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 engli nes and, nore
particularly, to the repair of stationary shrouds found in gas turbine

- 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 m xed with fuel. The m xture 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 tRdAUPHARY BHRE¥IDand 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 REEDORMHHINOVERTIGRP! 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 sHubisentidnaelates tegas terbing edginedwnd inoed pHrbr B4 todhe FpRIL Unnel i n
an end-otfg- ﬁggafggrhi ﬁnf The stmonarg. shroud structure has such a
segnented arrangement 18 AL EBHEIEOEIE t her mal expansi on experi enced
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 c%l inder, and. a support structure that backs the gas path
surface andBABGIERAE §as furhine {ich)rpgine, ir isdrawajinfodhe fronttofube engine, Dur i ng
Ser Vi ¢ gompR@seBP A" shaflhihdll & r bg dgnmged by, fatigue,
er osi on, gnd ot her rrecha‘#i{érrs. n@%‘ggspgra?lnﬁo@‘lgﬁe@ﬁé%edﬁ?@ ring away
of mat buingd, and the hot combustion gases are passed through a turbine mounted on the same

shaft. The flow of combustion gas turns the turbine 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




fromthe shrouds, at locations such as the end faces, ghg,fiopyerd and aft
edges, and elsewhere. As material is worn away and during nultiple repair
cycles when material 1 8 April 2005 is renoved by machini ng operations, the
shroud gradual |y becones undersize in at | east one dinension of the

support structure. Wen the shroud has becone too small in at |east one
di i ' i , it is
i soar dego R by BafRRE Chordhds hifiobd gy Mok HRGHRTH sERB 't o' Such

damagend dingmsiontafiths sgppertgimetush Wohieisthe Bhepus Hae besorag eongmakd] f atexpensi ve
ni cke] - hase ,or cobalt-base sucperal | oys, and the discardin f a shroud

r epr e$87i08C 4manoR gHhe Sipper structyrs fo wHo beifonstional.dtis Aiseaeds this need,
.and further provides rel ated advantages. BRI EF SUMMARY OF THE | NVENTI ON One

ermbodi ment TRére i nBddeBE AN ithphee&t Ao RhQY kélBSnding R} IRH dalnal&RAEL NY @ gas
turbine engine stationary shroud. The repair may be perfornmed on any
* por t | BEkingengine shreudip dhe skropdicarameade|of expensivenéckgbbssemechbalirbabeon t he end

faces ' ' . e s.af the neighbqgri shrquds in

cor vi Sl AP BLERob A B PRGN BBt 2O IR BB T ul 1y

f unct investionaffatiillsehis @cad, apd birtheBprodidenbdlited hdehiapss.of the cost of a new
shroud. According to one aspect of the present invention, there is provided

a met epai.ri Lhe engine stationary shroud conprising
t he sgggﬁgpwg%‘épﬁgf@gﬁ%&w@fm ne engi ne stationary shroud having an
undersi ze repair region nmade of a shroud material, wherein the repair

region is Ot enBEdhRE SNthd pEASntlikRMHBA pRovidts fa3R8HOd of RBaBRB a %aHr bi ne engi ne
stationary shroud; repairing the repaii region of the gas turbine engine

st at | wrking esgine adtigmry Mapud. Niherreprit may dgiperfoingednon knpationmokthsi ze, t hfe
t f i ri L t f i di. fficient, nass of a
oL, SRS S o R SRS PR TP B o 52, 1

al | oyfae@npOHRNheigltd@ing shemds dn fsentdd Al efaddalBEBERMhe undersized. The
repaired shroud is fully functional and is serviceable at a small fraction of the cost of a

new shroud.

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.




powder of a second alloy conponent, wherein the first gldgygggponent and
the second alloy conponent have different solidus tenperatures, placing
the repair material in the repair region, heating the repair material and
the repair region to a brazing tenperature sufficient to nelt at |least a
portion of the repair material but not the shroud material of the repair
region, so that the repair nmaterial flows over the repair region, and

t her eaf t er Accardingn® tiveherehdpect oeptai pre@iteinivaltionn dhdrBds rEgpaided megi on to
solidify the repair material, the repair_material_ having a solidus

t enpeFﬁftﬂdé)%r%l%aéthlﬂatfowng RO TR eathabrlaes ingygas s Accor di ng
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t ur bi eegingribg methot lkemarising lthee gemsvoioukhifyingrasediersivendiglensiempéthet ur e
operation in the gas turbine  engine he met had conprising the steps of.

