8 April 2005 BRAZE REPAIR OF A GAS TURBI NE ENGA NE STAZLANARYpSHROUD FI ELD
OF THE I NVENTION This invention relates to gas turbine engines and, nore
particularly, to the repair of stationary shrouds found in gas t ur bi ne

~ engines. BACKGROUND OF THE INVENTION In an aircraft gas turbine (jet)
engine, air is drawn into the front of the engine, conpressed by a
shaft-nmount ed conpressor, and mixed with fuel. The nmixture is burned, and

the hot combusti oBRYEE REPAIRIGEAGAS MUREBINEENGRENe mounted on the sane
shaft. The flow of conbustion Bas turns the turbine by inpingenent agai nst

an airfoil section. of tRIAICDIARY BHR§EIDand vanes, which turns the shaft
and provi des power to the conpressor. The hot exhaust gases flow fromthe
back of the engine, driving it and the aircraft forwardly. The turbine

bl ades REEDOF THAUNPPERTIGRDPI ne di sk, which rotates on a shaft inside a
generally cylindrical tunnel defined by a hollow stationary shroud

structure. The stationary shroud structure is forned of a series of
stationary %ﬂ%@@%ﬂttmlaMtcem terbing edginedwnd inoed pHrbr B4 todhe FpRIL Unnel i n
an end- tfgtaﬁgﬂla @r ﬁ fou The st tlonar shroud structure has such a
segmented ar rangemsmt ‘g L EB eI ’t“ﬁ% t her mal expansi on experienced
during each engine cycle as the stationary shroud structure is cycled

bet wee BACGKGROAENDORTHEINVENBIONMXI mum servi ce tenperature of over 2000F.
Each of the stationary shrouds has an internal gas path surface that is a
segnent of 3 %Iln r a support structure that backs the gas path

surface and pPBY gag,tur %@é@ﬁrﬁ@ﬁtﬂe{@ri%a‘a’ml@@éhﬂ fromftofithe engine, Dur i ng

cer VT CSombhasSPS haRiGhdl e G A I ol PR 7L 00

erosi on, and ot her nechani sns ring avvay

of rmt bringd, anﬂrthmlnatmernbhstmu@asesate;iasuedthmmga stiebin@molited 6Mehelsamgs, the
and el sewh As material is worn away and duri ng

f or war af
mul ti pdléq’pdlr‘)l}jﬁ tf,lo»&p F‘é@b%‘i’@ﬁ 23% o the turbme by impingement against an airfoil

section of the turbine blades and vanes, which turns the shaft and provides power to the
compressor. The hot exhaust gases flow from the back of the engine, driving it and the

aircraft forwardly.

The turbine blades are mounted on a turbine disk, which rotates on a shaft inside
a generally cylindrical tunnel defined by a hollow stationary shroud structure. The
stationary shroud structure is formed of a series of stationary shrouds that extend around
the circumference of the tunnel iri an énd-to-end fashion. The stationary shroud structure
has such a segmented arrangement to accommodate the thermal expansion experienced
during each engine cycle as the stationary shroud structure is cycled between room
temperature and a maximum service temperature of over 2000°F. Euch of the stationary
shrouds has an internal gas path surface that is a segment of a cylinder, and a support

structure that backs the gas path surface and provides for attachment to the adjacent
structure.

During service, the support structure of the shrouds may be damaged by fatigue,
-erosion, and other mechanisms. One fom_i of the damage is the wearing away of material
from the shrouds, at locations such as the end faces, the forward and aft edges, and

elsewhere. As material is worn away and during multiple repair cycles when material




1 8 April 2005 is renoved by machining operations, thegs{yfqugdogradually
becones undersize in at | east one dinension of the support structure. Wen
t he shroud has becone too small in at |east one dinmension of the support
structure to continue to be functional, it is discarded. There is a need
for an inproved approach to responding to such damage to gas turbine

engin gﬁlfiﬁ r ﬁqné' ' - r

cobal fsrglgég u%%ra gﬁ’g&g‘z"ﬁ‘g’ @ﬁgﬁgﬁ%%ﬁ%ﬁ g o#’lﬁgs @#ré}éﬁgg ‘?%ﬁf"%@ents a
subst aemt dalensiostof tHhsuppoetsemtturd. What ithe shiculdfhak becdr ®oneea] inpard f urt her
provi des rel.at ed advant ages. BRI EF SUMVARY OF THE | NVENTI ON One enbodi nment
of thgefﬂ%%%élmenﬁlﬂ%ﬁf?? SHPPRH SU S trcqnipvig bgfunchpnal i iy lsaargsg t ur bi ne
.engi ne stationary shroud. The repair may be performed on any portions of

the sSuppoTherstis #Gbdd @Br ah Improved fipRoRltY r@BbARRIRACRA dhiGgSRfgdsaces which
butt against the end faces of the nei ghboring Shrouds in service and

- gr adubirbipe pegieshrondte T8¢ slwgudstire madedicxpensiviemickg!-basefar|cpbalf-basst i onal and
is seLvi e _at f r-aact f the cost .of.. ew shroud. According

to onge%ggag@ % e tP‘?amé‘%g%éféién‘{f% %h\;gﬂf'an ﬁ?seliﬁﬁélrs B?tgnt 89?% Qrersf@ghod of

r epai iivagtich BaHstthis beal; atd girther plodides Relityd sdra@tagesonpri sing the steps of

providing the gas turbine engine stationary shroud havi ng an undersi ze

repai ' r erial, wherein the repair region is not
IocatéﬁEﬁgﬁ%m%%%M%Tégg of the gas turbine engine stationary
shroud; repairing the repair region of the gas turbine engine stationary

shroud so HhebmbbBintcBP&H the bRYEMA It chtiDR phRAERTa HAHSE of airitnged Siep of
repairing includes the steps of providing a sufficient mass of a repair

mat er {ughing engin¢ statiopagy shirpwd. Thierrgpaii taay bk perfoimesk openydportiofs af fhier st al | oy
conpopen nd a secon actron of second 0 r, of .a second all oy
conponERtrt sGRawg: R A RErr R PPe on Bis A R Bl SubnBR R oy

conpofagdt ofn éeenélpitiosing hrovah 1ifl Ueri@MRRT afadhiAlls b8lopf Biklehdifdl mdi r materi al
in the repair region, heating the repair material and the repair region to
a brarfpﬁgedteragdereﬁm@wmﬁhm asenvigerhle et asmplbfaetion gfdhe cest obR t he repair
mat er j &l qhijq not the shroud naterial of

