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-1 METHOD OF RESTORI NG DI MENSI ONS OF AN Al RFO L AND
PREFORM FOR PERFORM NG SAME Technical Field 5 The
present invention relates generally to a nmethod of
restoring an article such as an airfoil, and, nore
specifically, to a nmethod of restoring an airfoil using
a two-layer preform Background Art 10 A gas turbine
engi ne includes a conpressor-lsection, a conbustion
section, and a turbine section. D sposed within the
turbine section are alternating rows of rotatable
bl ades and st a{E¢HGAYOF RESTORING PRHSIS@N@ases pass
t hrough the t on, € Dblades are rotatably
dri ven,OF ANMAIRFQIIsAND PREBORM FORPERBORMING SAME
work for driving the conpressor section and other
auxiliary systens. The higher the gas tenperature, the
15 nmore work that can b : : in the turbine
section and the greater(1}‘31)]%&ﬂﬁéi | efficiency. In
or dThe presémadnengen tdisted genarally te e aidtion affrestatingian article such as
tenperature capability, copalt_  and nicke f{o based
an aigkody and, agprﬁme@rficallg, talaé“‘E}E%OfiTGS‘BF%%é‘f Helsigrafgslayer
pre 'r;er | bl ades and vanes. Such materials maintain
nechani cal strength at high tenperatures. The static
vanes, disposed between the rows of rotating bl ades,
stabilize and direct 2Q the gas flow from one row of
rotating turbine bl adesBagkgraandAstt row, with a nozzle
are
van b Bb ARG nhe B AR T oA R Ao BB AR cton, and a
turlifi® Bétitioff D&&p’dﬂe@%ﬁthﬂﬂhe thrbifie s&igioh Urdileenastidg rbwsof rotatable

Generally, the nozzle flow area is assigned a series

blades and:ptaticrvapes | Hnhefrembustiongasesnss drengk the turhie section, the
bla&?so%g?c%tfltlgglyb \ﬁé Ltﬁ%\}n iy El‘?‘aftf Hd tﬂ&?%)i[?mﬂl neg?%ﬁ%i(lfgwlnvmg

the%ﬁﬁr@s@&eaﬁ@ﬁaﬂ&othé}emﬁﬁrﬁsﬁ%fnsn erd\emogheﬁ the@B tennspatire, the
terns of a class size. In service, deterioration of the

moyawerksthat ceadesxtracted insthe tirbing sesticaant dhe eraateribe gverall
efl *cfegl\%;\klf gg Cgs 0 tlrl}% as% at?ﬁ'ﬁ{ﬁ? se%ﬂgn ?ﬁérﬁt?t\%t\é%?}e aﬂJrE: g%)atblht% cobalt

i ngihg on
an(hhlgl?elglﬁ&:d Supekiallgp rr&terialsgﬂc hesane beddut ethert@iriecairfoil blades and
di stortion of the vanes, thereg&l enl argi ng the nozzle

vanis?ﬁ/ud? wateniglstmaintasonsehsoical strepgth at high jemperatures.
O T Tfe SRR vl SO RS s SRR e BAR Wit direct

the gas flow from one row of rotating turbine blades to the next row, with a nozzle area

[47]

defined by the spacing between the adjacent vanes. Such gas flow stabilization optimizes
the amount of work extracted in the turbine section. Generally, the nozzle flow area is
assigned a series of classification numbers that correlate to the volumetric gas flow. This
allows comparison of flow properties between vanes of complex geometry. The nozzle
area is therefore defined for convenience in terms of a class size.

In service, deterioration of the vane surface(s) occurs due to oxidation and metal
erosion caused by abrasives and corrosives in the flowing gas stream impinging on the
vane. In addition, high gas loadings at high temperature promote distortion of the vanes,
thereby enlarging the nozzle flow area, with a consequent loss in turbine efficiency.
During a periodic engine overhaul, the vanes are inspected for physical damage and

evaluated to determine the degree of flow area change (typically by determining the effect
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eval uated to determ ne the degree of flow area change
(typically by determning the effect -2 on nozzle
classification). Before such vanes can be returned to
the engine, any eroded material nust be replaced and
the vanes returned to the original classification
(referred to as being "reclassified"). In addition,
any vanes which suffer a | os2-of netal or a change in
shape due to coating renoval or repair nust be
reclassified 5 Several nmethods exist for

on 'hS 1@@1%&51 ) Cﬁa’of]?éubﬂq LI \Qh Y& Fet ?d & thi ‘éh%iﬂe,%y eroded

erw se |ng t tra I ng edge of the vahe,
matmml owvsinise ltepkacgiazpndiht werens retdjred émthe orggived clabiofieation (referred to

T L AT B,
t th
ISR P BBl R grrent 10 L prove

e t ubes. The
fi xSevdralgnethvdscedst fvcclassifying. (re methed imloives fofdriking or
bendi ng é@al sp distort the vane platformor crush
OthFﬁté'S?/BWéi"ﬂﬂe dreging qdge R the veeh dlRRgWINg the gaR Betvgen pdjacent

aric?d WeGRvel Qi t?)egxmr%%t%dl{lg{]& ks Phat Cp%(ﬂlclg a:gzﬂ:%(? in the vane.

enper at ure a STI'S no or nme avol ecting

Suctabendirg mpy ﬂpebiuseexesmhe afStdramn ofle shiieg pgivhntlr@malpﬁc@er fit
the bendi ng géocess does not add nmetal to the vane

andssgat alclae mtﬁ@a qoding dubss; & h@ﬁﬁt"@@ﬂtdﬁ}"ﬁ?&s much hold the jyages during
beﬁ}ﬂ? rnﬁag/\?vdlso &ist\’ﬁ?@ gﬁ%ﬁqﬁé{r o4 ds"ﬁ?the 951& abs gl lﬂvch i $ending

vane aSSI fy

strésudsskvan ®evvedirRsd, Hov ntang bmenaﬂ@ dflcerm:nﬁﬂn@neﬁhbbmwﬁ ello)tshenot
deteriorated vane surface by a conbi ned wel d/ pl asma

per§prmed tp aweid aéfectingomatgsiak prapertigfesiich i2p Edigre snzﬁrsth FagcaHse the
bermi'%ﬁrocess%égs Zé?ﬁ h?ne%l%?r{ m\&ngts%{zé{:ast-ﬁ?%ﬁf ﬁé g&g@@h contribution.

