greater stiffness and hardness of the ceramic and metal matrix

composite material supstrate suppaqrts the coatings and increases the net bearing stress capacity and
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harder, thin layer of coating caused premature failure of the coating. With a substrate pelow the
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substrate of greater stiffness and hardness, the bearing stress capacity of the same coating, which

was previojalPRRied firesthedpripianciah WahRerRIglirdsS iGhaRRE dn IdURCOANIAaNRN Risihskate

and coating will allow the seat to have a smaller sealing diameter and the gate to be less wide due to

the redUﬁ?&ib@ﬂ\m{ﬁmﬁ%H%c?@a&ié‘%ﬁ%@%ﬁﬁ@@s&%ﬁﬁﬁﬂibﬁ'ﬁ%@?t force and friction between the
seat and gate are lessened; reducing the force and energy requirement on the valve's hydraulic

actuator. This can be achieved in three primary ways, with multiple combinations deriving from those
three. In auinshany lod thimémiaftibe invention, a gate valve has a body with a cavity and a flow passage
intersecting the cavity. Seats are mounted in the body at the intersection of the flow passage and 3

A gate valve having a substrate of a ceramic an@lm®atrix composite material with increased
stiffness and hardness, relative to the currenaisieised in gates and seats, above which a low-
friction coating is applied. An example of a ceramnd/or hardfacing alloy matrix composite
substrate is Tungsten Carbide in a cobalt matfhe greater stiffness and hardness of the
ceramic and metal matrix composite material sabstsupports the coatings and increases the
net bearing stress capacity and thus the efficiavfcyhe valve. In previous efforts, local
deformations of the softer metal under a hardénm,ltyer of coating caused premature failure of
the coating. With a substrate below the coating greater hardness and stiffness than the
underlying metal, this can be avoided. Using lastate of greater stiffness and hardness, the
bearing stress capacity of the same coating, wivieth previously applied directly to the metal,
will therefore be increased. This combinationufstrate and coating will allow the seat to have
a smaller sealing diameter and the gate to bewvads due to the reduced requirement for
bearing support area. As a result, the net fora faction between the seat and gate are
lessened; reducing the force and energy requireorethie valve’s hydraulic actuator. This can

be achieved in three primary ways, with multiplentnations deriving from those three.

In a first embodiment of the invention, a gate eahas a body with a cavity and a flow passage
intersecting the cavity. Seats are mounted irbtiay at the intersection of the flow passage and
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the cavity. A gate in the cavity has an engaging face that slidingly engages the face of each seat while
being moved between open and closed positions. Both the seats and the gate are constructed from a
ceramic and/or hardfacing alloy matrix composite substrate having a greater hardness and stiffness
than the metal of the gate, such as Inconel. A low-friction coating may be applied to one or both of
thesubstrates, the gate substrate and the seat substrate. In a second embodiment of the invention, a
gate valve has a body with a cavity and a flow passage intersecting the cavity. Metal seats are

ted jn the body, at the intersection of the fi he cavity. A ic and/
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outer surtaces are coated with a low-friction ma r Imen e inverton,a
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the body at the intersection of th w passage and the cavity. A gate in the cavity has two éngaging
faces hyisHdid £519A0% Kasaianch apdl wiigeinaanayehbauaan aapnand closed
positions. A ceramic and metal matrix composite hardfacing of about 1/8 inch thickness or less is
applied by a welding, powder metallurgy or thermal spray technique on the engaging surfaces of the
gate andiiwg seessdl Bmbedinie coaforRethobatimetal krsewandvachedybaiveandavinceriadic Aog/or
hardfacing alloy matrix composite hardfacings, whose outer surfaces are coated with a low-friction
material pbssggaingecsestingati@icavitgtaMetae sethsttaeatghing e italye atohie dhdtbex tt@manhithe
and/or hardfacing alloy matrix composite hardfacing and then coated with a low-friction material. This
hardfacirfigue plastage naag bieeutibzéy. infeachaniith aretfdydalamignid gy evealriz dcaman sillée seati ventp igsing
a ceramic and/or hardfacing alloy matrixsubstrate to provide a stiffer surface. Any combination of the
previousipaleyedbadeseht sert gar: kab stratn gagiiguiate veisialso potsislmviFbidhistanteeoak valve
design may favor a hardfaced metal seat with a solid ceramic gate, while another valve may be better
suited todaée {rifeatadbt/dasaanicseaityface haasliviredsges benfape af @achrsaatiadnitr:hefidor
all configurations described is that the potential for a cutting function exists. In some gate valves, a
requiremBAYRAtRSIMarMRIEsBEH £58aBIP9sibeNAg, dieciBmmmprRsegdf BoreetlthasrRanMlishgsle
to be sheared clear by the gate and still allow the valve to close and seal. In these configurations, the
gate andA§P¥BER AVOrGEIRAINE R WifREHAR[ENOAGY RAEARBRFHA P SERSIIN R8P EB Y B Bseft e
inner diameters' engaging perimeters. In many cases this blade/edge is ceramic. The proposed