According to one aspect of the present invention, there is provided a method of
repairing a gas turbine engine stationary shroud comprising the steps of providing the
gas turbine engine stationary shroud having an undersize repair region made of a shroud
material, wherein the repair region is not located on a gas flow path surface of the gas
turbine engine stationary shroud; repairing the repair region of the gas turbine engine
stationary shroud so that the repair region is no longer undersize, the step of repairing
includes the steps of providing a sufficient mass of a repair material comprising a first
fraction of a first powder of a first alloy component, and a second fraction of a second
powder of a second alloy component, wherein the first alloy component and the second
alloy component have different solidus temperatures, placing the repair material in the
repair region, heating the repair material and the repair region to a brazing temperature
sufficient to melt at least a portion of the repair material but not the shroud material of
the repair region, so that the repair material flows over the repair region, and thereafter
cooling the melted repair material and the repair region to solidify the repair material,

the repair material having a solidus temperature less than that of the shroud material.




the repair region, so that the repair material flows o0ge{,dRgokepair
region, and thereafter cooling the nelted repair materiaII) and the repair
region to solidify the repair material, the repair material having a
solidus tenperature |ess than that of the shroud material. 8 April 2005
Accordi ng to another aspect of the present invention, there is provided a
nmet hod of repairing an article formng a portion of a flow path surface in
a gas tur bimceorﬁﬁiggimanothdsgea@ééﬁ of ﬁlqopm%muﬁlwﬁmgp@md ik q)rhizigkdhtaenper atu ][ e
operatiqgn in the gas turbine  engine, the_ mnet conprising the steps of.

i dent %@%?P%f%@fﬂ@%?%ﬁg?mﬂw Afifcilow petppelaca @ sMAEPEze di mensi on
bei ng hdid L] J j Is under si ze

i o B e g e Ml T ace of the
ar t i ckrginqrthe/imgthod campepiag thastesr dfaidentfypnrg &i nylessifel distenfiomof then of a

first _powder of an.alloy co nent .and,a second_.fraction of a.second powder
of a a'glé@é(’jm%e a'lnfcﬁf/s‘%eor‘?ﬂﬁ?f?ﬁ %Fﬁ’g fos3 sq’a%lqosye‘égﬁ%dﬁgﬁ?‘“%‘néeﬁvﬁg second
al | oy drRRRAGHE thd aMddsiz6l dirh&sRmt bets) HshRdRNRRT 8 PAEDy ARG AbR the repair

material has a solidus tenperature Tess than that” of an article material;
assocbahisufacehef the pdicle; predding|a tgpaih matpsial pemptising\a fastfrastioh afe of t he

article; i LI terial and.the article to a ., brazing
el f9Sak P Ao EPRbIRGTF o8l oo B shIERTLA SePrlt ReYs BT R Tt er i al

but ngdcond BBoREbmpdEnt, ahel fiealion ohtponeit! dnddthé g AW ohiponaitd t he repair
region to sglidify the repair material, the repair, material having a

sol | daving diderant, pelidus semprratires, awhesein: the reppir owmateriak das & solidvs sol i difi ed

r epai for[RLLREA WG Sk &g i Qs - Shys material may
be a {coua “t“flﬁg‘l'ssé"ﬁéﬁ‘ﬁ@a?z’}fﬁgﬁﬂ %?e %{Q%ﬁélk%{s-ggg@?@uﬁ rél%%é{lahglﬁggﬁehe repair
mat er hal flow sth eutfed afctheraiclgl heatifig ehe tepair maiwdkdrandntle taicls ecand powder

t hat ‘I]F%mthe repair terial ma%/ be provi deg as free-flow ng powders, or
they NagingiiFBPeraye shileiantindnelf at lepe @ R5URR AkthesPaibPidesiah Pl aGint ered

conmpag.artddle Ma%oblind I IR repdit RLRAACAIIPHRE befat ngi%BQ% rssmng%est andard
repair |ocations, such as for use at the end "faceS. The présent approach
achi exepsir andteridlythe gepaircmateriel haped n edlidisrtemgeratueel less thant thet ofitheber of

i ) \ ) e present
shrougs t P8kl ol SEEHIE hpa T msitridl oty Al tnfdyaniages of the p

The shroud material may be a cobalt-base superalloy or a nickel-base superalloy,
and the repair material is selected accordingly. The first powder and the second powder
that form the repair material may be provided as free-flowing powders, or they may first
be mixed and sintered together to form a pre-sintered compact. The use of the pre-
sintered compact is preferred for standard repair locations, such as for use at the end

faces.

The present approach achieves a fully serviceable repaired shroud, reducing the
number of shrouds that are discarded. Other features and advantages of the present
invention will be apparent from the following more detailed description of the preferred
émbodiment, taken in conjunction with the accompanying drawings, which illustrate,
by way of example, the principles of the invention. The scope of the invention is not,

however, limited to this preferred embodiment.




