MINI BRAZE PREFORMS BACKGROUND OF THE INVENTION This invention relates generally to
braze joining of metallic components and more patrticularly to braze alloy preforms. Metallic
components, especially gas turbine enping BamppramaOR@Often bonded to each other through
brazing. In brazing, a metallic alloy with a melting point lower than the components being joined is
placed betwegitihs seppReisNiiagntire assembly is then heated to a temperature above the
melting point of the braze alloy and below the melting point of the components, causing the alloy to
flow into %tt]]éasjoint. When cooled, the tregult IS a struqéurali'ﬁint that is produced Withom detrimentally
effecting the MStANIrgicAl Propartics oPIRE f8IRed Rompd Sﬁpg@é\%ﬁsaarrﬁﬁi%?rﬁr?%lg Yds'&xist for
placemenitredfethidobrag@radioy into the joint. But there are shortcomings associated with each prior art
method. For example, braze slurry can used, but the material is hand applied and the control of the
alloy beagsiziids:ORpsatalk IePenEen B radmEaneiatdas Maducad Hem rRawdears and hirders but it
has a ver%fu[imi eg shelf I}jfle and is fra}giLc—;,;o h?gdle.tgraze \{virefrefolrms can be produced by drawing
§ e SHape Solbiizing the wike ITRrS8 8énfn8ﬁ’i%rg%a&ﬁ HEPrEgELtits. However,

wire, forming the sha an}()ﬁﬁlgﬁ’ boronizing
only alloyeethatieirsdiawéiskl dretvrmmirhboromoambe Priodgoed pshidbinethddn Prefoims ean be

produced; by casting.aiarmotiursg maerial @@%%%ﬁ@%ﬁ@%@&&%@-J&&ggﬁ&%@b@hﬁ@es are then

cut from the sintered tape. This process limits itself to two-dimensional shapes. Three-dimensional
preforms CEIP B o SRISES Hist the fadinreliodhtisivg NAsD tratcchitly Bt RifmGERtédRdingly, there
is a needthar & methadd et cagderalile dfaampreformsiaivipgaarbitiatyishapes: BRdEF
SUMMAI%Xmg(IfnéI;lI;gE INVENTION The above-mentioned need is met by the present invention, which
according to one aspect provides a method of assembling a swirler assembly by brazing, comprising:
providing a flare cone, a swirl cup, a deflector and a dome plate; providing a mixture of a brazing alloy
in metalli® PSHHERIDAR FHaPadsinder-ehalrg Bidbermra AlwiHg i AfiturdBy thetdFjection
molding isltoredinstgerefeaial setondippeforr, mgibtod. tRird-paefrbraitedihe siemetinpeltihg the binder
and formie g KIS IR PRIICHIDS.RAERINGL IR PRHAR 1@ fEmase A MARIYHRLIS pinder from

the performs; after the step of removing a portion of'the bin rom the performs, heating the performs
to a tempEraRGrEBRIERY fFRINIBETHSS A St Ev fthesmetaldipsadidicluthign endaghetts cause the
metallic pewder B-fuseitegetifento aimulilanenidsly remaverheempindes efdhadbindar anrd sinter the
metallic %%;gr’ rgogtggh%r'eaftoerhggg ds'%eep oglggatig%tth(% égrgsfor s tg fuse togelthehthfe rp%tallic powder,
holding the prezflofgms at the temperature 1o ConBolidate t eaﬁrséforrﬁ‘sv;e‘ﬁ?&cﬁlgy the st pare%?m between
the flare éotrerblpdraetifiebaplirdn dalpsotfsed tof therseidc uireplacimngithe weodurd prefstimeinto an
annular gragyedefineddaithe swithsHRnaRRdiacingthedhise prafarmat adungiue abthe.deflector and

the dome plate; heatig%jrt?he flare cone, swirl cup, deflector and dome plate and the preforms to a

tem peratﬁ’?geﬁ%dléweth STGDHSRDIRRE RarEOcERE LM St e A Stior BRI YRS TS ind above
the meltingpsiptwitiee prefosmeitvesaddedhe rakbeatloygommelibandgflow; and allowing the braze alloy
to cool to form a bond between the flare cone and swirl cup and the deflector and dome plate.

Accordingly, there is a need for a method of producing durable braze preforms having arbitrary

shapes.