configur&RHRG¥42 TRMRFHEHCR BIReHRbdification to perform this function since the interfacing

surfaces are already made of ceramic or cemented carbide, or equipped with a ceramic or cemented

carbide plaLe,ff G ERBARhERAMRINGOarYEGRsh SRR ARl RERIPUAR 8 hGiH S "Phow passage

intersecting the cavity. Metal seats are mountedhe body at the intersection of the flow
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passage and the cavity. A gate in the cavity hasdmgaging faces that slidingly engages the
face of each seat while being moved between opdrclased positions. A ceramic and metal
matrix composite hardfacing of about 1/8 inch thiegs or less is applied by a welding, powder
metallurgy or thermal spray technique on the enmgagurfaces of the gate and two seats. The
gate is composed of a metal base sandwiched betimeerteramic and/or hardfacing alloy
matrix composite hardfacings, whose outer surfacesoated with a low-friction material. The
seat is composed of a metal base with the engagjiniace coated with a ceramic and/or

hardfacing alloy matrix composite hardfacing anehticoated with a low-friction material. This
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FIG. 1 is a vertical partial sectional view of a gate valve, in accordance with an embodiment of the
invention. FIG. 2 is a sectional view of a portion of a valve body shown in Fig. 1, in accordance
with an embodiment of the invention. FIG. 3 is an enlarged sectional view of the coated seat and
gate shown in Fig. 2, in accordance with an embodiment of the invention. FIG. 4 is a sectional
view of an alternative embodiment of the flow path of the valve shown in FIG. 1, in accordance with an
embodiment of the invention. FIG.5is an enlarged sectional view of the coated seat ring and gate

plate interface shown i 4,1in cord with diment of the invention. IG. 6 is an
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the Invent}ls%]g a ceramic and/or hardfacing alloy matrixstatetto provide a stiffer surface.

Any combination of the previously described seall gate substrate configurations is also
possible. For instance, one valve design may favieardfaced metal seat with a solid ceramic
gate, while another valve may be better suited 9@ @ metal seat/ceramic seat ring with a

hardfaced gate configuration.

An added benefit for all configurations describsdthat the potential for a cutting function
exists. In some gate valves, a requirement isiaiaware such as cables, tooling, etc. left in the
open bore of the valve must able to be sheared lolethe gate and still allow the valve to close
and seal. In these configurations, the gate arsd/atr are typically fitted with some sort of extra-
hard and possibly sharp edges on their inner diensietngaging perimeters. In many cases this
blade/edge is ceramic. The proposed configuratiensire minimal, if any, modification to
perform this function since the interfacing surla@ee already made of ceramic or cemented
carbide, or equipped with a ceramic or cementetlidarplate or cemented carbide-hardfaced

surface.
Brief Description of the Drawings

FIG. 1 is a vertical partial sectional view of atg valve, in accordance with an

embodiment of the invention.

FIG. 2 is a sectional view of a portion of a vab@&ly shown in Fig. 1, in accordance

with an embodiment of the invention.



FIG. 7 is an alternative embodiment of a coated seat and gate plate interface, in accordance with an
embodiment of the invention. FIG. 8 is an alternative embodiment of a hardfaced and coated seat
and gate shown, in accordance with an embodiment of the invention. Detailed Description of the
Invention Referring to FIG. 1, an example embodiment of a gate valve 10 is shown. The gate valve 10
has a body 11 and a flow passage 12 that extends transversely through body 11. Valve 10 has a gate
14 with an opening 16 therethrough. A gate 14 is shown in the open position with the opening 16
registered with th ssage 12. The gate 14 travels within a cavity 18 in the body 11 that is transversal
to and intersectech By b BSR4 R GURRPLMIRI LTS COaRPRh B0 9IRS B Be Gt I
plate affixed to, an underl in%s uc urehﬁa I? er welded onto an underlying structure, or a solid
structure?(\:/vcﬁcraqglrﬁc%\év@a (ra', g} cr’, grediid' st I8Pn'prises a ceramic and/or hardfacing alloy
matrix composite. Referring to FIGS 2 and 3, enlarged and more detailed illustrations of an example

embodiment of the-gatg Y@'X%é@ti%ﬁl@'relvvaé?a?*ﬂ%Wé‘rF%&iG@@%ﬁtﬁﬂttBﬁ%eﬂc%%ﬁiﬂ Greaveaen.