ron O

AsSucH, a}eeerebﬁared\emefdeés:mmme asohg a asé¢fuhibferas afnepl isen
sprayed | ayers of the alloy then added to achjeve the

pr opapther methodHpe restassifyingusbipg vagies dpiglives tlpesadfletpcgn ofanclloy to
|
eI BRUELOG FURUHEE Rt TR i

deszribed e, SO PatehelN imberns, 038, T8l @rCretel 18 eﬁaﬂdl'lllmmocesh heuitenthe
may be danmaged due to the thermal stresses involved in

addlh@n akveidrhgadplorthe wom susfiee Faareinfasemmerit with paumber of plasma
sprdiae ot S Ths A6 heR BBERD cclielh HE AT aPBE ke Ly

prodedire Reverplabop ﬁit@’fsﬁfea’écluhﬁﬂg B eldenesidd 2Burberzifeveld beads to a
di mensi on where the velocity of the gas flowis

smpll geréase, cleny thy gfaneh ang thenrrdd g mumpepeioayBa spIRY yerss In addition,
vrdagg g'l &\%g:]cﬁgla %ﬁe (rh?]‘e fo tl&? {hgg{l%l 5;%;%%% In@%ﬁfe ’lr% Lh%r\v%lﬁlgﬁ%peranon
Spr @yotHeh Qs@%@&ﬁ%d@élﬂfﬁléﬁmd’ﬂpﬁdy ﬂ?&cds@ EHW»BQS fthemii\eﬂﬁl g-arca of
deterioration. It is to be expected that deterioration will be more severe at the narrowest
nozzle dimension where the velocity of the gas flow is highest. During the plasma spray
process, alloy is added to the surface in very thin layers, forming a broad even pattern.
After completion of the plasma spray, the excess material must be removed from non-
eroded areas of the vane. If the deterioration is severe in specific areas, numerous layers
of the alloy must be added and much of it removed from the non-eroded areas. Sucha

procedure is time consuming and wasteful of the alloy materials involved.

Still another method for refurbishing gas turbine vanes is shown in U.S. Patent
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eroded areas of the vane. If the deterioration is

severe in specific areas, nunerous |ayers of the alloy

nmust be added and nuch of it renmoved fromthe

non- eroded areas. Such a 30 procedure is time consum ng

and wasteful of the alloy materials involved. Still

anot her nethod for refurbishing gas turbine vanes is

shown in U S. Patent -3 Nunbér 4,726,101 to Draghi et

al. Inthis nethod, a build up of alloy in the wear

area is acconplished by controllably applying Iayers

t LARE

Nulﬁ{rl])gf‘4 (;lggqg PEr(]) g?d Etggfl f l‘kl")ﬁ‘sr}gétﬁo& dﬁd;ﬁ X)acfﬁilog}—rh € areais
accmfﬂmlbhe(tb)cmmllaﬂﬂb/epp\hytdg layees ofsutiapd o fure fominl th;,cknws udn tHehane.

mxtur ornmed int sheet. of uni formthickness a )
The S3pe Aef %‘I‘FS@ %ﬂggp\gé%mslekmgan akloy e weph W SFH@P? g with the

VI P e

adlttsive bacid g aAdtet fyplah the thpe inNsyerd wpedediréd tlﬁckmassb tredane is
with the substrate all og Yet anot her met hod f

hegted ioraieameralrs agwhich thapindenand @dhesivs dsgorpposs aﬁfi é‘ef'e@{qwe the
tapgrml |£n%k$&d?%mh{3 Qul# e alﬁg%ent Nunber 5,142,778 to

|s nmethod, the 10 protectlve

coatylengndtBerfréthdd fop Mﬂﬂs}ﬁmgmgdshﬁrlﬁw vaneeoodred be a‘p&ﬂectwe
Thereafter, material is added to surfaces of the

cogtingtishoxyremd; Seaetﬁnﬁ h%'gnberp‘ial 42,708 tp Sprimgehal. dn ‘higanethod, the
prqgéc?qg goat[{%tls ?' 1 rel c%gt}&?‘q 9%65512%%1& e (/Iu?ec eﬁerééﬁlepwtencﬁl is

ace f he

addddaasugateh of thietvahe rithe afds adqeﬁmg&épdnha replatanent of tHeheroded
distorted areas are nelted, solidified, and cooled to

majgrig and bfmék?éé? thespefages. Aolepsr e dnthen digetpd ataR swfacedn the
dlsﬂﬁ'{e? ra'r Sl}é] fhﬁ& oAt g.refag 8frqh;: Iglgrfg‘éir ff eedIQIBF{F(?] gx%a; are melted,
pr ot ec I ed.

ve coating 1s reapp not

solidifiett, Ahd boslgd gaambivrittemperdsane® fofmdirseisplaget. IAnyU:XSess material
Patent Nunber 5,522,134 to Rowe et al. The nmet hod of
is removed Bomdhe surfagaad the mpteciiwf‘cqqaaeg isyreepplistleps of

e R U R R R e

Nupibt 6,520aBateRowvBRt alp e MhidtRdEofiBitetatien itRowb kpalgiliides the
20 Thereafter any protective coatings are renoved from

stepsof Guiting 3 platenfre-sumtesed material thatjaeither cobalt prpmigkelpased and

el SR s ERREPUP PSR ey

TheRefler, iy fetectPatdatitlg @ﬁremﬁwdalfsdmmeaﬁﬁtehhlanﬂltm girfof to which
wel ded to the ai rf0| I esi stance tack wel din The

theomatenalwillrhe pdded i Spiesrﬁaw%anﬂ@qaaedj sEheplatergthen |pa§agpned over the

egro?ftﬁ)erarﬂ'fgﬁ thalt %éécﬁrte Y repaired or refurbished and the plate is welded to the
airfoil by resistance tack welding.