i dent F‘ft&?rengtﬂgn % % i%‘?‘lf?%ﬁ’?{“%ni%f; t:hﬁ% a a??‘f@?é,‘%?%“@ng‘é"r‘%‘ieze di mensi on
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di mensi on being defined at |east in part by a non flow path surface of the

ar t i cb#th sprface ofi the agicles pag vidingtactepair mabsmist cempising hifirgtfréotiauofen of a

first [ nent and second. fracti,on of a.second powder
of a ﬁgsg?jgﬁggelgﬁ %ga@%élﬁgﬁﬁ?taﬁ@ 33T dagrf“f 5))9 %fo?‘rﬁ%cr?gﬁtpo r Pﬁé second

al | oysezofigh @lley companent) ghél ifiréteilidRt codfonei antiahip secdtnd Aoy dokifotént t he repair
materjal, has_a solidus tenperature |ess than that of an article material;
assochating gliferent, solidus temperatuges, whereinnthe Fepairs matriphbas usplids of t he
arti cl8imePRaki | Lakt. 1 ' A i ng
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shroud material, the solidified repair material increasing the undersize dimension.

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.




that formthe repair material may be provided as free-fd Hopowders, or
they may first be m xed and sintered together to forn1a %ée sintered
conpact. The use of the pre- sintered conpact is preferred for standard
repair |ocations, such as for use at the end faces. The present approach
achieves a fully serviceable repaired shroud, reducing the nunber of
shrouds that are discarded. Ot her features and advantages of the present
irnvention will be apparent fromthe followi ng nore detail ed description of
~the preferred enbodinent, taken in conjunction with the acconpanying
draw i i f exanple, the principles of the
|nven?g§nF %ﬁ%%gggﬁgéﬁﬁﬁgng€9&ﬁmgﬁ is not, however, limted to this
preferred enbodinent. 3 8 April 2005 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 i Figwpeispeeispoctvy view «ffa @rbiny Bladepdsitaied pdjsdeht neschradj acent to a
shroud structure; Figure 2 is a perspective view of a single shroud from
t he s&EBﬁWFastructure side; and Figure 3 is a block flow diagram of a

nmet hod for repairing the shroud. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 1 depied f a turbine
di sk 24. There§§$%b§ﬁ$§§§%gﬁﬁgg§f é$P?E§ &ﬁgﬁzﬁgéb%gﬁﬁ%ﬂﬁggg inthis
fashiendto the turbine disk 24, but only one is illustrated. The turbine
disk 24 rotates on a turbine shaf t (not shown) positioned along its

Cir ough an A B A HRR B of el B et 9000 2 et ot onry

shroud structure 26, a portion of the circunference of which is shown
schemBBTALED DESCRIPTION OF THE INVENTION

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




8 April 2005 Figure 1 and in nore detail in Figure 2. ghgrghoeyd structure
26 inits entirety defines a tunnel 28 in which the turbine disk 24,
turbine shaft, and turbine blades 20 rotate. Hot conbustion gases fl ow
froma conbustor (not shown) through the annular volunme of the tunnel 28
betmeen the periphery 22 of the turbine disk 24 and the shroud structure

0 and causing the turbine disk

' 24 andn%llggllg ﬁgﬂ%qag’qgr%&%ﬁel "’rﬁi,g%t%nf ﬂég g‘f‘s\&‘iftﬂf‘%ﬂ@ @oi1a 1ts eptiraly defines nunber of

i ndi vi dm@mﬂmuﬂwmth@aﬁbhw@@dmmrb%sﬂﬂﬁ dnf pund the
ci rcunf erence of the tunnel1 28. One of the S%t%r{i}ﬂneﬁ%@@@ é ﬁ p h greater

det ai | i GPMhugtioregases fmﬂ@mmqmtmtommt shogma thiroogh thpamulmorumme (the

under si Fi faces the
© turbi nqupl?% rgg,gt@%r gﬁg he@'t %ﬁtﬁ?glmi%' Fbﬁ&%\??“ﬂéﬁ)%ﬂ“ $lgpctuse 2§she shr oud
renot e fimpingingeagyiest tHe tﬁﬂdnﬁbﬂﬂiﬁe@ 00 had @au%&g tRORBHPBRK 4 8hd e ts#:'e{f’?
i ncl udes PrngSI tely di sposed-end faces 36 that abut the end faces of the