invention will be apparent fromthe follow ng nore detaj)geh fggcription of
the preferred enbodinent, taken in conjunction with the acconpanying
drawi ngs, which illustrate, by way of exanple, the principles of the

i nvention. The scope of the invention is not, however, limted to this
preferred enbodinent. 3 8 April 2005 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of a turbine blade positioned adjacent to a
shroud structure; Figure 2 is a perspective view of a single shroud from
~the support structure side; and Figure 3 is a block flow diagram of a

met ho b o : | LED DESCRI PTI ON OF THE | NVENTI ON
Figurgﬂﬁﬁggggg?%ﬁgqgﬁigﬁ%Zﬂ%ﬁgggvgggﬁbunted to a periphery 22 of a turbine
disk 24. There are a |large nunber of turbine blades 20 nounted in this

f ashi on t o Figuee 1 ig bipaspectis kieRdof omtbignblideopsitioded hdjassht &t £shroudhe tur bi ne
disk 24 rotates on a turbine shaft (not shown) positioned along its

cent erfPH¥e As the turbine disk 24 rotates, the turbine blade 20 sweeps

t hrough an annul ar vol unme between the turbine disk 24 and a stationary
shroud str e @ Ui f ﬁﬁg% G RUREAT j i1s. shown
schemati cal I'y i%‘%ﬁp%aﬁﬁﬁﬁ%hg§6§aFigur%ﬁﬁ andﬁfﬁpﬂg?gﬁaﬁggﬁPswg’Figure 2.
The skndud structure 26 in its entirety defines a tunnel 28 in which the
turbi ne disk 24, turbine shaft, and turbine blades 20 rotate. Hot

combusti on . £ f .2 _conbust gr (ot sho t hr ough the annul ar

Vol une. of - FHRES A A Y BB TR s o PR MR o0 i b e di sk 24
and the shroud structure 26, inpinging against the turbine blades 20 and

causi BETAIEEDIDESCRIPATON CRTHREINVENTORft to turn. The shroud structure 26
is formed of a nunber of individual shrouds 30

Figure 1 depicts a turbine blade 20 mounted to a periphery 22 of a turbine disk 24.
There are a large number of turbine blades 20 mounted in this fashion to the turbine
disk 24, but only one is illustrated. The turbine disk 24 rotates on a turbine shaft (not
shown) positioned along its centerline. As the turbine disk 24 rotates, the turbine blade
20 sweeps through an annular volume between the turbine disk 24 and a stationary

shroud structure 26, a portion of the circumference of which is shown schematically in

3a




positioned in an end-to-end arrangenent around the cirgwpgpegse of the

tunnel 28. One of the shrouds 30 is shown in greater detail in Figure 2.

The shroud 30 has a gas flow path surface 32 (the underside of the shroud

30 in the view of Figure 2) which faces the turbine blade 20. A support

structure 34 forns the back side of the shroud renmbte fromthe gas flow
path sur he ) rt structure 34 ncludes qppositely di sposed-end

Faces” B Lo o RBNGR Pl % Hhe suoudBrctics g6 ah s catsetsetines

opposi t ed ynAklPBas eohidhh¥airBine 811 24 Qﬁrbﬁﬁ%héﬁtanﬁ%m%%{adb?ﬂ% id gah gtructural

features, whose details and functions are not pertinen Bresent

i nvent i cﬁ?mhuﬁté‘l’flﬁ?ée%ﬂ@Efmrﬁcmhbl@me(rmmhm)MUgrtheumuM volmerofelee t rack 46,

casting L ne or nore of the
 Feat ur odvhFe 2o B BATRGR, ) 84 Rip® o Al donl BhcRengonl of
met al , Simplidging agalﬁmdmrmﬂaxnmgfes Reafld cdudinithé ﬁ.ﬁ‘bm§9ﬁﬁ24 §h’rPiPle‘§ﬁﬂP e is
accept abl e, but eventually the feature becones so far belowits desired
speci fi dl%er vi ce mi ni num di nension that it is no | onger functional. In the
past, it has been the practice to discard the entire shroud at this point.
The present iTHeBLOAD stbAV 969 foRPbf t Shevd
structure 34 of the sr;sroud 30 s%q‘? at bf a ﬁﬁﬁﬁ%e ré#@@%‘&f? ?ﬁ{e) engi ne,
r epai r edosisinged inan endtarembairangernent wionad tliélogumafe’iencb lopthe hainel283 afeef erred

t hod f rf h t t at h d
30 1o preb Rl AR shovi e detifl Tt s "o BniOagnes fam oh | o
under si gath sifate B3 (thé QATerslieIEE QoS 36 AAhS VieRsk ﬁgle:% 5 évﬁﬁﬁ £1d3an,c2

specified_ , service m ninum di mensi on. The current region of nost
concer n,tupiedadg30. be discussed in detail for the sake of definiteness,
Is loss of material fromthe end faces 3648Apri| 2005that abut the end

f f th 1. 2, fied

Sorvi ce it PustfHOnOidthed 31 Ry Fock 5S04, TG Peioms the g8, i cat i ve

of the &bnwapathshltﬁ'aoi I2e rielsupport fiRichilné Mﬁoﬁﬁe@@ pEgel aRRegidely di sposed
valllyt too short in the

§.”?CL$: 3%&&&6* HBW the P‘é‘ift 80 éﬁ%@%mtgggto%fq; 30, dang oppositely disposed forward
edge 38 and aft edge 40. Additional structural features, whose details and functions are
‘not pertinent to the present invention, include a forward groove 42, an aft groove 44, a
race track 46, casting ribs 48, and a back surface 50.

During service, one or more of the features of the support structure 34 may
become damaged by removal of metal, so that it becomes undersized. Initially, sorﬁe
such damage is acceptable, but eventually the feature becomes so far below its desired
specified service minimum dimension that it is no longer functional. In the past, it has
been the practice to discard the entire shroud at this point. The present inveation
provides a repair technique for the support structure 34 of the shroud 30 so that it may

~ be removed from the engine, repaired, and then returned to service.