The current industry practice is to use a single layer preform for restoring
dimensions of an airfoil, wherein the single layer includes two intermixed or blended
components, namely a base alloy and a low melt phase alloy. The airfoil and the preform
are subjected to braze melt and diffusion heat cycles. Due to certain alloying elements in
the low melt phase alloy, the single layer preform has a lower oxidation resistance than

preferred, thus possibly leading to premature removal of turbine engines or airfoils.
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25 dinmensions of an airfoil, wherein the single |ayer

i ncludes two interm xed or blended conponents, nanely
a base alloy and a low nelt phase alloy. The airfoi

and the preform are subjected to braze nelt and

di ffusion heat cycles. Due to certain alloying elenents
in the low nelt phase alloy, the single |layer preform
has a | ower oxidation resistdnce than preferred, thus
possibly | eading to premature renoval of turbine
engines or airfoils. 30 -4 Summary of the Invention In
accordance with one gghatly &ftht BReRiiGSENt i nvention, a
met hod of restoring dinensrons to an article i ncl udes
t he hsac@pgiaace pitbwind lasnycmf the picsénd imzntioy ametbed bbrestoring

t t f
ainGdion 4 h T 08B SRRy o Bingze Wl diPe Bt
requBY diflcisioRd] FedtSrafibi) HréNGinp %'?;fréfbfﬂl havihb Gir@lahll $6@nd layers

According to a further aspect of the préesent invention,

made fotrhdififersit matamals, sid j wguagm thegirefboilto the artéde.ore a

desi,red .f| ow |ncI the st.e ..

ot Pertrinedt s Reratgod S he iR iR Gk biod of Fefifbishing an
airfofiSth Qés%ﬂe%rﬂeéﬁéh eV el 1H&u&sﬁﬁ@£t@ﬁ§ﬁﬁﬁé{\h&& fahra%clélﬂgvmg a

second layers nmade fromdifferent materials.

section haquifing dimensionall restestioh endprepiling a pﬂeﬁnnnlgavuﬂgﬁﬂst)and second
refo adj.acent the.section of the article re
Bl i g shalidls Tt SEhendicfdes e lmsiag Phcing the

prefbriladi iR e Bietsedidal TR Mcf&‘?@(ﬁmm‘fgQf?ﬁéiiu'si%ﬂaltr@st&eahoﬁ‘@ﬂ& Bjecting

aspect of the present invention, restoring
thechrhtﬂnwlmnsijwﬁmqneﬁomﬂohbatconpn ses the steps of

R icEoriha sl arsfisr a3l An e impniioR AdnEid Ltesioging
dmflénrsﬁ)tns 8Psh SPOASN HEES e lé o(lfdﬂgg A it ‘ﬁﬂ&mg a section

materials. The rrethodfurt ncl udes the step
reqptrexgailmngsmmé reshorafion and m'ovdimlhmﬁmin lmﬁnngtfa'sqtmxetfseccmd layers

maif Fofy el efiols g el iBetint ARG ieps P hPieBsabe

alrm I@?aﬁé&hﬁﬁﬁﬁ@ﬂh@?w@érﬁf Riefbtd, Pl2n] tﬁE‘ a&% fPPERVEX §Re of the
he airfoil. According to a furt ternatlve aspect

alrbﬁl &Iﬁbsquﬂﬂﬁg the aisfeih tand)prefcammmeeﬂsoois to 24use ¢lst prefamm to soften
Cg‘{ir\?nSI on ap article conprises the step of

ang,p Sﬁlrfﬂl icle made of a material. The nethod
fur N&@(Srdir@cll) léqgﬁhérrh@teﬁfa 9@ tactQ{leYé fﬂe&%r thvRh&dD ghethod of

having a first |ayer erl al l'ar to sai
resmrmgdhreemnmhsaoamanmdie ¢ca:mmsesi iHefstaperftproidingsaiadidie mate of a

a)
mater%F The method further includes the steps of providing a preform having a first layer

of material similar to said article and a second layer different than said first layer and
joining the preform to the article.

In accordance with another aspect of the present invention, a preform for restoring
dimensions to an article comprises a first layer of a material similar to the article and a
second layer of a material different than the first layer, wherein the preform is joined to the
article to restore the dimensions.

Other aspects and advantages of the present invention will become apparent upon

consideration of the following detailed description.
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joining the preformto the article. In accordance wth
anot her aspect of the present invention, a preformfor
restoring 25 dinensions to an article conprises a
first layer of a material simlar to the article and a
second | ayer of a material different than the first

| ayer, wherein the preformis joined to the article to
restore the dinensions. O he5-aspects and advant ages of
the present invention will becone apparent upon

consi deration of the follow ng detail ed description. 30
-5 Brief Descriptigr®fes o AR ISR 1lis a plan
vi ew of one enbodi‘ﬁvm—oéi@—m‘eﬁcrr‘m—ml—%e pr esent

I nvETE. bis;a plint Gewlfimeanbedimannal a prefwnt akiba pogaariavdnyion;

along.the lines 2-2 of FIG 1; FIG 3 is a sectional

vi eflGi Frisiasectiona] wigw igkengenerally glongiike linascd? RERIC.df t he
5 : L t jcom~t -

S PHRSY Wb DSPaale QU PG 205 ARG o
preffdrm ofthe bresat igvdntidh nasked ohtotahairfgil;ef or m of the present

invention tacked onto an airfoil resting on a basket in
a f GHaetis;a septiqal Biewesimilapiothd pdF1G; 20f enerpmpbpdimentiaf she
prefiegl e P TR En R AT Bl S ok B BRLEUh Bl g g

of FI@. Risraf ettiormah diewldimilastoi thg IFIG. Dasdirterhfodément of the
furnace; FIG 6 is a plan view of a turbine vane with

predoren efthe aresemtinymtign sralicd and Srsed pe a cppvexaprtionokthe atsfpil and
resﬂﬁ%iﬁ?a@ﬂ%tf#‘f?ﬁﬂn&%- a convex portion of the airfoil;
an |

S a sectional view taken generally al ong

t heFIG.es apldn Olewd(G tufbinclvanbetith dretnibddahenmiof @préfbrrh bethe

Preferred Enbodi nents As seen in FIGS, 1-3, the nethod
pregent ientipn Aglied ardfusedpr aicaryerpostian of the ainto; ad an

ai r gkl < 0.8 _0gas, turbi ne vane i NV e use

o " ER R s5ichs) Bl ety kPG e BRSTST SFBI0E,

restore a desired flow area of the airfoil 20. The

preform22 is preferably fornmed from pre-sintered

materi al s, \RabaileddDeshrptinng ' bledimgni

corfosedh BTGS20 eNEhod B s hfink A el Rhje hooPfis Suctes an
airgici)md V&?.Eg. h @ad uabin® b ade) Sindélvéth usdoSi&hd-fabétpre e, prd-mattined

en restored, perforns o _
preform 22 to restore a desired flow area of the airfoil 20. The preform 22 is preferably

formed from pre-sintered materials, wherein the preform 22 includes a top layer 24 and a
bottom layer 26. The top layer 24 should be composed of a material having mechanical
properties similar to that of the airfoil 20 such that the airfoil 20, when restored, performs
as it did before restoration. Even though the top layer 24 should have similar mechanical
properties to the properties of the airfoil 20, the compositions of the alloys need not be
identical. Preferably, however, the top layer 24 is composed of the same material as the
airfoil 20.