Ring-shaped valve seats 20 seal against counterbores 24 formed on the body 11. The seats 20 have

openingsHaRCiFPHascring e NssrRes i ah eRRQSING StflesRidhtgate 14. The gate 14 is in contact
with the seats 20 in both the open and closed positions. In this embodiment, the seats 20 and the gate

14 are formed from a ceramic and/or hardfacing alloy matrix composite, such as Tungsten Carbide
with a Cobalt or Nidkel birdan €hkaiymd sessiafdheicenwintes costede nngyaralygheivyiee Ruekiaed C
72-73, which is approximately twice as hard as the average 36 Rockwell C of the existing standard
Inconel BE®wraterad tyhitabgamddindatiticatingnbesépiis iRvetiternthe modulus of elasticity of the
ceramic and/or hardfacing alloy matrix composite may be on the order of 48,000 KSI, making it
approximately 65% stiffer than the standard Inconel 718 metal alloy, which has modulus of elasticity of
29,000 KSI. MatefidPprBpisrtiy AigfHisRepEPRuMEBA At FRAEE FEHD R EofRB SIS cdtamic

and/or hardfacing alloy matrix composite compounds may be utilized for the seat 20 and the gate 14,

however26rY FaRRS W bl Ume AL ALK AANEIH 38 not limited to, is a 86%WC10%Co4%Cr grade.

FIG. 7 is an alternative embodiment of a coateat sed gate plate interface, in

accordance with an embodiment of the invention.

FIG. 8 is an alternative embodiment of a hardfeeed coated seat and gate shown, in

accordance with an embodiment of the invention.
Detailed Description of the Invention

Referring to FIG. 1, an example embodiment of & gatve 10 is shown. The gate valve 10 has
a body 11 and a flow passage 12 that extends &esely through body 11. Valve 10 has a gate
14 with an opening 16 therethrough. A gate 14®as in the open position with the opening
16 registered with the passage 12. The gate YLélsravithin a cavity 18 in the body 11 that is
transversal to and intersected by the passageTh2 term “substrate” is used throughout to

describe either a plate affixed to an underlyingidtire, a layer welded onto an underlying



In an example of operation, a stem 17 (FIG 2) connected to the gate 14 moves the gate 14 to the open
position and registers the opening 16 of the gate 14 with flow passage 12 of the valve 10, thereby
allowing flow through the valve 10. When the gate 14 is closed, the opening 16 no longer registers with
the flow passage 12 and thus flow is stopped. The gate 14 has an engaging face 26 on each side that
interfaces with a seat face 28 on each of the seats 20. To minimize friction when actuating the gate 14,
the interfacing surfaces 26, 28 between the seats 20 and the gate 14 are coated with low-friction
coatings 30, 32, such as a.Diamond-like Carbong%DLi:écoatin . The DLC coating 30, 32 may be .
epos oI redaces0lll SR o SEr b T i G Uk SRS (SSESRGA Eramic
fabrication gr&th (%ﬁfamic alﬂd/or hardfacing alloy matrix composite parts, the seat 20 and gate 14 in
this embda! Oérﬁa TG tQanrt]ﬁZ”éoCﬁ’fﬂgg , 28 having a higher quality, lower friction surface than
the ceramic and/or hardfacing alloy matrix composite parts themselves. Continuing to refer to FIGS 2

and 3, WhilgJalR) 16 1518828, dhHcS dIRuindd oy Ghotee HauiPatadan s/ Uheh g0tk 1din SR ne

pressure increases upstream of the gate 14, resulting in an increase in the bearing stress on the seat

20 and the ﬂl@%{;&fb \%ﬂ@(ﬂ@iﬁf‘v‘ﬁIé".‘rﬁeé’rén%ﬂﬁ%?%ﬁ\ﬁ%@oﬂéﬁt&%méﬁﬁﬁé Pﬁéﬂﬂgrﬁtr?ﬁﬁg‘@u'd
cause local deflection of the metallic seats and the gate. However, the significantly harder and stiffer