ad10|n| hrouds 30, and oppositely disposed forward edge 38 and aft edge
40. Additional structural features, whose details and functions are not

pertinent to the tit Brm d (o] 2,,,an aft

groove 44, a ratszlgbtﬁégﬁlc%?ggékstl ngéd??d‘t.)lz1 ﬁ\g‘?bér W‘%&%ﬁ ﬁ%@‘éﬁé%o Duri ng

service Poé’ﬁ@ﬂ@? mrmreed@-enmmahgamm eound thclircamfgparice of the Uiintlr 28, Iy

becone emoval of hat _it__becones undersized

Initial %3@%9 g ﬁs’%‘?%ﬁ’egr aéf’ E‘P&%g\gczbﬂhm_ha?amﬂﬂ'éapure

becones path futfac®B2 (e Uhiderd@Sof (BEShrSIREH fn'tﬁ@v% il Bl gRast on that
as en

it is: noIorLg?elrfunctlonal I'n the past epr‘aC|ceto
di scar d fepEedada.shroud at this poi nt. The present invention provides a
repair technique for the support structure 34 of the shroud 30 so that it

R R RO
t ur bi ne flow path surface 32. The support structure 34 includes oppositely disposed-end faces

36 that abut the end faces of the adjoining shrouds 30, and 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




engi ne stationary.shroud 30 is provided, numeral 60. The, 'bpyg 30 has a
repair region which is undersize. That is, sonme dinension of the shroud 30
is less than a specified service mninmmdinension. The current repair
regi on of nost concern, which will be discussed in detail for the sake of
definiteness, is loss of materiral fromthe end faces 36 4 8 April 2005 t hat
abut the end faces of the neighboring shrouds. As illustrated in Figure 2,
a speci fthai@butsthe endfacesiofitrnvighbommsstoouds, Al HRiswhed hea eaeifidag rib 48,
is indicative of the.total qgord length of the shroud 30 between the
opposi t FYY 1% pBRuE dimansionRs Sﬁfldtbf‘)f%lq Gastingyib 4%vag indicatiee ¢fthe tadal30 wil | be

t 00 shorchotdVeh ¢ tHeGHIPug 3B BL I 8 ' of Al toget her
properly with he agj acent g?htlr‘%h s,e@ﬁ’éd%@n%}%&%%e@@ﬁééﬁr i%\l?éb %bet ween
the shrsBds thershreud ¥swilt bepocshort éatle dircunferatiil direaidn sideRBlrot Hie shroud
30 and i Lr regi,on, i,n this case the repair region 36, are repaired
by a ted etlé%ﬁa??%e\x;fél tfh@"é‘é?ﬁ}ﬁﬁ%&“@%ﬂlag’mgﬁu ga§ deakpge betwepmthe, nuner al
62. A repfiuds aiidh edsuRing idecBase\(h 6 GatifpeEitRhcP4. The repair material is a
sufficient mass of a first fraction of a first powder of a first alloy

conponent, aglq}ea second fraction of a second powder of a second all oy
conponent, t égffodifléola%@@ﬂ%lrfegmlrﬁhlslﬁawh@mpairsegdteﬁ&,etd:reph'inﬁnsion. The

first a ; : : .0y, conponent have di fferent

sol i ol’us,Ib %ﬁ%@i@%ﬁ@?‘@%gﬁﬂﬁgmﬁﬁaﬁg PIRZE EPaK; REFAIAG, AoBPAE @ rmel t ed
m xt ur e nufteridids pfavidkd, pametal 64ndht epAieeRrAaPRIOAITSRY Ragde st
terrperatfrure Iefs t han t hat gj a shroud material that forns the repair
regi on. TRREOR pF first gowdsr of 3 dirstiplloy cempenssé pad e sesanddeickion efia seronddi ng t o

th h | It . Lon.. T .selected f
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ni ckel - Bamensitw: Glhe firat alloyaompohent and teeseodnd Ry cofipbadnt hatEa@stentt he shroud
nmat er i a%oﬁ r Mb09, which has a nomni nal

bal t - b |l K. .
conposi t1 Ocﬁm?erﬁﬁ)% it %@S@ﬁ%teé‘gﬁggf 'giarﬁ%j ameadias agnelted snistne ofthe o um