The bottom layer 26 has a different composition than the top layer 24. The bottom
layer 26 is preferably made of a material having mechanical properties similar to that of
the airfoil 20 and another alloy such as a Transient Liquid Phase (TLP) alloy. TLP is a
low melt component that has a high boron content. The boron is a melting point
depressant that reduces the overall melting point of the bottom layer 26. The top layer 24,

when compared to the bottom layer 26, has superior oxidation resistance. This resistance
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as it did before restoration. Even though the top |ayer
24 shoul d have sim |l ar nechanical properties to the
properties of the airfoil 20, the conpositions of the
al l oys need not be identical. Preferably, however, the
top layer 24 is conposed of the same material as the
25 airfoil 20. The bottom | ayer 26 has a different
conmposi tion than the top | ay®r 24. The bottom |ayer 26
is preferably nade of a material having nechanica
properties simlar to that of the airfoil 20 and
is renet&iar sitde, QivristétpiSoRrationNthe Qtfoi L2 Pk e LRASRigh Térf?])erature
al | oy. TLP is a |ow nelt conmponent that has a high
en%mn@mntmndelnwetwhsldbmmn |s a melting point 30

e TBoep il 10y b B EReb Gy Bionsli bRl Rk eV e

coﬁ@nﬁ&?anlgqis&@mrltﬁeée rtyp%é of E}%§1e§ URgEH ﬂ&k&zﬁagai ams include, but are
resi stance. This resistance -6 is beneficial Since,

notdimitetitoe RY A 65 5,08Wat 1484, PRk 1422, POVA 13@7;&%%@55., RWaA 1480,

Rent & FRB Do ehel B RN s DX AP RS | B fikel-based

allé‘y%b@otbaﬂ pagd a"l‘l'okré’bhat 1919{/‘16@ HiédCiHé!hhé/ bup&d nfoPﬁmﬁt@@%&‘ MIAS509,

articles. Such nickel -based oys include, but are
Ste5htn6ﬂ andnyVi &4, amonMexﬁi‘obalt—[@mdhlﬂaﬁs Mﬂﬂ@ﬁqpl@\tﬂe alrfml 20
PV\A 1480, Rene N-5, Rene

corfd e 2 Kok psY. REEIR RO CORBRSIBN Bf Lk el badelfe A1, 4.2%
M&llzlwmﬁ O@Pﬁ b.1985€dg, E1“’/4 299, otlb B%}d &Pﬁneéﬁ?(wﬂ&lewg,m weight

But are not Timted t MVar - M Ste te 31 W
%)52, anong ot her cobalt based al I oys As one exanpl e,

the airfaojl

nﬁﬁé‘P‘e@d}FﬁﬁgPﬁl% e ?Pq%ze?é&') %516 Rseipry ﬁz«arkéyo b@?v' ihs e
nlcﬁléf’dgl\l%hobﬁt §§eﬁ'ailog o4 I{?CECI & c%g/ﬁIZBaseQ 2 %@gﬁ\ﬁnﬁ %}glsﬁfﬁ’ll [ghce

ere pre

metlymidah pepeidibs ob tltohtEof)ﬂlefaﬁfoﬂ 22 nmilydlng}ctiuudet lilhﬁectwnmechamcal
ni ckel Ug}:ﬁcobalt bgtaed all oy or a nickel or

PropsRiss pugheaseeeR SishLth A0 ﬁarr%?lyr%isrﬁpr:%rlf PRESPIS e frechanical

pro%@ﬁﬁ? bF RSl dﬁ)? gtsél%‘% Q{Optlgfe ?g o Be! rgt%nn'ﬁ%hHﬂ'driﬂ erHé' the

mte anlc pro rties such as cr
sars¢ asethgteofethel aietailr205(ioatheewbnis athe samé hll@osould 1e used, af possible)
nmechani cal. properties of the alloy used in the to

Othexyise, tha allpy bsrd far edepdayer 24xhgnid hawe gieshanigal tpﬁ@e”é,e&ﬁé close
to ﬁ’l? njiéEH lprc;dk;é?tu%' Jr él?é &gﬁﬁ 26'2198?%5;[?5. ﬁ)lhg %Xal{l@% d?%g)%ed in the

I oy e useé possi erw se,
parapdaply albm&d tHeaop ldver I@prefaycﬂy h2#la sérainabcdmpsitioncdtai SalCr,
6.195 e‘r‘ tz%ef/m?% A:Cll\lb 0.8% Ti, 0.12% C, 0.1% Zr, 0.012% B, and balance Ni.

The bottom layer 26 of the preform 22 may also include an alloy having similar
mechanical properties to those of the airfoil 20, along with at ieast one other alloy. United
States Patent Number 4,073,639 describes one possible material for the bottom layer. If
possible, the bottom layer should use the same alloy as the airfoil 20 and the other alloy
should be a TLP alloy. In the example described in the paragraphs above, the bottom layer
26 preferably has a mixture of a first alloy with a nominal composition of 12.5% Cr, 6.1%
Al, 4.2% Mo, 2% Nb, 0.8% Ti, 0.12% C, 0.1% Zr, 0.012% B, and balance Ni, and a
second alloy with a nominal composition of 9.0% Cr, 8.0% Co, 4.0% W, 3.0% B, 2.0%

Al, 1.0% Hf and balance Ni (wherein % is in weight %).
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to the nmechani cal properties of the airfoil 20 as

possible. In the exanple described in the 20 paragraph

above, the top layer 24 preferably has a nom nal

conposition of 12.5% Cr, 6.1 %A , 4.2% M, 2% Nb,

0.8%Ti, 0.12%C, 0.1 % Zr, 0.012% B, and bal ance N .

The bottom | ayer 26 of the preform 22 may al so include

an all oy having simlar nmechd&nrical properties to those

of the airfoil 20, along with at |east one other alloy.