ceramic ghifag VaveesseaisoR0saad dapiasteddnieritrenaedinent belprrevenhiosabéehectaneand
associated stress accumulation associated with softer metals. In another embodiment, illustrated in
FIGS 4 aspskhindpotshnpesvaivaise e Haseay@aansgt agpuitiesheienddgiaemedl omibeghasy 4 ls As in
the previously described embodiment, the seats 40 have openings that circumscribe the passage 12
on opposiogtstdegthfttieesgais 24. A batle #h2 ispeonmypubdigoditionstallicthisiaribbidiosdad tetweats ta®
ceramic and metal composite plates 44, whose outer surfaces are coated with a low-friction material
coating 4fdstioh gateuhdgstea tarbrekk from coluaitamatr irtawifiosa @ bldygoattg lcothpasidoslitie @ts
shown, the plate 44 is bonded to the gate 42, for example, through soldering, brazing, or welding. As
shown inTRI@Bese@arhide ¥éthare Slobailt on Hickdd bintdwixzhardodsgint)tire cgvaetad aatbide may
downstream side of the gate 14. The plate or substrate 44 of the gate 42 is on both the upstream and
downstrea@ty SheseeBReReckwely 48 fRsAithihigh darnRrexithetvded orkdtBU feAmibe crveiagReai®o.
The outer periphery of the recess 50 is set radially inward from the outer diameter of the seat 40 and
forms a fA%GWElbAg HhéhsuRFipEMpIserpdAthdereals A8 rat d¥picaty usandp faliisaded these seat
40 or may be allowed to self-seal against the seat 40 and plate 44 on the gate 42. The plates 44 can
vary in thékiSesSUTHIRr 178e [Hadsiuspicpiatly bnthtegeus Redon BHHRSH @Al YR alixcersPasiie

selectively engages an engaging face 56 of the seat rin{? 48, In an example embodiment, face 27 and

face 28 B3 SS90 e HMUY thab ARAKRAsTAOREY fadkfdieh e Kifyalingaite 54

f the plate 44 | d with the low-fricti ing 46 and ing face 56 of th ing 48
may aiad 2QBa108 AL TRH G R MaRCUR S PGS Ao tar LR RHENFAIFE g
in prd I 44. Both th ing 48 and late 44 be formed
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Nickel binder. The hardness of the c%rgerﬁfad aa{griqﬁemsaé/ag%%éoxirtréa 4y ﬁé)v%ie(\v/ver” 8n£2r'n7zaft§$QF
e

seat 40 and | Bgtse'tﬁzc Material can be made from corrosion reaistant Steel a loys such as one o0
following; AnGANGL (3 Rickeken ﬁt%'rl%)qﬂ}%‘?{‘éﬁj'%é%%%&%ﬁ&é@%s Sifel: combinations
thereof; or another suitable metal material. Incone , for example, typically’has a Rockwell
Hardness Number (HRN) in the C scale between 32 and 40. Material properties can be altered by the

heat treaimaneREPRERSofl BperAHNAlSteMPadimentbpthigrMmaatgstcarhiff D el 58ab fiRg 48
can be approximately twice as hard as Inconel 718 material. Further, the modulus of elasticity of the

cementegpeaypgsitilatard @otsaaattiechA8rimaprsimriey 0hth stliesdbsadea standard/ ngenel,

718. As in the first embodiment, various compositions of ceramic and/or hardfacing alloy matrix

compositheretay ditoulitigetbliortire syl strateaddeand. saahdrggtie 14 is closed, the opening 16 no
longer registers with the flow passage 12 and tlows is stopped. The gate 14 has an engaging

face 26 on each side that interfaces with a sea&t 28 on each of the seats 20. To minimize

friction when actuating the gate 14, the interfgcsnirfaces 26, 28 between the seats 20 and the
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In an example of operation for this embodiment, the stem 17 moves the gate 42 to the open position
and registers the opening 16 of the gate 42 registers with flow passage 12 of the valve 10, thereby
allowing flow through the valve 10. When the gate is closed, the opening 16 no longer registers with
the flow passage 12 and thus flow is stopped. As previously explained, when the gate 42 is closed the
pressure increases upstream of the gate 42, resulting in an increase in the bearing stress on the seat
40 and the gate 42. As explained earlier, in existing configurations, the increased bearing stress could

local deflection of the seat 40 and the gate 42. . the significantly h d stiff
comontodPUS DR BAR T D S04 MR b B e b G G W A A

deflecti 1d [ lati ' ith th | of th d
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on the bo s in the previous ed embodiment, the seats ave openings

Circums%ﬁkﬁﬁﬁ‘%ﬂﬂﬁﬁgﬁﬂsﬁr&%i% RRAGSHBRIASSLPLIEPATE LardhidisBolSIRamBRRRf i tRaRted

carbide material suc ungsten Carbide with a Cobalt or Nickel binder and has an engaging face
64. The epaRIBR3efShisroatre with a low friction material coating 66, such as a DLC coating or
other suitable material. A seat ring 68 is located between the seat 60 and the gate 62 on both the
upstream and downstream sides. The seat ring 68 fits within an annular recess or pocket 70 formed on
the seat GonfiheainyterrpisitberiGs thandG3shile igasetlrdykal)y e & d dvaingtte eudarteaflostgyanh the
seat 60 and forms a rim 72 along the outer periphery of the recess 70. The seat ring 68 has an
engagind fac&Vhénviteagate-fricioclosat iy & Preshoditaesshdsigeam of the gate 14, resulting in an
increase in the bearing stress on the seat 20hendate 14. As explained earlier, in existing
configurations, the increased bearing stress coalge local deflection of the metallic seats and
the gate. However, the significantly harder anffestceramic making up the seats 20 and the
gate 14, in this embodiment, help prevent localedébn and associated stress accumulation

associated with softer metals.