Also disclosed is a method of producing a braze preform, including: providing a mixture of a brazing
alloy in metallic powder form and a binder; melting the binder and forming the mixture into a preform
having a pitd#StisthvshRpe)FAMBVING ENauetion of the binder from the preform, and heating the

preform to remove the remainder of the binder and to sinter the metallic powder together. In addition,

there is disglosetafesbachol oandiag ageler o melalls FomARReIS WAiE ngludgs; roviding a

mixture of a brazing alloy in metallic powder form and a binder; melting the binder and forming the
mixture if HY5ret g AR G pr LS dctad h ADe N i 4n Bor BRI BPEN i b frthe preform:
heating thererefownl pemipdecthearenainde plafehedinder-ant tosimenthemnatallis pewder together;
placing the preform adiacent.ta or within ajoint defined hetween the metallic components; heating the
metallic gg’mp_onents and t elpr%fo\ﬁéréglgga tthe%nrw%ﬁiécr%arufrl}g Eé’%%“ rg}%gll )i(%epo?fntr%%%it]ﬁ erctté?l%he metallic
componeRE &R BV E tharHiEHing Jsenme orefsratd mibisdcaaienhefisrake dHoyfmehislg tded flow into

the joint; ali@eingdirebiazeatonie ool fo-Aom, ahomnd betwaesihameatalic LRMPOReHE Further

disclose i.s(? ethotg of %rodu,ci a metallicfcomponent with a wearcoated surface which includes:
providing énmelr%ﬂor%} ofd \?veoéfkg?égrl}%%% FiSReHar A Bt ROFE R SWg‘?{oﬁgnbiﬁaéﬁrm’é?ﬁng the

binder anekfonmibig phdomixtre etvasorefbeinvh dvinigudpsesalaritdeshbihe nenioyingvdepbrtion of the
binder from.the.Bgfor:cherling hemIRfQsm. ie-remaxe igdemainderafneRipderand (gsinter the

metallic powder, together; placing the preform adI[acent the surface; placing a braze alloy in contact
with the WERFPESFAMSRAER - h ez Lrfagtal ‘Fié?ﬂWﬁjg‘j‘iﬁ‘égﬁti[’éﬁ‘ﬂélﬁg‘?fo‘ﬁ?pﬁﬁéﬁfs}}‘iﬁg%r@?e alloy, and
the prefommeformastem feratogetibelove thetigltingvdainholieitharcoptttermetallic compenent and the
Wear_res'é&ﬁ%lﬁ‘é@é%ﬁ%r%gnép ﬁg&{g‘%nﬁj&ggeﬁo%]%g&}&e re%?al;"@ctong ol g t&%e?%a%l?l(?ﬂllio tO melt
and flow into the joint; and allowing the braze alloy to cool to form a bond between the metallic
componefiF e thevesrl @eisbistia e fetoBE PDESC RIPMON R THEDRAWINGSIThe

inventionsmawiepiesiundenstooe byneie encaite thenfollawing deseripiondaken iRAapjunction with
the accorﬁgr%né{)ixqg gvrv%\!lv ian%,ﬁgelHeec%ip a\ﬁ\{crl] iggr:ne plate and the preforms to a temperature below the

melting point of the flare cone, swirl cup, deflector and dome plate and above the meliing point of

the preforms to cause the braze alioy to melt and flow; and allowing the braze alloy to cool to

form a bond between the flare cone and swirl cup and the deflector and dome plate.

Also disclosed is a method of producing a braze preform, including: providing a mixture

ofa

la



Figure 1 is a cross-sectional view of a combustor for a gas turbine engine; Figur(_a 2is an ex_plod(_ad
side view of a portion of the combustor shown in Figure 1; Figure 3 is a schematic perspective view of

a gas turhineienging nozzleliandigured bsuaassﬁﬁea,a;ﬂ@lﬁﬂgtﬁiewn@&aaﬁaaf%%&ﬁgf&%@%ée 5is afn
enlarged cross-sectional view taken alang Imes 5-5 of Figure 4; Figure 6 js a schematic en view of an
alternative Org'zpemé%ﬁe grl?ﬁf Eigdre E?gafg%l %‘ﬁ?aef‘gﬁélaogr% s?—gglét %éﬁéﬁfmf%ﬁ%ﬁﬁ RARigr7 of Figure
6; Figure Buslsatiisdispedionnioiencut shpostivmdirthetmobzideofifgurindy Big ureglis mwarnd view of a
prefoim fagdésepvith the nozzle of Figure 3; and Figure 10 is a top view of the prefoim of Figure 9.
DETAILED DESCRIPTION OF THE INVENTION Referring to the drawings wherein identical reference

. . : :
numeralslg_ea gg trpeﬂlsez%g_]l% g!&%gergsatmgﬁg&%y%th%.var%ous views, FI%;J} %e% ?s}gﬁgnvgﬁ% I(i:‘ggn%ti)éj?éotrh io 0

the type suUitable T0r USE in & §as furbing engine  THe BreSSHeEnt
brazing _ibfledhertypainsfmetaiticof erpoine ntsyromitiadiingpexaniptesiod whitchiinohide: tbtating
turbine blaglgs; slationary ERINGYARRS « HIIRE SBFRIOS, RAGthE: lghg?pe; removing a portion of
the binder from the preform; heating the preform to remove the remainder of the binder and to
sinter the metallic powder together; placing the preform adjacent to or within a joint defined
between the metallic components; heating the metallic components and the preform to a
temperature below the melting point of either of the metallic components and above the melting
point of the preform to cause the braze alloy to melt and flow into the joint; allowing the braze

alloy to cool to form a bond between the metallic components.