United States Patent Nunber 4,073,639 describes one

POS$) e%n{%ﬁﬁﬁ%ﬁ lof ﬁ%r rEd it BQEﬁtRJH Oﬁe@é&?ded hefein ﬁe—s'nltered materials

possi ble, the ottom ayer shoul'd use the sare alloy as
aretpreferred bedaus@thepnebuit e a highedensity myteshlowithi littke shrifiképe and a

alloy. In _the exanple described in the paragraphs
Subétfél\tfé"y pHompmiGRTTUsEe- Thegnghed et mpkipe Rhepralomn,d2 vill ngpw be
de%n%é _st alloy with a nom nal conposition of 12.5% Cr,

, 4.2% Mo, 2% Nb, 0.8% Ti, 0.1 2% C, 0.1 %
Thelndtefialdf thabpliayer 24 of fﬁe,pr&bdn a2 is femed bableding 4 fowder

anomnal corrp03|t|on of 9.0% Cr, 8,0%Co, 4.0% W 3.0%
forp oftheallasoforming theaarfil 20,1 paplitycavige imHar weehadcakproperties
asmé'a c%ll% a4 shn%ﬁlg %Hyto&‘a'mﬁ]&eroﬁ“h% Bﬁldglr 1%%?85 a ngder wax

I'nven FeES eren re-sintered nmat eri

bindeg heblié daRdiales e Ky ra§t$d$|btmdeﬁ, Pgdiitgle tiede] dnany other bmder
material with Little SE R,I

ri nkage and a substanti a
knein frothgrindusitys Spertie P@anﬂpseotﬂwnbalaafcsmderﬁguqeﬁ@ the industry

f [ T
! e YN PEERLRCS g, TS0 B R Pbs P
spadeifneliafplaoPogélaype bindenindluddichialis at 1freited tﬁgNid’ﬂ@braz Cement S.
airfoil 20, or an alloy having simlar nechanical

A wbmfmﬁ step indhe prRaukEFuToY the prefaruhremaves fiedindisunt  of
'ng g{aterbali] f, &e%%ﬁop%%er?% cfil ﬁ"‘é’f%ng%x $ f@rmr«]-:g% ndmeg a

der |cs

povbddﬁ'd'@ﬁn 00 theadllp %ﬂﬁﬁhg Hid’}ﬂﬂ'éll 28 6PYMalldy ﬁd%ng mh&slt llil)éehamcal
Specific exan‘;i es“ of quid plastics binders used in
prqpﬁ@les B8l thetaisfoil @0 { rftrrsudw oapowder fapn of pratherclloy (“second alloy™),

anci\%)g 19% Cfné Xlgl%l? a bb Ostpgaépe’ Wi ﬁlgl &e?ge%@%ﬁ % g ?irsq %B(il second

alle\@tcoliidBel 8€d tFor eklhxﬁfﬂébﬁﬁifna@ﬁ{& Rbuld. havé*aﬁﬁ@ﬁﬁﬁtt@? yos @Epof the
in the manufacture of the preform 22 renoves the

firssiaHeeand 2%he1meafdhe second alidye Praderaliyn thayraterivd has appeximately 60%
f .1 )
of ety s f iy Bk Marts 7 ot SR Rbafkt aBRETHE sm%ﬁﬁ@ GitifdS psed s

prof&@ &b befden hBol! VR ahd hissut 3% éfhfe ﬁitilfp@Wde?Qre{gH %4 fok the bottom
all oy"), a powder form of another alloy ("second

layat 2GyFor exampte, to praparaipewarbefnt00cgans B}rﬁh@bottqmiayer 26 with 4%
binder %?%l g?al)ll\lg Iogﬁle & aﬁl% A ?894? gr%gnsféf tl?t se%(r)]rgd :Ecl?o%/? Qnd 4 grams binder
are combined. Once the binder is removed during manufacture thereof, the bottom layer
26 includes approximately 60% of the first alloy and approximately 40% of the second
alloy.

Thereafter, the material of the bottom layer 26 in the form of a blended powder is
pressed in a die set using conventional techniques to a suitable thickness, such as about
0.027 inch to about 0.037 inch, and the material of the top layer 24 in the form of a
blended powder is sprinkled onto the pressed powder of the bottom layer 26 and the
combination is thereafter pressed in the die set. The top and bottom layers 24, 26 are

thereafter debinded and sintered. Debinding removes the binders from the layers 24, 26
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al l oys could be used. For exanple, the material could
have approximately 49-71 % of the first alloy and
29-51 % of the second alloy. Preferably, the naterial
has approxi mately 60% of the first alloy and
approxi mately 40% of the second alloy. The anobunt of
bi nder used is 20 preferably between about 3% and about
5% of the total powder weigh#-%for the bottom |ayer
26. For exanple, to prepare a powder of 100 grans for
the bottom |l ayer 26 with 4% binder, 57.6 grans of the
by hédting tli?é Iawrs 23826HodRIBOTY ddeh®s %mdmalrkxﬁmm@m tiat
grans bi nder are conbined. "Once the binder is renoved
tempgraitung fomahofut dt houe in reangoh atnudsehttrot Soneringyeonsis@®f heating the

[ l.u I h I I d
laygf3 2056 Tt PihResteet cetstisdon b5 oith, Theitedhg prgpess
prddhsesraage%folrﬂlzzq{avmg%umlérﬁ RatdR¥& to A8nd18, blﬁse {RpRBfma2 is

| ended powder is~ pressed in a die set using
smtami\/ emy handding oé ttermateral should nsamthmithe clelnloiensstthe pradbrm 22

as aho 0,027 1 nc bout 0.037 inch, and the
(e &ri’f‘%&FglFe Qﬁefot'Wez%%ﬁgngﬁ 24 in the formof a bl ended
POVWAGYr | hlﬁte%fﬁﬁ' tﬂgg?ﬁoxﬁlﬂﬁ@ Féfﬁalll?lrg%§§5%19M%cl&fcsstthfou§hout The

bottom | ayer O conbi nation 1s thereaf
topdayss 34 préfarabhehadiaainsfotm thHiblkmesoandoondupies betmekbm geproxiddhtely 20-