In another embodiment, illustrated in FIGS 4 anditg-shaped valve seats 40 seal against a
counterbore 24 formed on the body 11. As in tlexipusly described embodiment, the seats 40
have openings that circumscribe the passage 13posmg sides of the gate 14. A gate 42 is
composed of a metallic material located between ¢et@mic and metal composite plates 44,
whose outer surfaces are coated with a low-frictr@terial coating 46, such as tungsten carbide
in a cobalt matrix having a DLC coating. In thebeiment shown, the plate 44 is bonded to
the gate 42, for example, through soldering, bigzamn welding. As shown in FIG 5, seat rings
48 are shown on a side of the seats 40 facing psraam and downstream side of the gate 14.
The plate or substrate 44 of the gate 42 is on thatlupstream and downstream sides. The seat

ring 48 fits within an annular recess or pockef&@®ned on the seat 40. The outer periphery of

8



between the gate 62 and the seat ring 48. As in previously discussed embodiments, the ceramic
and/or hardfacing alloy matrix composite gate 62 and seat ring 68 help prevent local deflection and
associated stress accumulation associated with the softer metals. The net bearing stress may thus be
increased and ultimately, less energy is required to actuate the valve, potentially eliminating the need
for larger actuators In yet another embodiment, illustrated in FIG. 7, a combination of the previously
discussed embodiments is shown. Ring-shaped valve seats 80 seal against a counterbore 24 formed

on the bod fecéss Lois BEEVilialy Toward Trom the Odiameter of the seat 40 aha fore & rim 52

along the outer periphery of the recess 50. Thergey 48 may be bonded to the seat 40 or may
be allowed to self-seal against the seat 40 arté glaon the gate 42. The plates 44 can vary in
thickness from 1/8" to 1/2" depending on the pressenvironment and has a face 54 that
selectively engages an engaging face 56 of therisgpd8. In an example embodiment, face 27
and face 28 lie in substantially parallel planeatthre transverse to the passage 12. The
engaging face 54 of the plate 44 is coated witHdhefriction coating 46 and the engaging face
56 of the seat ring 48 may also be coated withmaftaction material coating 58. The gate 42
can be thinner than existing gates in order to mtoodate the plates 44. Both the seat ring 48
and the plate 44 may be formed from a ceramic arfdiadfacing alloy matrix composite, such
as Tungsten Carbide with a Cobalt or Nickel bindEhe hardness of the cemented carbide may
be approximately Rockwell C 72-73. The seat 40 gate 42 material can be made from
corrosion resistant steel alloys such as one offdhewing: Inconel (a nickel-chrome alloy);
high quality low alloy steel; stainless steel; camations thereof, or another suitable metal
material. Inconel 718, for example, typically llaRockwell Hardness Number (HRN) in the C
scale between 32 and 40. Material properties eaaltered by the heat treatment process. Thus,
example embodiment of the cemented carbide platardidseat ring 48 can be approximately
twice as hard as Inconel 718 material. Furtherniodulus of elasticity of the cemented carbide
plate 44 and seat ring 48 is approximately 65%estthan the standard Inconel 718. As in the
first embodiment, various compositions of cerammd/ar hardfacing alloy matrix composites

may be utilized for the substrate 44 and seat4Bg

In an example of operation for this embodiment, $kem 17 moves the gate 42 to the open

position and registers the opening 16 of the gateegisters with flow passage 12 of the valve



circumscribe the passage 12 on opposing sides of the gate 14. The seats 80 are fabricated from a
ceramic and/or hardfacing alloy matrix composite, such as Tungsten Carbide with a Cobalt or Nickel
binder. A gate 82 is composed of a metallic material located between two ceramic and/or hardfacing
alloy matrix composite plates 84, whose engaging surfaces 87 are coated with a low- friction material
coating 86 or other suitable material. As previously discussed, in an example embodiment shown, the
plate 84 is bonded to the gate 82, for example, through soldering, brazing, or welding. The seat 80 has

an engaging face 88 that Iocotd low-fricti
g %89 ereb8y8a owll?usj1 ﬁowt rgug eovar 06] &hthe gate is closed, the opening 16 no

longer registers with the flow passage 12 and flays is stopped. As previously explained,
when the gate 42 is closed the pressure increasteam of the gate 42, resulting in an increase
in the bearing stress on the seat 40 and the date As explained earlier, in existing
configurations, the increased bearing stress coalge local deflection of the seat 40 and the
gate 42. However, the significantly harder anflestcemented carbide making up the seat rings
48 and the plates 44 on the gate 14 help prevesdl Ideflection, and associated stress
accumulation, associated with the softer metahefgeat 40 and gate 42. Prevention of local
deflection, along with the low friction coatings,48 on the plates 44 and seat ring 48 results in
less energy being required to actuate the valvégnpially eliminating the need for larger

actuators.