Further disclosed is a method of producing a metallic component with a wearcoated surface
which includes: providing a mixture of a wear-resistant material in metallic powder form and a
binder; melting the binder and forming the mixture into a preform having a preselected shape;
removing a portion of the binder from the preform; heating the preform to remove the remainder
of the binder and to sinter the metallic powder together; placing the preform adjacent the surface;
placing a braze alloy in contact with the wear-resistant material and the surface; heating the
metallic corponents, the braze alloy, and the preform to a temperature below the melting point of
cither of the metallic component and the wear-resistant material, and above the melting point of
the preform o cause the braze alloy to melt and flow into the joint; and allowing the braze alloy

to cool to form a bond between the metallic component and the wear-resistant material.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be best understood by reference to the following description taken in

conjunction with the accompanying drawing figures in which:



The combustor 10 includes a chamber 12 defined between annular inner and outer liners 14 and 16.
Disposed between and interconnecting the outer and inner liners 14 and 16 near their upstream ends
is an annular dome plate 18. A plurality of circumferentially spaced swirler assemblies 20 are disposed
in the dome plate 18. A fuel tube 22 extends from a manifold 24 to each of the swirler assemblies 20.
Figure 2 illustrates one of the swirler assemblies 20 in more detail, with its components disassembled.
Componentpighibe aitessai shamndisasaaila foFigie 2, e fonuaidend of each swirler
assembly 20 encompasses a swirl cup 26 which includes a primary swirler2/, a venturi 29, and a
secondary swirler 31. The swirl cup 26 may be made of a single casting, or from separate elements
joined toge %@%ﬁ%ﬁipﬁ?&%%ﬁé’%ﬁf BRISOSFTItRepOrBPHENI GBS Winisr Higtre dter axially
extending annular flanges 28 and 30, disposed concentrically about the longitudinal axis of the swirl

cup 26, withFilzeroGter asvhetanflapgepdoispaced iomdheinmae #apge 28-50-as:tp define an annular
groove 32 therebetween. The outer annular flange 30 defines an outer cylindrical surface 34 that is

received withip, an o 'gﬁ or {agele 36 formed in the dome plate 18. The inner annular flange 28
defines an inn%lr cylll{r%ga;yca Surtace gth%?]sawglrr%?%%%n%y 20 includes an outlet sleeve or flare cone

40 attached to the downstream end of swirl cup 26. The outlet sleeve 40 has a substantially cylindrical
body portioh U2t apstrasgaderidsarg ot flarbuior dikengibm pdirtiort HModtfitsewnstream end. The
body portion 42 is sized so that its upstream end will fit inside the inner cylindrical surface 38 of the

swil cup 26 peiasiotdinalstatiacied in e doanisiieam,Rdial swirl cup 26. The deflector 46
na an

has a substantially cylindrical body portion 48 at its upstream a flared or diverging portion 50
at its downsfream ,?nd. Th%é)god portion 48 is sized so that its upstream end will fit within the annular

groove 32 of tHE swirl Tup EHErEE IR ¥R dricssdamnyine dré akEienmiéd by brazing. In

contrast to prior art practice, the brazing alloy is provided as a prefoin, made by metal injection

molding (MIMyaed positioreskatbhaaentoor withipiaisis defined iy epmperent parts to be joined. In the
illustrated example, a first preform 52A (shown in detail in Figures 4 and 5) is an annular band with a

generally regt l,ga crossrsectional shape which is disposed between the flare cone 40 and the inner
cylindrical surgace 3’5 of ﬁ%lsg Swirl %%%158?%?%%%6&550% %%%sﬂ g\)ﬁ‘w&eﬁ‘rfﬂin Figures 6 and 7) is
a ring of circular cross-section wire placed into the annular groove 32. A third prefoilli 52C is another
ring of circuldEds8-BectiorvwircopihcauefotirediiRature%f the deflector and the dome plate 18. Many

configurations of braze joints are known, and the size and shape of the preforms 52 may be varied as

needed to pravidg the desied preqoraesitapdnguantitygloraze alloy for a particular application.