33%%@1%@5& E]geggr)rg e o %?q{@ﬁ? ggé'lpgltngazgly 387 g"hsgottgm layer 26
alsO BAHLr 0Ly A8 LANEHP 1R dncRDarkiDRAA 8 F0n RO BRrch Bkl 7-80%

remai ning at that tenperature for hour
of the tlickyess af tho ppifeme,. pr&icrabbyr appg:mma&iys?ﬁ%o&s heetdanmge, tthe

l.aye 2 26 to ou 10 derees Cel f out
Preﬁa‘ﬁ}ﬁf ot lgmaew?fgmp% &8 gL Goma 04 §.07Hh 16 abon
Yiich9
OO R o R OB PP i For e IR ShRs
thickmicsst faom abngt COGSainth meatwuod. 01 Henchy afdonane3izefefablygabout 0.010 inch
n e preform 22 wt | qves). After sinterin
am? {he %BI‘%‘P RYFF 29 CBI‘]é‘fl'@V%I“Wt}Wg% ik e mabast QAdreigct to about
0.0§ﬁIerI<Ig£IR%or Eferdy aﬂ 61025 4ndhr €f erably has a uniform
t hi ckness and occu etvveen approxi mately 20- 33% of

t heGeheralty\ansirdil 26 maprbeécnnmvom difecto @bdsyona pmﬁdxmarabeidmmn or

0% , The ttom]ayer 26_10 al so preferabl
e%m%%mﬂgﬁqg Resieatensigntse BLHdEitocRBURRE RS TH t?ﬁa atfoiP20, the airfoil

20 ﬁ?’g % ag@}eﬂl YFulthe£ 995 ?esﬁ)fre h%%lr'f(ﬂl SKNES eﬁ:]C tﬁemﬁ&eﬁrg’trﬂg formed

I’y appr oxi’ nat e an e anp e
ha\pn@ﬁ tpnta PR 2damidc Hodom ]ayarriaﬁfas described kbessnt haonglacide that is
from about 0.025.inch tao aboyt 0, 045 ch, and
apPEPRIALT KHFAy R b ERTITE ComX S0ertion e the, @lrfog&&rthawee%wobe restored

or feRYBisAed! nfﬁé?ée[ﬁer, any protective coating on the turbine vane 32 should be
chemically stripped from the turbine vane 32, such as by using conventional methods and
formulations. The formulation used to strip the turbine vane 32 of protective coatings
depends on the type of coating on the turbine vane 32. After stripping of any of the
protective coatings, the turbine vane 32 may need to undergo cleaning, such as fluoride
ion cleaning, which removes and converts any oxide thereon to gaseous fluoride. Once
the turbine vane 32 is stripped and cleaned, the airfoil 20 is ready to be restored.

Once the turbine vane 32 is stripped and cleaned, the preform 22 is thereafter
placed and tack welded adjacent the convex portion 30 of the airfoil 20 such that the top

layer 24 is facing away from the airfoil 20 and the bottom layer 26 is facing towards the
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t hi ckness from about 0.005 inch to about 0.015 inch,
and nore preferably about 0.010 inch 15 and the bottom
| ayer 26 could have a uniformthickness from about
0.020 inch to about 0.030 inch, and nore preferably
about 0.025 inch. Generally, an airfoil 20 may becone
worn due to erosion, sulfidation, oxidation, or becone
damaged due to other events.-9%n order to continue using
the airfoil 20, the airfoil 20 nust be restored.
Further, to restore the airfoil the preform 22 nust

mrfolllrﬁ)t ’ﬁfe ﬂrgfogﬁchﬁggggé’rg@g c@nth%g (kﬁ?ﬁ@:&%ﬁ%d%ﬁ%%@@ the

ayer 26 a escri ve an Size
a1rmﬂmmprard&reo tovar dweentme aren that acaia my b re’iﬁlrabr tion of the

airf hat needs to be restored. or refurbished.
Thed EQF{ Oawgihﬁﬁ et preferme &21S thereafierplaced intgjafamgags,er heat

chéﬁbe? e ?ﬁ&cﬁﬁ Wik MleG@hl dveSide dmﬁe]dalfﬁ)ﬁ '?%sglnﬁ ohgrﬂ%'sﬁ‘& 3%%0Seen in

usi ng conventional netho

FIG.of. niWlild ianke ﬁfﬂmefo@ heatlchsimber s e ;irefoﬁrh 22 s sltbgaeotwﬂalar‘re:at
vane 32 of praotective coatings 25 depends on the ty

tregfmeghiaat ?@eaﬁﬂxewée@an B2 sack/ hatths mremé?@ CONFQIRIS e, aiedaonvex
poﬁi%}ﬂ 3Blof a1rf8fl?fbecfﬁE tcy a@ﬁ?t gﬂcgé’lrfoﬂh’% aglﬁlppéfgﬁ'%\ﬁ%e S%%Jected

nee O un ean uor

ﬁrs: Itceameltg;ycwmfi hedc&iﬂI;NtGSl diffasi oo oyoid. t Bheamylt 03616l 8pidadly @Omprises
aseous fluoride. Once the turbine vane 32 is

he&ﬂng aiffol 79 andeseledn 22 ke a qmposatirexd betweeaalgut: 2] 25 degrees
Pl B ap Rl S5 hdt Bl nd e Pt AR 340 Bdhrers

Faliragheityidrd®outald] mirfnds dr éss.C OThépoafipn thd diffuéi@n efclé i ludes the steps

airfoil 20 such that the top layer 24 is facjin way
of h‘?raé‘ﬁg theeaiefpi 28iand prefamp 27 kea issncie 2 betwegn abogéd%gegrees

Fal RS BB DR bR p e R B R Ao L PAFb ALY Y

Fald@nlieit, ﬁjrdﬂha)tlﬁlmﬂtdﬁlx thda Bl ho@rs ahd thekdadier hegialg thcosahe to a
repai red. The ajrfoil 20 with adj acent preform?22 is

tempeEtargiof betwsien abeuti 1908 dagrees Faleenheit and about df5vHesTess|
Falﬁ'rer% (L ﬂ\g&ﬁlgtag&t(\lggg agﬁgg‘s’.}%@' %&eﬁ,{}ﬁl ?ﬂed’u}‘t g\w H{é&é.t '\Nﬂgzn the

on a S seen I n

alrfolﬂlr}ln)&ﬁﬂ Iﬁéfohﬁ&tz edaniged Fbm the fulhes @Hvatchantbes Whd pefesh 22 is
to a heat treatnent that softens the preform 22 such

alreadymalied apd spwformedtoth pisfois2d: &'lbhé l%mlfléﬁtratquﬂt%pl@ﬁmn 22
meﬁ];d %dea fu%c&&? 'tl'le c%gvgyeﬁc%&lg gé 3y gl} afrfmr'EO r thJ-: heﬁ%n@@?ffuswn

cycsmﬁqhst phior & @u Ifefnmmamﬁ)ﬂ@d furnatber h&dt t:haﬁusérent ypically
R:grlses heating the airfoil 20 and preform22 to a

K7 dlustrats gos dwrbisoane 32 pathquefors 22 racltedrand sprformed
to %ig%ﬁp QL{)tf tlgel'gg’foﬂe%ro%%sspgce}ﬁé 54 4}1%12 of ﬁ\g%r%egt GLaRl%. a&t)orHﬁy be

seen in FIGS. 5 7, the bottom layer 26 of the preform 22 conforms to the convex portion
30 of the turbine vane 32 and the top layer 24 conforms to the bottom layer 26 and convex
portion 30 of the preform 22. Once an airfoil 20 or turbine vane 32 with preform 22
tacked thereto is removed from the furnace or heat chamber 31, the airfoil 20 must be
polished and a protective coating must be applied to the turbine vane 32.