In another embodiment, illustrated in FIG. 6, a bomtion of the previously discussed
embodiments is shown. Ring-shaped valve seatge&(against a counterbore 24 formed on the
body 11. As in the previously described embodimehe seats 60 have openings that
circumscribe the passage 12 on opposing sideseofdite 14. A gate 62 is composed of a
cemented carbide material such as Tungsten Cawaittlea Cobalt or Nickel binder and has an
engaging face 64. The engaging face 64 is coaittdanlow friction material coating 66, such
as a DLC coating or other suitable material. At sisg 68 is located between the seat 60 and the
gate 62 on both the upstream and downstream si@leg. seat ring 68 fits within an annular
recess or pocket 70 formed on the seat 60. Ther patriphery of the recess 70 is set radially
inward from the outer diameter of the seat 60 amch$ a rim 72 along the outer periphery of the

recess 70.
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coating 90 to facilitate sliding between the gate 82 and the seat 80. As in previously discussed
embodiments, the ceramic and/or hardfacing alloy matrix composite plate 84 of the gate 82 and seat
80 help prevent local deflection and associated stress accumulation associated with the softer metals.
The net bearing stress may thus be increased and ultimately, less energy is required to actuate the
valve 10, potentially eliminating the need for larger actuators. In yet another embodiment, illustrated in
FIG. 8, a hardfacing alternative is shown. Ring-shaped valve seats 100 seal against a counterbore 24

formed on the body 11. in the previousl
OI:f’he sl()aatyring 1 as arP engatgjﬁc’rpé face 74 withwafriction coating 76 to facilitate sliding

between the gate 62 and the seat ring 48. Asewiquisly discussed embodiments, the ceramic
and/or hardfacing alloy matrix composite gate 6@ aeat ring 68 help prevent local deflection
and associated stress accumulation associatedheitbofter metals. The net bearing stress may
thus be increased and ultimately, less energy deimed to actuate the valve, potentially

eliminating the need for larger actuators.

In yet another embodiment, illustrated in FIG. 7¢anbination of the previously discussed
embodiments is shown. Ring-shaped valve seated(against a counterbore 24 formed on the
body 11. As in the previously described embodimeheé seats 80 have openings that
circumscribe the passage 12 on opposing sideeajate 14. The seats 80 are fabricated from a
ceramic and/or hardfacing alloy matrix compositgghsas Tungsten Carbide with a Cobalt or
Nickel binder. A gate 82 is composed of a metatiaterial located between two ceramic and/or
hardfacing alloy matrix composite plates 84, whesgaging surfaces 87 are coated with a low-
friction material coating 86 or other suitable mietle As previously discussed, in an example
embodiment shown, the plate 84 is bonded to the g§at for example, through soldering,
brazing, or welding. The seat 80 has an engaging 88 that is also coated by a low-friction
coating 90 to facilitate sliding between the ga?ea®d the seat 80. As in previously discussed
embodiments, the ceramic and/or hardfacing allotrimmaomposite plate 84 of the gate 82 and
seat 80 help prevent local deflection and assatiateess accumulation associated with the
softer metals. The net bearing stress may thusd¢reased and ultimately, less energy is

required to actuate the valve 10, potentially eliating the need for larger actuators.

In yet another embodiment, illustrated in FIG. &iaadfacing alternative is shown. Ring-shaped

valve seats 100 seal against a counterbore 24 ¢bonethe body 11. As in the previously