Referring to the drawings wherein identical reference numerals denote the same elements
throughout the various views, Figure 1 shows a combustor 10 of the type suitable for use
in a gas turbine engine. The present invention is equaliy applicable to the brazing of
other types of metallic components, non-limiting exampiles of which include rotating

turbine blades, stationary turbine vanes, turbine shrouds, and the like.

The combustor 10 includes a chamber 12 defined between annular inner and outer Hners
14 and 16. Disposed between and interconnecting the outer and inner liners 14 and 16
near their upstream ends is an annular dome plate 18. A plurality of circumferentially
spaced swirler assemblies 20 are disposed in the dome plate 18. A fuel tube 22 extends
from a manifold 24 to each of the swirler assemblies 20. Figure 2 illustrates one of the
swirler assemblies 20 in more detail, with its components disassembled. Components of
the swirler are shown disassembled in Figure 2. The forward end of each swirler

assembly 20 encompasses a swirl cup 26 which includes a primary swirler 27, a venturi



Once the swirler assembly 20 has been pre-assembled and fixtured as necessary, it is subjected to a
known brazing cycle which melts the preforms 52A, 52B, 52C, forming metallurgical bonds between
the swirler assembly components. The braze prefotins 52A, 52B and 52C are manufactured as
follows. Initially, a braze alloy in the form of a metallic powder and a suitable binder are provided.
Suitable braze alloys are known in the art and typically include an alloy base similar to the component

oeing brazeshanda /Meling ot RPeSaL Kaaan BIBIR R09RALEMPNSNIe, Mg Lipze alloy is

typically nickel-based or cobalt-based. The braze alloy composition typically contains 6ne or more
componentd$Tion kswesairete enisliviggoivgashehbsbdpsamnglioy for ease of fabrication and to ensure that
the braze alloy melts in a temperature range lower than that of any components being joined. Melting

point suppressanis R BickelPass,and-crbaliarcbiars allavrincluesisiliconshyreRpResphorous,

or combinations thereof The x‘qfcific braze alloy used is not of particularimportance so long as it is
capable of BERgEhFocExE a8, isisnessovvaBesairie N Stcioneithdinmdsisrmbthbevarycmaterial which
is chemicallycqppatibl,yith ihe petallic powslerand which allows, the reauined progessing (€.9.
mixing, injection, solidification, and leaching). Examples ot# kInown sul ak%%eaﬁr%%(r%%?ﬁﬁég waxes and
polymer resi#isuiphabingeriwycbetprovide: irutepowdlar fdenge Bhel binde manuithevimetadiit powder are

thoroughly myixed.tegether. The.mi is then heated to mel binder and create a fluid with the
metallic powder c%ateg%ystg%%i{g%get‘%{ﬁg(%nt e%ﬁ&uorree'sgré%rrgn%em Sgafnp?é%gc?grl%%%g shape, such as
the rings or banus deseritedlabgyés Geenamanohfemingdneahixtdzecid 2o use a known

injection-molding apparatus to extrude the mixture into the cavity of a mold. The mold may optionally

e heated ta yaggcessiaby anid-saligilication ol hekindermibichyould iesuldn @ hitle preform.

Instead of melting the binder in a discrete batch, the mixture could be mol IN'a continuous manner

using knownldrjestiernsoftit gvaguipriEniidapatties sicavefing thetintetiakyit passés:throygh the

screw. Oncg iR AR ACUALRE o136 MRS RFAEHEPIIS et TI0gNISRIpRGIRd or "areen”
preform is removed.
The body portion 42 is sized so that its upstream end will fit inside the inner cylindrical

surface 38 of the swirl cup 26.

A deflector 46 is also attached to the downstream end of swirl cup 26. The deflector 46
has a substantially cylindrical body portion 48 at its upstream end and a flared or
diverging portion 50 at its downstream end. The body portion 48 is sized so that its

upstream end will fit within the annular groove 32 of the swirl cup 26.

The parts of the swirler assembly 20 are assembled by brazing. In contrast to prior art
practice, the brazing alloy is provided as a preform made by metal injection molding
(MIM} and positioned adjacent or within joints defined by component parts to be joined.
In the illustrated example, a first preform 52A (shown in detail in Figures 4 and 5) is an
annular band with a generally. rectangular cross-sectional shape which is disposed
between the flare cone 40 and the inner cylindrical surface 38 of the swirl cup 26. A
second preform 52B (shown in detail in Figures 6 and 7) is aring of circular cross-section
wire placed into the annular groove 32. A third preform 52C is another ring of circular
cross-section wire placed at the juncture of the deflecior and the dome plate 18. Many
configurations of braze joints are known, and the size and shape of the preforms 52 may
be varied as needed to provide the desired pre-braze fit and quantity of braze alioy fora

particular application.