While the method of the present invention has been described in the context of
repairing airfoils, and more specifically gas turbine vanes, it should be recognized that the
method of the present invention may be utilized to repair, restore, or refurbish a surface of

any airfoil or hydrofoil.



Fahrenheit, for about 15 mnutes or |ess. Thereafter,
the diffusion cycle includes the steps of heating the
airfoil 20 and preform?22 to a tenperature of between
about 2125 degrees Fahrenheit and about 2155 degrees
Fahrenheit, and preferably about 2140 degrees
Fahrenheit, for a maxi mumof six and a half hours and
thereafter heating the same-14 a 15 tenperature of

bet ween about 1900 degrees Fahrenheit and about 1950
degrees Fahrenheit, and preferably about 1925 degrees

Fahnaimi@bds mbdificaisidtto thGhrERHl mventioRrviliNg apphrehOlol thas skilled
and preform 22 are renoved fromthe furnace or heat

in diardaview pbthg feregeing description| Aeentdinghy, thisidesadption is to be

conf or fo.the airfoil 20.  FEl 5 is an. illustrati :
cofifER e arlivg S e R pasretiod Fordhe BurpRsd hona i 5 lied in
theRf ol Rike3hdQhse tHRSnRértioRiahd 20teaé Bk beftondlR! If cBAYing out same.
di ffusion 20 cycles and just prior to its renoval from
The keclosivarrights éo alhswdificationrewhigh corfe @dthirsthe scopersfithasppeaded
12388 turbi ng vane 32 with preform?22 nelted and
CRUBHISIRELE % 0 the convex of the airfoil, as one
speci fic exanple of the present invention. As may be
seen in FIGS. 5-7, the bottomlayer 26 of the preform
22 confornms to the convex portion 30 of the turbine
vane 32 and the top layer 24 conforns to the bottom
| ayer 26 and convex 25 portion 30 of the preform 22.
Once an airfoil 20 or turbine vane 32 wth preform 22
tacked thereto is renoved fromthe furnace or heat
chanber 31, the airfoil 20 nust be polished and a
protective coating nust be applied to the turbine vane
32. Wiile the nethod of the present invention has been
described in the context of repairing airfoils, and
nore specifically gas turbine vanes, it should be
recogni zed that the 30 nmethod of the present invention
may be utilized to repair, restore, or refurbish a
surface of any airfoil or hydrofoil. -10 Nunerous
nodi fications to the present invention will be apparent
to those skilled in the art in view of the foregoing
description. Accordingly, this descriptionis to be
construed as illustrative only and is presented for the
pur pose of enabling those skilled in the art to nake
and use the invention and to teach the best node of
carrying out sane. 5 The exclusive rights to al
nodi fi cati ons which cone within the scope of the
appended clains are reserved. -11
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Clainms | Caim 1. A nethod of restoring dinensions to

an article, the nethod conprising the steps of 5

providing an article having a section requiring

di mensi onal restoration; providing a preform having

first and second | ayers nmade fromdifferent materials;

and joining the preformto the article. 10 2. The

met hod of claim1, wherein thé first |ayer of the

preformincludes a nickel-based alloy. 3. The nethod

of claim2, wherein the second |ayer of the preform

i ncludes a nickel -based al | oygf@ a second alloy. 15

4. The method of claim3, whefein said second alloy is
_EH;ntansient l'i quid phase alloy. 5. The nethod of claim

20 doout mSHPASHEFIoRRE SmsTtion: 628 FHR I MeGiErEREsng the

ste?soifhe met hod of claimb5, wherein the second | ayer of
he preformis between about 0.020 inch and about
0. OBovidinlg a'nrartidié h:k\n'eg 8 secﬁiﬁn Tequiiig dmetensidnafrestoémiion;3,

B PEPRAIEG A5 loPD ey B TP SRR RGP Onchfrrogd melerials:

anli0 conformto the shape of the artlcle 8. The net hod
of claiml1l, wherein the article is an airfoil. 30 9.
The jomiripdte pfefaimaionth8 artiskeer ein the airfoil is a turbine
vane. -12 10. A method of refurbishing an article to
restore a desired flow area, the nethod conprising the

steps of JfQHHbNOf @lﬁm‘f"ﬁ t\lvﬁérgnhﬁé’ﬁﬁgla%lsﬁctflé Bfeform includes a

requi ring di mensional restoration;
nickel-based alloy.

3. The method of claim 2, wherein the second layer of the preform includes a

nickel-based alloy and a second alloy.

4, The method of claim 3, wherein said second alloy is a transient liquid phase

alloy.

5. The method of claim 1, wherein the first layer of the preform 1s between
about 0.005 inch and about 0.015 inch in thickness.

6. The method of claim 5, wherein the second layer of the preform is between
about 0.020 inch and about 0.030 inch in thickness.

7. The method of claim 3, wherein the joining step includes subjecting the

article and preform to heat, wherein the preform melts to conform to the shape of the

article.

The method of claim 1, wherein the article is an airfoil.