“first powder and the second powder has a solidus temperature less than that of 4 shroud

- material 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




about 10 weight percent nickel, about 7 percent tungst@mpribaps 3.5 percent
tantalum about 0.2 percent titanium about 0.4 percent zirconium about

0.6 percent carbon, no nore than about 2 percent iron, balance cobalt and
i mpurities. For the cobalt-base shroud material, the first alloy conponent
preferably conprises a prealloyed conmposition, in weight percent, of from
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first fpredasl ab&xtWS%&%l??e}’e f§om about 25 weight percent to about 50
wei ght percent, nost pr r y about 35 wei ght percent. The second

fraction is preferably from about 75 wei ght percent to about 50 wei ght

percent, nos¥n thy etherkaptythabluund ffatenal ghy b@@hﬁ‘k@&bas%uﬁéﬁﬁlc@tsﬂ&{@and’ t he
I as Réne , Whi ch has
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haf ni urfP 3PPWh REfTt cobalt, fram byt 0112 to aboued.48 percomBARAUROm hb about 2. 75
6.3 to about 6.7 percent
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a sum of aluminum plus tantalum about 12.45 percent minimum, balance nickel and
impurities. Where the shroud material is a nickel-base superalloy such as Rene NS, the
first 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 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




i mpurities. Wiere the shroud material is a nickel-base8§HR§§gb§oy such as

Rene N5, the first alloy conponent preferably conprises a prealloyed

conposition, in weight percent, of fromabout 10 to about 20 percent

cobalt, from about 14 to about 25 percent chromum from about 2 to about

12 percent alumnum fromO to about 0.2 percent yttrium balance nickel
e second all oy conponent preferably conprises a
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powders are m xed together, pressed with a binder into a desired shape,

and si nt er ed Thy réeid ma@riaDisepliRARRGLANY T8hafr Rl hhwgf}i)?ﬁ_\/\weeméﬁp powder s

sinter but 'd? not both melt. It is not necessSary t e pre-Sintered
conpact M3kl maybg the wixdutenf thedrer flgwing pawders, theipre-biatepsirasipayl) or as it i s
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be desired. For exanple, the pre-sintered conpact nay be contacted to the

end facEEI%8ng free-flow ng powders may be packed into the adjacent
portions of the grooves 42 and 44. The repair material is placed into the

repair regi ofhe RpaR biditerB and (he rélﬁm.héion are heated to a brazing temperature to

melt at least 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-
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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material may be the mxture of the free-flow ng powderg,adf1eops e-sintered
~conpact, or a conbination of both approaches. The anmount of repair
material is selected so that, after subsequent nelting and machining, the
repair region is restored to its desired dinmension. The repair materi al
and the repair region are heated to a brazing tenperature to nelt at |east

a porti ; nai Ll bhut t fhe sh d material, of the repair
r egi on,tﬁﬂa%élrrte{%ﬁ%@?ﬂ?agé P ﬂ%&g‘%@g& fhen machug !}waﬁaL‘g‘ﬂé%@an@%ﬁlzem erials for
t he cobwith thebmsessaryldetadls ich dstthe picok&d 420agai4al | oys, the brazing tenperature

is fromabout 2190F to about 2335F, preferably from about 2300F to about
2325F. At t brazi ng ture, the powder having the | ower solidus

t enper
t enper at ur e qrgsepbzng@gg@aagém ngduceg dmpraniice: db totad o HOMEAD shrdudshe

densi f i b @ o AVAL ' e Lng.the higher. ,solidus
t enper at ur e&:%rrai n@g%ﬂ@gﬁdggv{e%ﬁ %ﬁ% %o@%g?“‘ﬁfﬁg? tﬁéﬁg‘?‘ﬁlﬂwf Brgbins its
shape. chprddengths Repaired steowds wetetebted by oxidittmpestiab 4f 2050E/RE ¢ohbyson t he
or der %‘d%gqﬁ‘t“ﬁéo [n'nl.gie to about 2 hours, preferably about 2 'hours, the
mel t ed “Tepai §@Fredes 'é'ﬁ??e?‘ffﬁéﬂf?%aqmpefaé'gpaﬂf OW°E §w128Q cyddesoWlehe sol i dus
t enper getformaiceldfehdRbhiesH SRS ' i di fv. I i,y material,
nuneral 68. The repair material solidifies bonded to the _ . The