Figure 3 illustrates a preferred method for performing the repair. A gas turbine
engine stationary shroud 30 is provided, numeral 60. The shroud 30 has a repair region
which is undersize. That is, some dimension of the shroud 30 is less than a specified
service minimum dimension, The current repair region of most concern, which will be

| discussed in detail for the sake of definiteness, is loss of material from the end faces 36




toget her properly . with the adjacent shrouds, allow ng %gﬁﬁh@? gas | eakage
bet ween the shrouds and a resulting decrease in operating e ?lciency. The
shroud 30 and its repair region, in this case the repair region 36, are
repaired by a technique involving activated diffusion healing braze
repair, nuneral 62. Arepair material is provided, nuneral 64. The repair
material is a sufficient mass of a first fraction of a first powder of a

first althaypbutthpembfites oitic: reighbodmgisHrowis! MemiLRfra®d ﬁeplgﬁ‘é l?,?%fffedgf a |
acC OItlS esire

second al | o con‘Flonednt, to ]ée tore the repair region bac

di mensi S FHBIHRE, Aimension 0‘2“5(’% of therasting @et® dvindicative efthptntant have
di f f er ershordsiehjH 8 HeQARRAZ Iy di Lol et hat isolater formed
as a nelted m'%(ture of 'ghebwtjlﬁr%g?ﬁ%go\ﬁgg#ﬂ%%%gc{é@cfgﬁea%go@rls s a

sol i dus smahlptheaghoousl 3ewill bmo shbetin die circahiferential Miveidredndt AL ndtGi™s t he
repair reqion.. The firsi pgwder and.the second powder are sel ected

accor di ﬁg&tt@é}t%‘%pe&)(r%%{heﬁa’ta&ﬂté oPﬂsdtaﬁPB’WIfbﬁE 896 heakage kajveen thithe powder s
sel ect edhfoads ambélkésubi@gﬂe&hﬁs@lﬂopéﬁﬁfg"ét?ilcx%n@f.e different from those

sel ected for nickel-base shroud materials. I'n a case of particular
interest, the _shroud _material is a cobalt-base alloy known as Mar M09,
which has a ¢ 30 anpsiepripregiang indbisghse therepaintegiandfy eiesepmgredbout  23. 5

per cent pohrietinie infd@ i -he ni ckel. about per cent
tungsten? about 58 peﬂ%gﬁﬁa@rﬁl}%ﬁlﬁe%ﬁﬁ%maz%;egaww6[72-r thiEPaly, about
0.4 per oeerialiis poovided, naherat 64. Thp@egNina@hDRS suTcieAPmSsst S8 faout 2
percentlﬁl ance |t. and inmpurities. For the cobalt-base shroud

LoD 1fba't' ob? )

mat er | aftacefbok 3 Ficst payeler ot a dirst dHen compencat, api ¢ seeandraction ofia peceati| oyed
conposi hb@ler diNa Welod f 10 1.0 abgut 25 er.cent

ni ckel , bf roer:rﬁ. about olgfa%lgﬁg%gﬁk%mgg t%féésgeé%?ﬁ’ eg#&)%)l#? . ﬁ?‘gﬁﬁtoa‘gso‘éﬁs 8di o about
10  per divgnsian, i Therfirst alloncampunen? ahé thepundGal 9 coPbndnd hasd @fterddt oM about

por on, Bt el TP e el s g Tomesing aandiog mistwpookshe
cbout 510 apaut 18 s e b & R tegBirt bt Bl o PEHEEHY cone 575

about 5 to about 15 percent nickel cent 5 8
Apri| 2owtprial that forms the repair region.
The first powder and the second powder are selected according to the shroud
material that forms the repair region. The powders selected for cobalt-base shroud
materials are different from those selected for nickel-base shroud materials. In a case of
particular interest, the shroud material is a cobalt-base alloy known as Mar M509, which
has a nominal composition, in weight percent, comprising about 23.5 percent chromium,
about 10 weight percent nickel, about 7 percent tungsten, about 3.5 percent tantalum,
about 0.2 percent titanium, about 0.4 percent zirconium, about 0.6 percent carbon, no

more than about 2 percent iron, balance cobalt and impurities.

For the cobalt-base shroud material, the first alloy component preferably
comprises a prealloyed composition, in weight percent, of from about 10 to about 25
percent nickel, from about 15 to about 25 percent chromium, from about 5 to about 10
percent silicon, from about 2 to about 6 percent tungsten, from about 0.2 to about 0.8
percent carbon, from about 0.4 to about 2.0 perceelt boron, balance cobalt and impurities.
The second alloy cemponent preferably comprises a prealloyed comiposition, in weight

percent of from about 5 to about 15 percent nickel, fromr about 15 to about 30 percent

5




chrom um about 2.0 percent maxinumsilicon, from abouig gdi9oabout 10
percent tungsten, fromabout 0.3 to about 0.8 percent carbon, about 1.5
percent maxi num manganese, about 3 percent -maxi mumiron, about 0.5 percent
maxi mum zi rconi um  bal ance cobalt and inpurities. The first fraction is
preferably from about 25 weight percent to about 50 wei ght percent, nost
The second fraction is preferably from

prefera u I ght percent.
about 7%"?8% %Bégﬁc%\ﬁtp%ﬁ?“gﬂ@ﬁ’(m% siisoghfroperlants, tarakaut 1r piremmabl y about

- 65 wei ghtngpenCfoin. atout i tOhRE of ' r. erial, may. be a
ni ckel -base superal | oy such as %E%cﬁg%\r/%mtﬁyﬂ‘égﬁ% PR IR 0si t i on,

i n wei gRMENBUIELADOUL} PRicent MBGOMIGIron aboati0.S fereknp @fa&RRAmAMFRRMM 1§ Om
about 6 0, .percgnt.chromum fromabout 7 to about 8 percent
cobal t, b‘?irg%ér% %‘E’Eﬁ?‘lgzt{@?@esagﬁlﬁ ﬁ‘tﬁ%@“}?&'& Preferahbnirom aboro2s weight 1.3 to
about lpetcge teabout SOWyigHetrdEht, b t.0.: : er cent

il E’eyr“%"gés el a;ﬁ%}ce;ﬁ ﬁ%ﬁ?%ﬂ%ﬁt 4.75 to

r heni u from abou%’ 6.3 to about 6. cent tan um f

about 5T3%19s PEFEraplyHFamekout 75 weightoercdntitg ahout 5D weeiglarfeadetinadiput 12. 45