The green prefoun comprises metal particles suspended in the solidified binder. The preform is not
suitable for use as a finished component, but merely has sufficient mechanical strength to undergo
further processing. The preform is leached to remove a portion of the binder, creating a "brown"
preform. The portion of the binder removed may comprise a majority of the binder volume. The
removal may be achieved by submerging or washing the preform with a suitable solvent which

dissolves therhinder buirtipesseaiiajiackike-ratplicRuuiadNes stheerefolinissiniergds The preform
is placed in a chamber which includes means for creatin?; suitable atmosphere to prevent undesired

oxidation of HRASGHESdhd EP O PraaRE GHE Tt imelstherivig Toresi A5 2BppR ofiarngas such as

argon may he-eonpasieddadhsdrietoneftbgichambar J E&xﬁ%}%@ could also be perfol med under a
vacuum. A heating source is disposed in communication with the chamber. The preform is heated to a

temperature.pelow the liguidus temperature_of the metallic powder and high enough to cause the
metallic poﬁg r ;5%%@%6&@'{@ %%5%%&?%3%%5?%81@&@0 ey frikamperaitadisiddmets and drives

out any remaisinig kiederm e prefonm ipheld aldhedrairdigmepsraliiriaua selected time period
long enough to result in a consolidated preform. The heating rate is selected depending on variables

such as the of the prefol in and the and the desired cycle time of the sintering process. When the
sintering cygnflel%l%&ceo{?ﬁ%%gté? ?P{Seaﬁ?ae&%?wglr &V 1&%%%68@5&8%%@9@&‘%4%69 When
required, thepreformirasyteemgiieetddo JurbencopsalidationsingrR KeaWRLISGsIRNc pressing
("HIP™) process to result in a substantjally 100% dense component. If desired, the prefoun may be

subjected tSZARMSRL: HP6REeeealaicH SO AHF MskhImASSoanRRRMsset o cieazn dlkmown
manner. This#gsisisn @ivishesdRiaioun-22/ 2 BoRRnWhidh it teady: 1AL HefiRua.biazing process

as describe a%ove. The use of the MIM process described above will allow braze preforms 52A. 52B,

52C to be prSUOEEE WTeh RottaerapIEoE sHivnarRB i st dhdrpsselivammsliedeast than

temperature range lower than that of any components being joined. Melting point
suppressants for nickel-base and cobalt-base braze alloys include silicon, boron,

phosphorous, or combinations thereof.

The specific braze alloy used is not of particular importance so long as it is capable of

being processed into a powder for the MIM process.

The binder may be any material which is chemically compatible with the metaliic powder
and whjch allows the required processing (e.g. mixing, injection, solidification, and
leaching). Examples of known suitable binders include waxes and polymer resins. The

binder may be provided in a powder form.

The binder and the metallic powder are thoroughly mixed together. The mixture is then
heated to melt the binder and create a fluid with the metaliic powder coated by the binder.
Next, the mixture is formed into a predetermined shape, such as the rings or bands
described above. One way of forming the mixture is to use a known injection-molding
apparatus to extrude the mixture into the cavity of a mold. The mold may optionally be
heated to avoid excessively rapid solidification of the binder which would result in a
brittle preform. Instead of melting the binder in a discrete batch, the mixture could be

molded in a continuous manner using known injection molding equipment capable of



drawn braze wire or sintered braze tape. MIM preforms 52A, 5M, 52C as described above would have
similar density to known drawn braze wire or sintered tape (i.e. substantially 100% dense) versus
ropes or slurry pastes at about 50% dense. The denser material would allow the braze reservoir size
to decrease since the MIM preform 52A, 528, 52C have increased density to feed the braze joint. The
MIM process may also be used to create preforms usable as wearcoats. For example, Figure 3 depicts
an exemplaieltinsiteerivadte sefmentSthimgngheozzievnes bf disposetpeieeRargyate outer and

inner bands,p8 and, 60, Fhe vanes 26 define airfoils, configured so as to direct the combustion gases to
a turbine rotor (not gloﬁvn)g%cateedea%\t/@n tream: aé:F%(gﬂrT%e%té’F efﬁ’a%ﬁé‘?%%\&ﬁﬂ}s 58 and 60 define

the outer and inner radial boundaries, respectively, of the gas flow through the nozzle segment 54. A
gas turbine EifyHechnRierm e anplisediy ot spoticeymepts: 54 drr dngedidifiedergatiatiygn an annular

configuration-Reriqns,of the aft.sHifages 62 and 64 of the outer and inner bands 58 and 60 are
subject to rcglkgtive motion and wear aga%ineégt S;ggfsglgﬁfscg SEhyiRg TEFEhe ?ﬁbl%lfg"b?ﬁbide a