11



11 described embodiments, the seats 100 have openings that circumscribe the passage 12 on
opposing sides of the gate 102. A ceramic and/or hardfacing alloy matrix composite hardfacing layer
104, 105 of about 1/8 inch thickness or less is applied by welding, the ceramic and/or hardfacing alloy
matrix composite onto the engaging surfaces 106, 108 of at least one of the two seats 100 (one
shown) or the gate 102. Welding the ceramic and/or hardfacing alloy matrix composite onto the
engaging surface may produce a series of beads that may be removed by grinding to form a flat
surface. However, methods other than weldin be used to produce the hardfacing layer. In this
embodimfE RGPS oA BoSERS! TRt ARFEPIRE S YBNS SR CoRSG0R0 *aBBried
to the hardfacing layer 104 applied e seat 100. The low friction coating may be a WCCoCr .coating
or otner SHESIH R (eSS DL & GO FaTariD e DS e Welser
coating. A low fricti oafi 2.is,al i ot/la hardfaci rs 105 of the gate .10 with
previous §y és%[rji%’e%fbegm o%ﬁ#%é%ﬁﬁ%ﬁ%ﬁgg%% o?r %r%@ﬁ%gg é%@l%n&ﬁ% tc%%n%%%ﬁé'%a%ﬁ@%fng

layers 14, 105 %tgﬁéﬁ%%ﬁ%ﬁgfégﬁeggﬁ?%%%%ﬁ%%%&%gI%%! dpBestianand aneosia af%ess

accumulation associat er meta ring stress may thus be increase

“'“mate'¥e!ﬂ§51‘%ibe(f8Méssrr?&HHﬁ%rto tﬂ%%%ﬁ%“1‘82{""'\’/9&(9BW'%HHVBWHHW%%&%%&%?{@? r

actuators. The hardfacing technique may be utilized in each of the embodiments preSented above as

an altermggpdgiiinga BRAERISAIOLIMEE AR Meumatikaaese RiRle if(pBe feaiRsale ©

provide a stiffer surface. The combinations of ceramic and/or hardfacing alloy matrix composite plates,

seat ringgyiR@isiaeinermatabgaiarnd. sepweescriethalisvetrEpvide disgansstheardeass #dduce
stiffness to the gate and seat to reduce the possibility of performance degrading local deflection in the

gate andisedipiRvialygayidie ambedintygisrstlibrdsbEs reUbinssRNEeehbeAithenaterrs aapacity
in gate valves and smaller, less expensive valves and actuators due to decreased energy

requirenmentsrictiacticatsitite Meovie. ddpHeulr tibeth el esedftitayeseroaxappiites o wiscleae 106.invastiow,
including the best mode, and also to enable any person skilled in the art to practice the invention,
includingnoté@mgaatioh g simay deyad@bes Or syatem aothgsddemiageany, irco quicied Diethamginbhese
embodiments are not intended to limit the scope of the invention. The patentable scope of the
inventiomaylefstedebyste wgatixrandmihy WelGCo tbeatdhdomgleditmatoatog thlthosealskibgpliedne
art. Such other examples are intended to be within the scope of the claims if they have structural
elementdataedoandiegifier lrvensti® itefahargaiagt0as thitbomieniously desgiineddndendiarniis, the
structural elements with insubstantial differences from the literal language of the claims.
ceramic and/or hardfacing alloy matrix compositedfecing layers 104, 105 of the seats 100
and the gate 102 helps prevent local deflection assbciated stress accumulation associated
with the softer metals. The net bearing stress thay be increased and ultimately, less energy
is required to actuate the valve 10, potentialiynglating the need for larger actuators. The
hardfacing technique may be utilized in each of #mbodiments presented above as an
alternative to using a ceramic and/or hardfacit@yahatrix compsite plate to form the substrate

to provide a stiffer surface.

The combinations of ceramic and/or hardfacing alfogitrix composite plates, seat rings,
hardfacing, metal gate and seats described abawedprincreased hardness and stiffness to the
gate and seat to reduce the possibility of perfagaadegrading local deflection in the gate and

seat of a valve. The embodiments described thaidtrsn enhanced bearing stress capacity in
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WHAT IS CLAIMED IS: 1. An apparatus for a well characterized by: a gate valve (10) having a body
(11) with a chamber (18); a flow passage (12) having an axis and extending through and intersecting
the chamber (18); an annular seat (20) at the intersection of the flow passage (12) and the chamber
(18); and  agate (14) in the cavity (18) and having an engaging face (26) that slidingly engages an
engaging face (28) on the seat (20) while being moved between open and closed positions, wherein at
least one of the engaging face (26, 28) of the annular seat (20) and the engaging face of the gate (14)

comprise a ceramic and/qr har iacin allog matrix comgosite substrate 844, 48) \gith a low-friction
coating (g%t)g valves and smaller, fess expensive valves astdators due to decreased energy

requirements to actuate the valve.