e b Pils wd%%ﬁf\ﬂfaﬁht foc’thatfjﬁJ (}h? bﬁ%’lﬁalhﬁghm

resul t SPestetamatsral. 30 i n which the repair region is no | onger undersize. In
nost cases, the amount of repair material is selected so that the repair

region wll L e . zing ,and cool i steps.. Al though it
woul d be desﬁ“1 ?%B%Q? gfuéﬁlaagéhﬁé%lh}régb%t& E’%&E‘Hf\j’a?ﬁsew&gmbeéil&éetaﬂt er brazing
and codtt peposes ofsillugipition) VatiowetmediSedting and @nEAREMShts £ and

distri bu&lipo of the repair, netal that precisely. Accordingly, 8 April
2005 t K& Bﬁ%paﬁans OFhthe spifthaRd 5089 of the invemtion: Hexnondingly, tednventionr al 70, to
t he cokg &sttto Bk Bifhi A details such as the grooves 42 and
44. The pregent ilﬁegﬁ%élﬁ})#?faggggg%ﬁ?% &%:{Tel% to practice. A total of 400-500
shrouds :




30 nade of Mar Mb09 material were repaired on their e”?A&ﬁEE@OStO restore
their proper <chord |engths. Repaired shrouds were teste y oxi dation
testing at 2050F for 23 hours, and by furnace cycle testing between room
tenperature and 2000F for 200 cycles. The performance of the repaired
shrouds was equivalent to that of the original Mar M09 substrate
material. Al though a particular enbodi nent of the invention has been
descrbﬁm_n detail for purposes of illustration, various nodifications
and enhancenents may be nmade wi thout departing fromthe spirit and scope
of the invention. Accordingly, the invention is not to be |inmted except
as by the hppendeuethddadfirspaiinga gas futbio@ging| sty shropd,Rerwsigingf repairi ng
a gas,turbi engi ne stationary shroud, conprising the steps of providing
t he gtggStte {)!tl"sne engi ne stationary shroud having an undersi ze repair region
made of a glviau MBS itdbine Whginei statioRgry" $hp@idr havi@l &N uhdersiad rdpaat ed on a
gas flow path surface of the gas_turbi ne engi ne stationary shroud;

r epai ¥eging mpde pbpashioud apgteialowhersin hsTepalr KGR Bt decaledeR 888y shroud so
t hat i [ gl ' L r {.ze, the step of repairing

i ncl ug‘lg]ﬁEa@jﬁgﬁ%‘{e@;@%ﬁgﬁ#@ﬁ%{gﬁ{%%%ﬁgﬁ ?@{ngrit mass of a repair material
conpri si ngrepaifihg e repaciciion of theagdsitbinepagite statdnaay Shrosd sathabtheconponent ,

and a second fraction of a second powder of a.second alloy conponent,
wher efeRaif Frgion;is aq logger ynderyizs, gWéFPP Ogﬁ?!’a’cqli‘g ‘%‘@@ﬁﬁfﬁ?a?tlewflc onponent have

e e AR B LSk e L the
brazi ng t enper as firsefraction 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 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.




sufficient to nelt at least a portion of the repair nmage(ifboh4t not the
shroud material of the repair region, so that the repair material flows
over the repair region, and thereafter cooling the nelted repair nmateri al
and the repair region to solidify the repair material, the repair material
having a solidus tenperature |less than that of the shroud material. 2. The
nmet hod of claim 1, wherein the step of providing the gas turbine engine
st.at i onary 4shr oltle metloddf<ldithe, siheginothe polsalti s gldytes mepaipositiegi on having a
di nension. less than a specif iuggéger vice mni num di nensign. 3. The net hod