per cent pre¥ddbTy abolR¥saANGEhtHefdsfd and inpurities. Were the shroud naterial
i s a nickel -base superafldy such as Rene N5, the first alloy conponent

preferably conprises a preall oyed conposition, in weight percent, of from

about 10 to ‘@Bdhe other medcthe shrovbaiaterial maybabaitkelask Qup?g?ﬁl% s95h pﬁr cent
rom

chrom f t 2 ta about 12 percent alum num f to about 0.2
per centjﬁé I?tlﬁg%fﬁ]&oﬁaﬁlaé}%ﬂn ICRLBPSIUOM I Ypight Rereest, of Fremsabouh@itoedbooty conponent

about 10 To about 20. percent. casat roou ramrenant il buRab8 ey cent
chr om JRA0PY SrRestsst Robalty feora oant 012 to geueens palcertihagmm] faAuBARYE 2 Lo about
o ofer B P PR BB s e B rcenmbentms om a3 s
o] Ot perCEnt Lo apart S ) RORLO0 495 B BbE S P K aRdR 5.5
wei ght ap%f%eﬁﬁl.m%@ntw feniglun about 12i45ipgozent snigimmed, balmde BRR6IGNA MY be
e B 4%, OURER e A6 Ll Gl i, e e of
t he pr ditstialioy cemipamnppeferitdy ooMitises Aplchlidyed composition, in weight percent,

of from about 10 to about 20 percent cobalt, from about 14 to about 25 percent

chromium, from about 2 to about 12 percent aluminum, from 0 to about 0.2 percent

yttrium, balance nickel and impurities. The second alloy component preferably

comprises a prealloyed composition, in weight percent of from about 10 to about 20

percent cobalt, from about 14 to about 25 percent chromium, from about 2 to about 12

percent aluminum, from about 2 to about 12 percent silicon, baldance nickel and

impurities. The first fraction is preferably from about 55 to about 80 weight percent,

most preferably about 68.5 weight percent. The second fraction is preferably from about

45 weight percent to about 20 weight percent, most preferably about 31.5 weight pércent.

The two types of individually prealloyed powders may be provided in a loose,
free-flowing form. They may instead be provided as a pre-sintered compact. Both
approaches are operable, although the use of the pre-sintered compact is more practical
for production operations. In this latter approach, the powders are mixed together,

- pressed with a binder into a desired shape, and sintered by heating to a temperature




for production operations. In this latter approach, thg gh$ are mxed
together, pressed with a binder into a desired shape, a Sintered by
heating to a tenperature 6 8 April 2005 where the powders sinter but do not
both melt. It is not necessary that the pre-sintered conpact have a high
relative density (that is, little porosity), as it is later nelted. The

pre-sintered corr%ct is nmore easily handl ed and positioned than are the
free- f | S(lierythe pewdess sinterhyt de aptdbotsmels & is notnecessary thatdhespreisitage i n

bse It : ' ' f se_a oaches may.b sired. For
| Z)lg a?rpﬁg,%&tn g&g{? g(?glhﬁﬁﬁerre egqgg&n%gtt?maﬁlﬁyﬁtﬂg P8E?ﬁ[@éf‘~°eﬁ i} %‘tetrﬁgeltﬁgrdq.ﬁ%\ce 36, and
free-f| pvé-sigtepmicbenmctrizymbie epsibkiemdledtamdtpgdsitionsd aRAre MO HdedwiRs t he :

gr ooves 42dand 44. The repair material is placed into the repair region,
numer al PBEYICHH NG dRStp (1S [Res: eampactiomand shrinkage in awhseqfent meeltingze-4 | owi ng

powder S cofa ' | natkon of. both approaches.
The. amouar a0 apBEactr AL be dired SrARIRR, b8 Bepinip S BBt

mel t i ngmaxderpaotacied ythetend face36] andrfegi fiowing poedbRmeL Behatbked idRIhE €d

di nensi Qﬁ*'acTh‘ﬁ reBai{ mat er i al an(g%éhe repair region are heated to a

br azi ng° UERHE PRHORE of the granves 42 anddkt a portion of the repair material but
not the shroud naterial of the repair region, nuneral 68. In the case of

t he above- di Thesertt merabl is'piRAiiRlShE WpatnR D Al € el and the
ni ckel - base, fl | oys,. the br arzl?érlg t enper atpure |gs romeg{l gg't @fdg%ﬁ{o about

2335F, PRkt mgy pe thomixdws of tirfomriowing powderz 3 pre-sinterddecompazt, og
t : V] li.d t t | t t
hocer or bt oftbiraen BEUEE apdUL. THE QB of rbif Hicrl Pl S tBRtess. whi | o

the powsfder subsdquentt ineltink gindrmachirling] Ube tQRARSIRION B rERORENS iécﬁeisﬁ'ecﬁo that the
powder enerally retains its shape. After a short tinme at the brazing

Ss
t enper a IEl‘?eé',S{%f‘ypi cally on the order of about 20 ninutes to about 2 hours,
preferably about 2 hours, the nelted repair material and the repair region

are cool ed behOWphienat@idl It i 5k EERal terial to
solidify the repgi r material, n%%‘%&e%{eegﬁggg’#ﬁ%&%’B?@ﬁmg& i difies
bonded ®gltahleast a portion of the repair material but not the shroud material of the repair

region, numeral 68. In the case of the above-discussed repair materials for the cobalt-

o 3

base alloys and the nickel-base alloys, the brazing temperature is from about 2190°F to
about 233_5°F, preferably from about 2300°F to about 2325°F. At the brazing
temperature, the powde: having the lower solidus temperature melts to accelerate the
bonding to the shroud and the densification process, while the powder having the higher

solidus temperature remains solid so that the powder mass generally retains its shape.