The method of claim 8, wherein the airfoil is a turbine vane.
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providing a preformhaving first and second | ayers nade
fromdifferent materials; 5 placing the preform
adj acent the section of the article requiring
di mensional restoration; and subjecting the article
and preformto heat. 11. The nethod of claim 10,
wherein the article and preformare subjected to 10
heat of between about 2125 ddgrees Fahrenheit and about
2155 degrees Fahrenheit for 15 mnutes or less. 12.
The method of claim 11, wherein the article and preform
ar e 1pher e@hdetfod sTUBfugsitIaAy hiPaftieRito Péstdie R SiFe oW area 1o
degrees Fahrenheit and about 2155 degrees 15
methot eomrising e s@ps@fhours or |ess. 13. The nethod of
claim 12, wherein the article and preformare .
* hereiding ShErEIEkiaRe f sechBnfe R L meBond shvorpen
degnpeadingheRahhadng MR sdnd 18R Rk 5N YRR thaterials;
for "about "2 "hours. 20714. The nethdd of claim 10,
whepéicmg the préfost adjagt thefsettiom ¢fitbd antiolei mguindg dimaensional
ni ckel - bgsed alloy. 15. The nmethod of claim 14, wherein
resioralieb @BfAd | ayer of the preformincludes a 25

ni ck %%tﬂ ic@é’atﬁfﬂ esqp4d alloy. 16. The nethod

of cﬁigiem ,e\%ﬁter el n Sgl criﬁsecond alloy is a transient

liquid phase alloy. 30 17. A nethod of restoring

di nensi ong of an ajrfoil, the method conprising the, .

st ep}g' of - Theymetod,of ey L0 hersin he arhly ap pieterg piegHbiected to
hehi&FHberddl BbHEND5 Mplecd £ {1208 ab Bt M55 yBgkeds IIPLMNeor 15
¢ avi ng éfélgrag? ang se gﬁ% %@g?s rmgg&{rom gle%feer ent or
minateenr kks; preparing the airfoil for attachment of the

preformthereto; placing the preform adjacent a convex

side of the airfoil; and 5 subjecting the airfoil and

prefigr m i@ chfahod ﬁf Asint g,ﬁ@&&ﬂﬁ&ﬁ&%faﬁ& BtdfSms Selthidteatter
and conformto the airtoil.
subjected to heat of between about 2125 degrees Fahrenheit and about 2155 degrees

Fahrenheit for 6 ¥ hours or less.

13.  The method of claim 12, wherein the article and preform are thereafter
subjected to heat of between about 1900 degrees Fahrenheit and about 1950 degrees
Fahrenhett for about 2 hours.

14. The method of claim 10, wherein the first layer of the preform includes a

nickel-based alloy.

15.  The method of claim 14, wherein the second layer of the preform includes a

nickel-based alloy and a second alloy.

16.  The method of claim 15, wherein said second alloy is a transient liquid

phase alloy.

17. A method of restoring dimensions of an airfoil, the method comprising the

steps of:
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18. The nmethod of claim 17, wherein the preparing step
i ncludes the step of renoving any protective coatings
on the turbine vane 10 19. The nethod of claim 18,
wherein the preparing step further includes the step
of cleaning the turbine vane 20. The nmethod of claim
17, wherein the step of subjecting the airfoil and 15
preformto heat includes thel8tep of heating the
airfoil and preformin a furnace or heat chanber. 21
The nethod of claim 20, wherein the airfoil is placed

int : v 3k - j .of

t he TRV AR hAGAS o s IR Qe BT lEn

17, pabradmigra prhformi hasingl faytemd sEcaniddayees mederfromaliffeiesnt materials;
ni ckel - based allqQy. 23.. The t hod_.of claim?22, wherein

t he REBRA5IRG tb%%flpﬁé“?r 4 ERira) g REPBBE e 25

n C?{?ac_‘l @ brbhi ¥djaBht @ g%ﬁ@&@dd@gf:tﬁé/airi%ﬂ; add'® method

I'm 23, wherei'n said secon oy Is a transient
l'i quuthectingathe aalfdibynd @ford tonhedtad aoto camse treipagform to soften and

di.mensi ons an article, the nethod conprising the 30
CogfL“\%'éoélPe. a‘bftngi ding an article nmade of a material; -14

providing a preformhaving a first layer of a materi al

simlar to said article and a second |ayer different

t hari8sai dI'fe method ayelaim dndvheveinitingprepeing stépoimbiuties theatep of

article. 5 26. The nethod of claim?25, wherein said
TERIPYIRE ANy PENEGHYE SPIIHISS 08 thyQUiRGEaes said article. 27.

The nethod of claim 26, wherein said first |layer is a

ni ckel -based alloy. 10 28. The nethod of claim 27,

wherl®i n tTie method df tlainet 8 obhdréie tixepkparing ssepafurther includes the

ni ckel - based all oy and a second all oy.
step of cleaning the turbine vane

20.  The method of claim 17, wherein the step of subjecting the airfoil and
preform to heat includes the step of heating the airfoil and preform in a furnace or heat

chamber.

21.  The method of claim 20, wherein the airfoil is placed in the furnace or heat

chamber with a convex side of the airfoil facing upwards.

22 The method of claim 17, wherein the first layer of the perform includes a

nickel-based alloy.

23. The method of claim 22, wherein the second layer of the perform includes a

nickel-based alloy and a second alloy.

24,  The method of claim 23, wherein said second alloy is a transient liquid
phase alloy.

25. A method of restoring dimensions to an article, the method comprising the
steps of:

providing an article made of a material;
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29. The nethod of claim 28, wherein said second all oy
is atransient liquid phase alloy. 15 30. A preform
for restoring dinmensions to an article, conprising: a
first layer of a material simlar to said article; and
a second layer of a material different than said first

| ayer; wherein said preformis joined to the article to
restore said dimensions. 20 34: The preformof claim
30, wherein said first layer material is the sane as
said article. 32. The preformof claim 31, wherein said

fir ﬁ)trO\!’iﬂbﬁgra préformMHabing@la fAasIaerdth Materfa? sitdilar tH SaiR bR Md a
of claim 32, wherein Che second |ayer of the performis
secondriaysk di ffdserstdblaredaidbfirsalgera asécond al | oy. 34. The
pref.orm otElF_:F:)I I m 33 vvheiei n said second alloy is a

t r aHSTEHE PR t03fe gkl a1 | oy

26. The method of claim 25, wherein said first layer material is the same as

said article.
27.  The method of claim 26, wherein said first layer is a nickel-based alloy.

28. The method of claim 27, wherein the second layer of the perform is a

nickel-based alloy and a second alloy.

29.  The method of claim 28, wherein said second alloy is a transient liquid

phase alloy.

30. A preform for restoring dimensions to an article, comprising:
a first layer of a material similar to said article; and
a second layer of a material different than said first layer;

wherein said preform is joined to the article to restore said dimensions.

31.  The preform of claim 30, wherein said first layer material is the same as
said article.

32.  The preform of claim 31, wherein said first layer 1s a nickel-based alloy.

33.  The preform of claim 32, wherein the second layer of the perform is a

nickel-based alloy and a second alloy.

34.  The preform of claim 33, wherein said second alloy is a transient liquid

phase alloy.