wear-resistaHicarivgl frenetietsurfdors. Thisemay desitand by mpplying dcpeaiarm candaining a

wear-resist BLipAt j e surfaces Qr portions thereqf, for example radiused recesses 70 of the
outer band 58as s%v%é%}g%%rg E?[ the prﬁgvrnallff?ﬁ% Sﬁé?d?ﬂ@@&}é’ IR ST EREERId tape and

are generaiydinmitsthtos ewordieinsion ishaes. viilisoe qdires-bandaplending afins grefprm to fit into
the machinggb;glgliugl 9{} tt\lf\(]eagglcnes?1 70 or the use of an offset to keep the prefoi in out of this radius. The
present invention provides & method for FaRny ITetaPiRs thaP A A dissbraplbs thids dnensional
shapes. Exéneplaoy praforinsib&Ale shaged and sized to fit into and conform to the recesses 70 (see
Figures 8, 9, and 10). In this particular example, the preforms 66 are plate-like members with radiused

side and ragfjally inner es 6.7 .an respectively. The preforms 66 are made using a MIM process
substantially sinﬁilagﬁoe?#e%lp%osclgts%eglézﬁciﬁﬁ)er 4 o%/segflgﬁﬁé ﬁgénb SO eIt R the steps of

mixing a méakiepingdeusno aatinspherjectinvenoltingihe sixduieleamRale R rdreanharefoim,
leaching th?egj:ni%%g f(riomnth?hgreep greform to c\tgeate a "brown" preform, and finally sintering the brown
preform to produce a HNar preform USAOTECRESS WeSPEBLY, 4hidse Sy SRR &xarspledra bleature that

can be embodiedtinl aoiibipeoduot chpefarseyithoutihernead fn handdiending.dn.addition to the

braze alloy as gescgbﬁdtabove, the preforms 66 include a wear-resistant material. The wear-resistant
material may COMmprise A et SRS Vs AP RSt st orfisR avishdheptbamtewear-resistant powder
comprises a carbide, particularly a chromium carbide. The chromium carbide may be selected from the
group consistingrefa@r2806aEd 1 CBi«Greanantiombinatipns.theresi-athe shrgmiym garbide is
generally i%g)@d];c%r% @ ?gre-allgxetd carbid% %)owdegr_, wherein the particles of the powder are
homogenedus and uniform fRroughoutIRSir RrJBE e iBRY IR BRTEFaIlP fHecclagsieindedrbide, such

as Cr3 C2, mayhédteechigithoanethernaterabiaush asNCrwhichdunstinps aga metallic binder.
Alternativel tpe reforms 66 may include a known alloy wear-resistant material that forms a lubricious
| eat I%S EHJ

oxide film over s sura RS RF AT AREHGH CHBRBYROK teect s fateedelte between

the treated icompansgitantiaejasentrsE et ecathioh SeMReIALEsH e Lnaleye 10009 k) to reduce
wear. One %articular roup of materials that forms a lubricating or lubricious oxide film includes cobalt

alloys. ExatpiB8Srdpheife ioiasatsiby epribssiaoirdsvalansysméars sisitstng pompssitions are
described in U.S. Patent 6,451,454, issued to Hasz et al. and assigned to the assignee of the present
invention. When the sintering cycle is complete, the preform is removed from the chamber and

allowed to cool. When required, the preform may be subjected to further consolidation
using a known hot isostatic pressing ("HIP") process to result in a substantially 100%
dense component. If desired, the preform rﬁay be subjected to additional processes such
as final machining, coating, inspection, etc. in a known manner. This results in 2 finished

preform 52A, 52B, 52C which is ready for use in a brazing process as described above.

The use of the MIM process described above will allow braze preforms 52A, 52B, 52C to

be produced which would replace prior art braze ropes or shurry pastes at lower cost than

-6 -



It is also possible to eliminate the braze alloy from the preforms 66, by using the MIM process
described above with only the wear-resistant material and the binder. In this situation, members of
braze material (not shown) would be provided separately and disposed between the perfonus 66 and
the recesses 70. The braze material could be made from commercially available green braze tapes,
generally containing as nickel-base or cobalt-base braze alloys, or it could be formed by a MIM
process as diescribedabovefoithediraze prefermd B2 pibempieflmseE coOnfainidgsthbydear-resistant
material are then bonledeg to the recesses, 70. %ﬁneral , the bonding[st%) is carried out. by brazing,

n

ave simt SHE Ao (Iég'g ment 54 or

wherein theag?ggewaol?oy melts, wi ouffnésﬁ SRR ﬁt‘%’éhéaﬁ%?ﬁi’
the wear-resistamitpdidit(E8o Thesby azings mparailinesipiargely tepehtianicuponthe dypsof braze alloy