After a short time at the brazing temperature, typically on the order of about 20
minutes to about 2 hours, preferably about 2 hours, the melted repair material and the
repair region are cooled below the soIidué temperature of the melted repair material to
solidify the repair material, numeral 68. The repair material solidifies boﬁded to the

shroud. The result is a shroud 30 in which the repair region is no longer undersize.

| In most cases, the amount of repair material is selected so that the repair region
will be oversize after the brazing and cooling steps. Although it would be desirable to
make the repair exactly the right size after brazing and cooling, it is typically not possible

to control the amount and distribution of the repair metal that precisely. Accordingly,
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shroud. The result is a shroud 30 in which the repair gegifinops no | onger
~undersi ze. In npost cases, the anmount of repair material i's selected so that
the repair region wll be oversize after the brazing and cooling steps.

Al though it would be desirable to make the repair exactly the right size
after brazing and cooling, it is typically not possible to control the

~anmount 1 s L bt | . air tal tha reci sely. Accordingly, 7
8 Apri ltﬁéz‘geggir? %&?%E%alﬂg o?éeral%%%né gl%ﬂgﬁlgﬁg?ngWE@t 7@%&'? RFCChEiehinded, nuner al
70, to witlethearecessarysietals siich aswhé proobés smegRSmary details such as the grooves
42 and 44. The present invention has been reduced to practice. A total of
400- 500 shrapds 30 jmde, of I\/%r Mb09 material were repaired on their end
faces to restUrRIcteRbinVeNiogles beentsderer éopraptice. Refntal 0640G:50sitsudser e t est ed
by oxi st sk } I 2 d by furnace cycle testing
bet ween room?%ﬁ%ggpggﬁg@fb%ﬁé&gﬁ%ér8‘%@8?.%‘%‘0“3 ¥R¥PRYnce of the
r epai r shoshlengttls Repsiredistiroudsavere testedt bpoxiditicnhestiap ag2030'F fpp3 WGQY substrate

teri | h arti cul mbodi t of th t has b
osor | Gs b9 AR Rt bRt S femmeaiure had PONTE Sk DOEslom il cat i ons
and enlp@ff@ﬁﬁﬁiﬁe&)fﬁﬁé’rebﬁré@éiﬂoudﬁ'&J&%ﬁi\gﬁeﬁ?‘fotth&gofftﬁgpﬁéigﬁb@% M#otga”d scope

of the i&venti on., Accordingly, the invention 1s no ed except
as by tHestRfpmatesal.cl ains. 8 8 April 2005 CLAIMS: 1. A nethod of repairing
a gas turbine engine stationary shroud, conprising the steps of providing

the gas turly Lne: § ud havi n _updersize repair region

made of a's E#lg%é‘gﬂrrgk) %ﬁcgﬁéﬁﬁﬁgﬁé%ﬁégﬁge F‘é’ﬁ@lﬁ“ﬁéﬁﬁﬂﬁ%@hﬁéﬂn defedt ed on a

gas f Kempwaosessoftillastetioh, virbugafiodificdlions agd @hRhceiaid W e Sdagud;
statironary shroud so

repairing t repair region of the gas turbine engine
that t Wé&oup c?epartglg from &lg spirit and scope of the invention. Accordingly, the invention

| is not to be limited except as by the appended claims.




repair region is no |onger undersize, the step of repaéhkggzbmyluding t he
steps of providing a sufficient nass of a repair material conprising a
first fraction of a first powder of a first alloy conponent, and a second
fraction of a second powder of a second alloy conponent, wherein the first
al I oy conponent and the second all oy conponent have different solidus
tenperatures, placing the repair material into the repair region, heating
the repaipjigmaterial and the repair region to a brazing tenperature
sufficirent to nelt at |east a portion of the repair material but not the
shroud material of the repair region, so that the repair material flows
over the répai rAmeghahof repairinghe pesafurhine engic stajionars shiopd.cpmpBisSEr mat eri al
and the repair region to solidify the repair material, the repair naterial
havi n eﬁmgﬁﬁidus tenperature less than that of the shroud material. 2. The

met hod of ghoRidMglihe WAS fn@rbite teh@inS t eRioBAryPehedtiddhaving! fie udssitalkdpaine  engi ne
stationary shroud includes _the step of providing the repair region having a
di mensseen madssof pshroyd spateniali whersay (ledBPAIRTIEGHIH It HeFdsdoPn 2 The et hod

of clgi rei . 3 f i.di.ng a gas turbine engine
stati@%gb%mghg%ﬁdwgﬁéﬁﬁggégfﬁ%h§%3%0g$§g%ggiding a gas turbine engine

st at i onar yrephiring ¢heneptir refioa of llieogrd tabirercdngine smtogary stirogd so thabthkt - base

superal loy.. 9.8 April 2005 4. The nethod of .cl.aim 3, erein the cobalt
base BPHbiFeIRdS ’AOA@B%GE% qr§igs the sfep ﬁ?@#@%@%@&ﬁ&&t i sing about 23.5

percent chrom t‘ﬁ?gvigﬂl%%tsuﬁﬂ}iéﬁﬁngﬂtofﬁ%ﬂéﬁ@ﬁaterﬁi SdtBprisigoout 7 percent

tungsten, abou ercent tantalum about 0.2 percent titanium about
0.4 percent zi rabirst fimtionbbufirsOpdvdee ptefitst dhylsomponent,and e t han about 2

ercent iron, balance cobalf and i.npuritiges,
P & second Tractiok of a secondrE%wder 6f3 second alloy component,

wherein the first alloy component and the second alloy component have different solidus
temperatures,

placing the repair material into the repair region,

heating the repair material and the repair region to a brazing temperature
sufficient to melt at least a portion of the repair material but not the shroud material of the
repair region, so that the repair material flows over the repair region, and thereafter

cooling the melted repair material and the repair region to solidify the
repair material, the repair material having a solidus temperature less than that of the shroud

material.

2. The method of claim 1, wherein the step of providing the gas turbine
engine stationary shroud includes the step of
providing the repair region having a dimension less than a specified service

minimum dimension.

3. The method of claim 1 or 2, wherein the step of providing a gas
turbine engine stationary shroud includes the step of
providing a gas turbine engine stationary shroud made of a shroud material

comprising a cobalt-base superalloy.