- of cl & Reighppersentypamprising pho Rsfeept ehrparyg, 3poyh40 weight perse’ingi ne
tati i t P i .
st at i QRAEIY asfik mpércemcdm'gsgei, 5@@; g'ﬁgﬁﬁﬁe @ﬁgﬁ:ﬂ 'aﬂ&t%z.zgﬁéménv kiRinfifn eNgi ne

stationary shroud made of a conprising a cobalt-base
super abéus {4 @re@nipgreohiu@asHul 0.6 Herentsiathod, rof motedhan @ouvthperednnirole cobal t

base alloy has. a conposition, in weight percent, conprising about 23.5
perceﬁf‘lae%er@ﬁ?%ﬁ?&]é@éﬁ %30 wei ght percent nickel, about 7 percent

tungsten, about 3.5 percent tantalum about 0.2 percent titanium about

0.4 percens. zi r Tadhi¢thodaPelilimQ, 8 op8I Whdtincar bon, no nore than about 2
percent iron,_ balance cobalt and inpurities. 5. The nethod of claim1, 2
or 3, wher 8ieditploy cpmpongni enmprisen® AeAloysd epmpesition, imweight peyesst.conposi ti on,

|1 e rPGAnl o Sholt TREROH uff b RELBGRA0hKEY, 1 om oot
f r om aloutiud, fremadbout 5 6o plerut dOtperdetnghit@) frobt abvuaRautabbut?s percadiout 0. 8
gﬁ{jcfﬁ,{gggt%{, &g)n: ab]:QrHO . ?(? gbu(}ut 8.'81)e}o%ntacgrob%51, g()rg aggurt%?4n%0 abggtrf(r)] iaer?:grlltance cobalt

boron, balance cobalt and impurities, and

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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the second all oy conponent conprises a prealloyed conpg§h;i35 5in wei ght
percent of fromabout 5 to about 15 percent nickel, froma ou? 15 to about
30 percent chrom um about 2.0 percent maxi mum silicon, fromabout 5 to
about 10 percent tungsten, from about 0.3 to about 0.8 percent carbon,
about 1.5 percent maxi num nanganese, about 3 percent maxi numiron, about
0.5 percent maxi mum zirconium bal ance cobalt and inpurities. 6. The

met hod of claiml 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 conprising a nickel-base

|1 7. hod .of cl ai 2 6 i he f] |1
cuperall vy . e MBMAPS:Ohachil B rhefe e e S B Y o
bout .1 0. t bal,t, . f b.o 14 ¢t t 25 t
chout 406300480 SELSENLpERR0 s SO0 o LR BT
perCeﬁfact'é{%irs%ﬂoﬂ{‘&bo%bf‘%@gbnﬁg%gt %bgo#%%’w i%nleaérlben"%.”d the second all oy

conponent conprises a p dsItl h Wwei ght percent of from
about 10 to about 20 percent cobalt, from about 14 to about 25 percent

chrom um 6L om 8hotleid Sr ROl dPciaBy PE0Y AN G ARARMS 2 to abou

12 percent silicon, balance“nick uritres. 1 2005 8. The

et hogoRf Ay 59ME aBbutl SIPwRILRCHALON, &ld% 80 49 Erod raction is
fron1a80u% 25 meiShflperce t ﬁ% a buta%gﬁﬁgﬁgﬁ%&%gPégﬁP%ign t#ﬁe second

fracth@@$k§m£&9@3g@gg;h] W5t ght percent to about 50 weight percent. 9. The
nmet hod of any one of clains 1 to 7, wherein the first fractionis from

about 55 to about 80 wei ght percent, and the second fraction is from about
45 10.  The method of any one of the preceding claims, wherein the repair

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




wei ght percent to 20 wei ght percent. 10. The nethod Ofg@gMﬂQ@gsof t he
~preceding clainms, wherein the repair region is or includes an end face of
the gas turbine engine stationary shroud. 11. The nethod of any one of the
preceding clains, wherein the repair region is or includes an edge of the
gas turbine engine stationary shroud. 12. The nethod of any one of the
preceding clainms, wherein the repair region is or includes a back surface
of the gas l¥ur bifnshrewtfepairestastordmagrty tistmethdd ol @ainThe met hod of any one of
the preceding clains, wherein the step of providing a sufficient mass

it des L1e o 5 it 9l B AP oot 5 ey SegPIgpovcer as

free-fl ow ng powders. 12, wherein

the swefaceflin Ppay hdbing eaghef fieCirfitle prawsudly Gkpsied th NBgls t@lbepftufty Ovi di ng the
first powder and the second powder as a pre-sintered conpact. 15. A nethod
of reBB‘i’rﬁﬁl?fgméHe girhane sngacy Hieppethofecomnrisgns e sigpsofone of  the preceding