used. Because the bra loy generally has a lower melting point than that of the wear-resistant
ateria 8 BYATS S LR T e MR BB AGEAE SRS B daresistant
material subsemialyiRtackeihdugh mine kedaienand @issolution of the wear powder and substrate
may occur. The foregoing has described a process for making braze prefolins. While specific

y

embodime%é)l(ﬁi%iggc%%ﬁnigﬁlgﬁti%%Qsaev t(pgreentg\gl\% %%%%éist ﬁf" be agﬁ)qarepito those slfilled in the
art that various modifications thereto can be made Wi BRITiRY Tohi e SS9 PERP Seope of the
invention. Atigardingiiepibe faregeingidesciiption abihle prgtasadseniodimantat thenvestion and the
et e eCiEng e e re v i e ot o ustale ony g ot o e

configured so as to direct the combustion gases to a turbine rotor (not shown) located

downstream thereof. The outer and inner bands 58 and 60 define the outer and inner

radial boundaries, respectively, of the gas flow through the nozzle segment 54. A gas

turbine engine will include a plurality of such segments 54 arranged circumferentially in

an annular configuration. Portions of the aft surfaces 62 and 64 of the outer and inner

bands 58 and 60 are subject to relative motion and wear against other parts of the engine.

It is desirable to provide a wear-resistant quality to these surfaces. This may be done by

applying a preform containing a wear-resistant material to those surfaces or portions

thereof, for example radiused recesses 70 of the outer band 58as shown in Figure 3. In

the prior art, these preforms are made from sintered tape and are generally limited to two-

dimensional shapes. This requires hand blending of the preform to fit into the machined

radius of the recess 70 or the use of an offset to keep the preform out of this radius. The

present invention provides a method for making preforms that can have complex three

dimensional shapes.

Exemplary preforms 66 are shaped and sized to fit into and conform to the recesses 70
(see Figures &, 9, and 10). In this particular example, the preforms 66 are plate-like
members with radiused side and radially inner edges 67 and 69, respectively. The
preforms 66 are made using a MIM process substantially similar o the process described
above for the braze preforms 52, including the steps of mixing a metallic powder and a
binder, injection molding the mixture to create a "green” preform, leaching the binder
from the green preform to create a "brown" preform, and finally sintering the brown

preform to produce a final preform usable as a wearcoat. This is only one example of a
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What is claimed is: 1. A method of assembling a swirler assembly by brazing, comprising: providing a
flare cone, a swirl cup, a deflector and a dome plate; providing a mixture of a brazing alloy in metallic
powder form and a binder; melting the binder and forming the mixture by metal injection
molding into a first preform, a second preform, and a third preform; - after the step of melting
the binder and forming the mixture into performs, leaching the performs to remove a majority of the

binder fromfthenpetforms; be embodiiérithe sIRy-pfcémeyipefoporighaltthe hindeforagndhe performs,
heating thegzer%)rms to a temperature below the liquidus temperature of the metallic powder but high
enough to &€ e metallic powder to fuse together to simultaneously remove the remainder of the
binder and sinter the metallic powder together;

In addition to the braze alloy as described above, the preforms 66 include a wear-

resistant material. The wear-resistant material may comprise a ceramic wear-resistant
powder. In one example, the wear-resistant powder comprises a carbide, particularly a
chromium carbide. The chromium carbide may be selected from the group consisting of
Cr23Ce, Cr7 Gy, CraCy, and combinations thereof. The chromium carbide is generally in
the form of a pre-alloyed carbide powder, wherein the particles of the powder are
homogeneous and uniform throughout their cross sections. Alternatively, the chromium
carbide, such as Cry; C;, may be blended with another material, such as NiCr which

functions as a metallic binder.

Alternatively, the preforms 66 may include a known alloy wear-resistant material that
forms a lubricious oxide film over its surface during actual use, which oxide functions to
lubricate the interface between the treated component and adjacent structure at high
temperatures (¢.g.. above 1000° F ) to reduce wear. One particular group of materials that

forms a lubricating or lubricious oxide film includes cobalt alloys.

Examples of specific braze alloy compositions and alloy wear-resistant compositions are
described m U.S. Patent 6,451,454, issued to Hasz et al. and assigned to the assignee of

the present mvention.

1t 1s also possible to eliminate the braze alloy from the preforms 66, by using the MIM
process described above with only the wear-resistant material and the binder. In this
situation, members of braze material (not shown) would be provided separately and
disposed between the performs 66 and the recesses 70. The braze material could be made
from commercially available green braze tapes, generally containing as nickel-base or

cobali-base braze alloys, or it could be formed by a MIM process as described above for

the braze preforms 52.