5. The nethod of claim1l1, 2 or 3, wherein the first al koy, goegpenent
conprises a preall oyed conposition, in weight percent, f fromabout 10 to
about 25 percent nickel, fromabout 15 to about 25 percent chromum from
about 5 to about 10 percent silicon, fromabout 2 to about 6 percent
tungsten, fromabout 0.2 to about 0.8 percent carbon, fromabout 0.4 to
about 2.0 percent boron, balance cobalt and inpurities, and the second

al | oy conpdnent Teengetlicgderd ciipriecahteiretic comiiidmid 2ltuy, hasa cogipghition,per cent of
fromabout 5 to about 15 percen% ni ckel , from about 15 tq about 30 percent

-~ chr o RE1ZRh BEFCCT, SPIYEI 00V 23 SReres chegmium, ghonh b0 wreight percgiout 10
per ceptekell %?V%rceﬁtétﬁﬁ%s%?%og@S% PefeACAthIth, AR CE M &R HBRRm 200Ut 1.5

percent maxi num manganese, about 3 percent rfaxi mumiron, about” 0.5 percent
maxi mabout Ordgerientgircotamaaknat 0.6lpetcentanatbonmeumoteitha abdut pacametrbind of ¢l ai m |
or 2, V\@grei %glﬁhedSte ..0of providing a gas turbine engine stationary shroud
I ncl u(l}% e 3?) B‘FP‘JE‘F‘S% ding a gas turbine engine stationary shroud made
of a shroud material conprising a nickel-base superalloy. 7. The method of

claiml, 250r 6Thbgietiod dfieRirhil; Stor 8] WRdteiONPONent conprises a preal | oyed
conposition, in weight percent, of fromabout 10 to about 20 percent

cobal t, fr&niEBaliey tampeneabenmpisss paicalioved compeontianmin Weight st 2 to about
12 PELE ity BbYT WB hO ML pbRAPRIkeID sRnP BAGEMS 1o/ bbbl 48 phiRLgnCe ni ckel
and inpurities, and the secORd A Oy tonponent conprises a° prealloyed
conposhioimun, fromvebioght tpeb@en pefcehr silival dvin A0t @ takbuit & Pepeitcent

cobal t, frorggabﬁut to abﬁgt 25 per.cent chromu from about 2 to about

12  pBfgdst OHLOYE ta kvt S5 dstcent qagbogpom about, 0t toatbpulsd. ¢ persent bal ance

ni Ckeboﬁﬂsdbalmgéﬂ,dﬁhi&g.imkgﬁﬁef?ﬁd| 2005 8. The nethod of any one of the
preceding clains, wherein the first

the second alloy component comprises a prealloyed composition, in weight
percent of from about 5 to about 15 percent nickel, from about 15 to about 30 percent
chromium, about 2.0 percent maximum silicon, from about 5 to about 10 percent
tungsten, from about 0.3 to about 0.8 percent carbon, about 1.5 percent maximum
manganese, about 3 percent maximum iron, about 0.5 percent maximum zirconium,

balance cobalt and impurities.

6. The method of claim 1 or 2, wherein the step of providing a gas
turbine engine stationary shroud includes the step of
providing a gas turbine engine stationary shroud made of a shroud material

comprising a nickel-base superalloy.

7. The method of claim 1, 2 or 6 wherein

the first alloy component comprises a prealloyed composition, in weight
percent, of from about 10 to about 20 percent cobalt, from about 14 to about 25 percent
chromium, from about 2 to about 12 percent aluminum, from 0 to about 0.2 percent
yitrium, balance nickel and impurities, and the second alloy component comprises a
prealloyed composition, in weight percent of from about 10 to about 20 percent
cobalt, from about 14 to about 25 percent chromium, from about 2 to about 12
percent aluminum, from about 2 to about 12 percent silicon, balance nickel and

impurities.
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fraction is fromabout 25 wei ght percent to about 50 ggcent, and
the second fraction is fromabout 75 wei ght percent to out 0 wei ght
percent. 9. The nethod of any one of claims 1 to 7, wherein the first
fraction is fromabout 55 to about 80 wei ght percent, and the second
fraction is fromabout 45 weight percent to 20 wei ght percent. 10. The

nmet hod of any one of the preceding clains, wherein the repair region is or
i ncludes an end face of the gas turbine engine stationary shroud. 11. The
met hod of any one of the preceding clains, wherein the repair region is or
i ncl udes an edge of the gas turbine engine stationary shroud 12. The

nmet hod of gny o of h recedin wherein the region is or
i ncl udes agback g} atnﬁeorbeagf Bf‘?‘fgdlgﬁg(?lﬁgls Zﬁe&% il oud. 13,

f of
-;I)-:] gvrgrg ﬁg&agsfﬁ ”?{1819%{ nﬁlggiep‘%gffn Q@ﬁ?@f"ﬁlﬁm Perﬁ |n t eS?‘%’EI first powder

2{]2' L@%ﬁ_ﬁcﬁ) Qﬁnpﬁ@ﬂ??s %kg{!}{E&Fénk?%ﬂ&tgﬁ)vv\\%?ﬁsercem The r‘ret hod of any one of

erein a“sufficient mass incl udes
the step of providing the first powder and the second powder as a

pre- i nter od commaglendPor yHINOCIaS PRR! Y@Qreﬁ[‘t}%nﬁﬂs{‘ﬁa?ﬁdhc fuding the

nmet hod of any one al ns repairing an

aircr I ins. 11 8
nor 1| 5l oS5 Bflolt!ip ELRO fﬁénéiﬁ‘é%k 80%c0hd iR IERH b Sl 1 175

nethoq@@%Iﬁggahmﬁ@@“gﬂﬁggﬁk&ﬁe formng a portion of a flow path surface in
a gas tudrbl ne engine, article previously exposed to high tenperature

operation in the gas turbine engine, the method conprising the steps o
i dentifyingp.an vRdedehdPoflbiPBAé OF A ptd8dREIdIShR, whBRil MiCfph#e di mension

region is or includes an end face of the gas turbine engine stationary shroud.