This written description uses examples to disckbseinvention, including the best mode, and
also to enable any person skilled in the art tetpra the invention, including making and using
any devices or systems and performing any incotpdranethods. These embodiments are not
intended to limit the scope of the invention. Hatentable scope of the invention is defined by
the claims, and may include other examples thatirotw those skilled in the art. Such other
examples are intended to be within the scope otlhens if they have structural elements that
do not differ from the literal language of the aolai or if they include equivalent structural

elements with insubstantial differences from tierdil language of the claims.
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2. The apparatus according to claim 1, wherein the ceramic and/or hardfacing alloy matrix composite
comprises tungsten carbide. 3. The apparatus according to claim 2, wherein the ceramic and/or
hardfacing alloy matrix composite comprises a cobalt matrix for the tungsten carbide. 4. The
apparatus according to claim 1, wherein the ceramic and/or hardfacing alloy matrix has a modulus of
elasticity of at least 48,000 ksi. 5. The apparatus according to claim 1, wherein the ceramic and/or
hardfacing alloy matrix composite substrate comprises a plate (44, 48) comprising a ceramic and/or
metal matrix composite bonded to at least one of the engaging face (28) of the annular seat (20) and
the engaging face (26) of the gate (42). 6. The apparatus according to claim 1, wherein the ceramic
and/or h qiqg @I%M@gi@omposite substrate (44,48) comprises a layer comprising a ceramic
and/or hardracing alloy matrix composite welded onto at least one of the engaging face (28) of the

annular sea(20), ad the BRIANINGRSE R8RS gate (42).
a gate valve (10) having a body (11) with a chan(b®);

a flow passage (12) having an axis and extendirgugh and intersecting the chamber

(18);
an annular seat (20) at the intersection of i ftassage (12) and the chamber (18); and

a gate (14) in the cavity (18) and having an eirgpface (26) that slidingly engages an
engaging face (28) on the seat (20) while being edobetween open and closed positions,
wherein at least one of the engaging face (26 02#&)e annular seat (20) and the engaging face
of the gate (14) comprise a ceramic and/or hardfpailoy matrix composite substrate (44, 48)

with a low-friction coating (30).

2. The apparatus according to claim 1, whereincramic and/or hardfacing alloy matrix

composite comprises tungsten carbide.

3. The apparatus according to claim 2, whereincramic and/or hardfacing alloy matrix

composite comprises a cobalt matrix for the tungstebide.

4. The apparatus according to claim 1, whereincdramic and/or hardfacing alloy matrix

has a modulus of elasticity of at least 48,000 ksi.

5. The apparatus according to claim 1, whereincdramic and/or hardfacing alloy matrix
composite substrate comprises a plate (44, 48) agsimgp a ceramic and/or metal matrix
composite bonded to at least one of the engagiog (a8) of the annular seat (20) and the
engaging face (26) of the gate (42).
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7. The apparatus according to claim 1, wherein the ceramic and/or hardfacing alloy matrix composite
substrate (44, 48) comprises a gate (42) consisting essentially of a ceramic and/or hardfacing alloy
matrix composite. 8. The apparatus according to claim 1, wherein the ceramic and/or hardfacing alloy
matrix composite substrate comprises a seat (20) consisting essentially of a ceramic and/or hardfacing
alloy matrix composite. 9. The apparatus according to claim 1, wherein the low-friction coating (30)
comprises a diamondlike carbon coating. 10. A method of manufacturing a gate valve (10),

h db lding a hardf Il | (4

face (26fof & gztem%%qh%é‘%?aocé‘éé i e L g R

the hardfacmg allo maglx c% E?a | 11. The ethodrgfnc alm 19 r\ﬁvr&erﬁlé] th e g §

face (26)”&%mpnséﬁplo R ng a (51?&5 ng a oymrfx'cgn?pggf% ' a?erlép 4 @) 8 the

S A gﬁ]gjgrgggn@v.%mgat%oﬁpg SRR ST RN DR B9 URRS)
and the engaging face (26) of the gate (42).

7. The apparatus according to claim 1, whereincramic and/or hardfacing alloy matrix
composite substrate (44, 48) comprises a gate dd23isting essentially of a ceramic and/or

hardfacing alloy matrix composite.

8. The apparatus according to claim 1, whereincramic and/or hardfacing alloy matrix
composite substrate comprises a seat (20) corgistigentially of a ceramic and/or hardfacing

alloy matrix composite.

9. The apparatus according to claim 1, whereinlokefriction coating (30) comprises a

diamondlike carbon coating.
10. A method of manufacturing a gate valve (10arabterized by:

welding a hardfacing alloy matrix composite matke¢44, 48) onto an engaging face (26)

of a gate valve (42); and

depositing a low-friction coating (30) onto the agmng face above the hardfacing alloy matrix

composite material.

11. The method of claim 10, wherein the engagig {26) comprises Inconel and welding a
hardfacing alloy matrix composite material (44,48jo the engaging face (28) of the gate valve

(42) comprises welding the hardfacing alloy mataxnposite material (44, 48) onto the Inconel.
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