The preforms 66 containing the wear-resistant material are then bonded to the recesses

70. Generally, the bonding step is carried out by brazing, wherein the braze alloy melts,

-



after the step of heating the preforms to fuse together the metallic powder, holding the preforms at the
temperature to consolidate the preforms; placing the first preform between the flare cone and
an inner cylindrical surface of the swirl cup, placing the second preform into an annular groove defined
by the swirl cup, and placing the third preform at a juncture of the deflector and the dome plate;
heating the flare cone, swirl cup, deflector and dome plate and the preforms to a temperature below

the meltingwpitint:ofithefiarenciabetavdithcrp]defletios and demenplatesandirboye theimelting point of
the preforms to f&gumrg?braze alloy to melt and flow; and allowing the braze alloy to cool to
e

form a bon8BE FAPS EAPRSEE & il EDy ATaHE IR R SiR 12¥8Y ¥¢he method of

claim 1 furttBascaaseptisibg:peHnoNinghahol isestalicrressing ireatmantenHhepraiorms after the
heating step and before ,placing?the preforms adjacent to or within the joints. 3. The method of claim 1

wherein th&éBSHGEF RAsHehdrr iy RRaH R P IHE pramhmaciiAuiss hreringlerrs thenagisie the binder
but not the srefadicRawEe M ferEeumeihed 9ficlalm davherein the heatingisi earting:autin a chamber

having a controlled composition atmosphere.
the wear powder and substrate may occur.

The foregoing has described a process for making braze preforms. While specific
embodiments of the present invention have been described, it will be apparent to those
skilied in the art that various modifications thereto can be made without departing from
the spirit and scope of the invention. Accordingly, the foregoing description of the
preferred embodiment of the invention and the best mode for practicing the invention are

provided for the purpose of illustration only and not for the purpose of limitation, the

invention being defined by the claims.



5. The method of claim 4 wherein the atmosphere is an inert gas. 6. The method of claim 4 wherein
the atmosphere is a reducing atmosphere. 7. The method of claim 1 wherein the metallic powder is an
alloy of nickel or cobalt. 8. The method of claim | wherein the metallic powder includes a melting point
suppressafl,; ic claimed is:  MIM BRAZE PREFORMS ABSTRACT OF THE DISCLOSURE A method
of making a %raze pre?orm 52 includes: providing a mixture of a brazing alloy in metallic powder fool'
and a binbler; méitingthhd dirdemaiih foimirigleh e sseixbisebinior szpaformBBingving a preselected shape;
removing a majority of i p ; ting. the preform 52 to remove the
remainder of the bindeé%%gd %%ii{nﬁfég}lg:rﬁtgl? ne*l’e%agl |CH:I[1)‘E1?1 (’jgirﬁ tggg%?ﬁkenfa%{lfi%lr%?&% 2 may include a
wear-resistant materialptiogréing Sushxpredoring Srampy blaysad tecfeiiic adralze foim betdveen two
metallic qgmgpents, or to produce a metallic component with a wearcoated surface. Fig. 4

melting the binder and forming the mixture by metal injection molding
into a first preform, a second preform, and a third preform;

after the step of melting the binder and forming the mixture inté performs,
leaching the performs to remove a majority of the binder from the performs;

after the step of removing a portion of the binder from the performs,
heating the performs to a temperature below the liquidus temperature of the metallic
powder but high enough to cause the metallic powder to fuse together to simultaneously
remove the remainder of the binder and sinter the metallic powder together;

after the step of heating the preforms to fuse together the metallic powder,
holding the preforms at the temperafure to consolidate the preforms;

placing the first preform between the flare cone and an inner cylindrical
surface of the swirl cup, placing the second preform into an annular groove defined by
the swirl cup, and placing the third preform at a juncture of the deflector and the dome
plate;

heating the flare cone, swirl cup, deflector and dome plate and the
preforms to a temperature below the melting point of the flare cone, swirl cup, deflector
and dome plate and above the melting point of the preforms to cause the braze alloy to
melt and flow; and

allowing the braze alloy to cool to form a bond between the flare cone and

swirl cup and the deflector and dome plate.
2. The method of claim 1 further comprising performing a hot isostatic pressing

treatment on the preforms after the heating step and before placing the preforms adjacent

to or within the joints.
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3. The method of claim 1 wherein the binder is leached by washing the preforms

with a solvent selected to dissolve the binder but not the metallic powder.

4, The method of claim 1 wherein the heating is carried out in a chamber having a

controlled composition atmosphere.

5. The method of claim 4 wherein the atmosphere is an inert gas.

6. The method of claim 4 wherein the atmosphere is a reducing atmosphere.

7. The method of claim 1 wherein the metallic powder is an alloy of nickel or cobalt.
8. The method of claim 1 wherein the metallic powder includes a melting point
suppressant.
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