11.  The method of any one of the preceding claims, wherein the repair

- region is or includes an edge of the gas turbine engine stationary shroud.

12. The method of any one of the preceding claims, wherein the repair

region is or includes a back surface of the gas turbine engine stationary shroud.

13.  The method of any one of the preceding claims, wherein the step of
providing a sufficient mass includes the step of

providing the first powder and the second powder as free-flowing powders.

14.  The method of any one of claims 1 to 12, wherein the step of
providing a sufficient mass includes the step of

providing the first powder and the second powder as a pre-sintered compact.

15. A method of repairing an engine, including the method of any one of
the preceding claims.
16. A method of repairing an aircraft, including the method of any one of

the preceding claims.
11




being less than a specified mnimum service di mension gnghdiP@osinder si ze
~dimension being defined at least in part by a non flow path surface of the
article; providing a repair material conprising a first fraction of a first
powder of an alloy conponent and a second fraction of a second powder of a
second all oy conponent, the first alloy conponent and the second all oy
conponent having different solidus tenperatures, wherein the repair

mat eri al hdd. a dothireldrepanmdecaonding tb dgsmethad of tlhimt 10f an article materi al;
associating the repair material with the non flow path surface of the

article; ating r ir.material ;and t.he article to brazi ng

t enper at urgg'suf ] (I:I%egﬁ)td ?gglep%qqg 4 aﬁé%%?g'gnﬂ%rat p%lﬁogfot{[%gf% eﬁ’ﬁﬁi‘r mat eri al
-but netrfidesinad ghe hebinarggimepttengtitle prowbhstyl k@Rl rto MALIE tdn@eratpd t he repair
region to.solidify the repair nmaterjial, the repair material having a

sol i dQBeTRdeHEhe gisdurbancseneionthepagthegt campprising hagtepset eri al , the solidified

repair mat H&ﬂ@ig@%ﬁgﬁ@%ﬁﬂzet SR8 T e AHibENMClndelize gﬂ}%?n%tnhod of claim

18, wherein t conprises a stationary con(%)onen a gas turbine
engi nbsingdesswher zispecifivel mivdaus sevick diensision 8 thé endertiz€ dgnersApr i ses a

chord.|l.ength. The nethod of_ claim 18 wherein the non flow path surface
is anb%‘ﬁ‘ﬁ%eﬁléeéég&asﬂné’&’g%ﬂ’@r%nrf@“éﬂﬁpﬁ%‘%@eéffiﬂ%ﬂﬁ??%hroud. 21. The nethod
of clai m 18sovidies Q!r@bhaqﬂqﬁafeﬁﬁpéorﬁ’ﬂﬁ@% £ HRORRRbn Q)@Mljsls@%’ﬂt?er%%l | oyed

conposition, in weight percent, o romabout 10 to a per cent
cobal elloy compaengtant4a t scesb ditactdn ofier ceerndc howdéruof af sexondibdioy 2 t o about

12 per al um au from0O tq abqut O. ercent yttrium,. hal ance nickel
“and i ﬁ%ﬁﬁx}epé&e @ﬁﬁg;l{%ézogjé’(?{}?fg aﬁﬁ?ﬁwe‘é ﬁ’é’ﬁiochSPr%Fﬁ’@@Eg diffgrent) | oyed
C 0P Osalidu® femperatiiis JWherePethe @83ai0mafeHaNhaALH YolidiQ ttRpahatd 1:201Hg! cent
cobalt, from about 14 to about 25 percent 12 8 AprlF 2005 chromum from

about that efangstiele megerisbr cent al umi num  from about 2 to about 12
associating the repair material with the non flow path surface of the article;

heating the repair material and the article to a brazing temperature sufficient to
melt at least a portion of the repair material but not the article; and

cooling the melted repair material and the repair region to solidify the repair
material, the repair material having a solidus temperature less than that of the shroud

material, the solidified repair material increasing the undersize dimension.

19.  The method of claim 18, wherein the article comprises a stationary
component of a gas turbine engine, and wherein the undersize dimension of the article

. comprises a chord length.

20.  The method of claim 18 wherein the non flow path surface is an end

face of a gas turbine engine stationary shroud.

21. The method of claim 18, wherein
the first alloy component comprises a prealloyed composition, in weight
percent, of from about 10 to about 20 percent cobalt, from about 14 to about 25
percent chromium, from about 2 to about 12 percent aluminum, from 0 to about 0.2
percent yttrium, balance nickel and impurities, and
| the second alloy component comprises a prealloyed composition, in weight
~ percent of from about 10 to about 20 percent cobalt, from about 14 to about 25 percent
12




percent silicon, balance nickel and inpurities. 22. Thgdgﬁg%gsof cl aim 18,
wherein the first fraction is fromabout 55 to about i ght percent,
and the second fraction is fromabout 45 wei ght percent to about 20 weight
percent. 12a BRAZE REPAIR OF A GAS TURBI NE ENG NE STATI ONARY SHROUD
ABSTRACT OF THE DI SCLOSURE An undersize repair region of a gas turbine
engi ne stationary shroud (30) is repaired with a sufficient mass of a

r epai chroatiem; flom Thwt r2e paaboutrelRepérednt iahohindms fianf abatt 2 fo abhitdr? of a first
powder of a.first alloy.c anent.,. and a second fraction of a second

powde PERSERIIRGORRjAnee pifke BRUHESS The first alloy conponent and the
second all oy conponent have different solidus tenperatures. The repair

material i92pl aqad nmathdd6f claigP 8, 'wh&einGhe fitdd Frab@RRis' froBlaBbnds And the
repair region are heated to nelt the repair material but not the repair

r egi oAPOWRY Weihicpareant, andethe spnend frastien isafrommbouhéS mesialit percegi on  are
cool eQb(‘iLR 26%&&&%0%&? repair material. Fig. 3

12a