clains. 16; . f b [.C » sl I; h t hod of any
one. of  t hi B Map RO UBE: i AR 10

accor eing l¢ss thdnea spchita winbnmi serdice dBnendiomeindcte Qﬁdd‘rﬁgaﬂfﬂle’igio@n art ihcl e
form a rtd of. a fl ow pat surface in a gas turbine engine, the
arti cp%ngflgjg?@t?g? St paL by atrg?nﬁﬂ’gﬂ”l ﬁﬁb‘g‘?"&ﬂ%ﬂ? arBﬁé’r ation in the gas
Lur bine_engigeiing BecsmR AarrSOBRAN N0, 1. FRBR of %gﬁ%&ﬁyarrw AN undersi ze

di nension of the article, the under3|ze di nensi on ess than a
speci #iled campprent andr 9 sseordll M@ntgdovf andetdnd poddersof e skcopdisilioy  bei ng

. d.ef | ”Sélnﬁénehﬁ R ﬁris{1 alﬂ)?(rc}om%\t/mgnt and tlIel SColf élﬂysc%gp%ggnt %];viglg %if?errélitd ©
solidus temperatures, wherein the repair material has a solidus temperature less than
that of an article matenial;

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




providing a repair material conprising a first fractionR gf 1@op5rst powder
of an alloy conponent and a second fraction of a secon owger of a second
all oy component, the first alloy conponent and the second all oy conponent
having different solidus tenperatures, wherein the repair material has a
solidus tenperature less than that of an article material; associating the
repair material with the non flow path surface of the article; heating the
r epai chroatiem; dftormanabbtt [Petoanbdut |18 percent mhaminmy, fiemp abatt 2 e abdftildi ent to

melt at Ieaﬁt a @ﬁrtion of t.he rePair material but not the article; and
cool | REFEWSHRen, Relanes figkel apdiEwirtpeSng the repair region to solidify the
repair mmaterial, the repair material having a solidus tenperature |ess
than that gp. t hehs el of@4ia! 18l whdrbif tBObitdliffab@6h {sSPéh abfBd 8 o2l _

i ncreasi ng the undersize dinmension. 19. The nethod of claim 18, wherein the
ar t i cRbow¥pveighispecant.sanddhe sgeond drastior it from aboyhds meidit merasalgione, and

wher ej ger s di nension of the article conprises a chord |ength.
20. Tﬁ@“ﬁ?@ﬁﬁﬁgﬁféﬁﬁﬁin1lg wherein the non flow path surface is an end

face of a gas turbine engine stationary shroud. 21. The nethod of claim18,
wherein the first alloy conponent conprises a prealloyed conposition, in
wei ght percent, of from about 10 to about 20 percent cobalt, from about 14
to about 25 percent chrom um from about 2 to about 12 percent al um num
fromO to about 0.2 percent yttrium balance nickel and inpurities, and
the second all oy conponent conprises a prealloyed conposition, in weight
percent of from about 10 to about 20 percent cobalt, from about 14 to about
25 percent 12 8 April 2005 chrom um from about 2 to about 12 percent

al um num from about 2 to about 12
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percent silicon, balance nickel and inpurities. 22. Thgéﬁflbgﬁs of claim 18,
wherein the first fraction is fromabout 55 to about wei ght percent,
and the second fraction is fromabout 45 weight 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 shr‘oudﬁpo is repaired with a sufficient nass of a

repair material. THERAZE @F AaGASHIIRBIBNE ENIGING  fraction of a first
powder of a first alloy co ond fraction of a second
SRSy ARY SR G

powder of a second all oy conpone t alloy conponent and the
second all oy conponent have different solidus tenperatures. The repair
material is placed in the repair region. The repair nmaterial and the
repair rA§STRACE OFEIBRDISCLOSIURE he repair material but not the repair
region, and thereafter the repair material and the repair region are
cooled to solidifrythere air.material , .Fi%. 3 ] .

An undersizé repdir region of a gas turbine engine stationary shroud (30) is
repaired with a sufficient mass of a repair material. The repair material includes 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. The first alloy component and the second alloy
component have different solidus temperatures. The repair material is placed in the
repair region. The repair material and the repair region are heated to melt the repair
material but not the repair region, and thereafter the repair material and the repair region

are cooled to solidify the repair material.

Fig. 3
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