3 SEP 2004 METHOD AND DETAI L FOR PROCESSI NG A STATOR VANE TECHNI CAL FI ELD
This invention relates to the field of axial flow rotary machi nes and nore
particularly to a method and detail for processing, nodifying or regadppi mg
a stator 5 vane. BACKGROUND OF THE I NVENTION Fig. 1 shows an axial flow
rotary machine 10 of the turbofan, gas turbine engine type. The engine

I ncl udes a conpression section 12, a conbustion section 14, and a turbine

section 16 whi cMETHCGE &pEs BHETAHLEPR PROMESHMNG ArSTAT@FVYANES 10 for

wor ki ng medi um gases extends through the sections of the engine. The
annular flowpath is the primary flowpath for the turbofan engine. The
wor ki ng TECHNCARFIELBr e conpressed in the conpression section 12. The
conpressed gases _are mxed with fuel in the conmbustion section 14 and
burned to addieivegiionselatrs igdbedicldrataxiakfiqy etay Mashingssnd moge expanded
t hr ough ad- g

g
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engi ke wvanprovided with a rotor assenbly 22 In the turbine section 16. The
rotor assenbly includes a rotor disk 24 and arrays of rotor blades which
extend outwardly across the working nediumflowath, as 20 represented by

the arr @bﬁ%l@éﬁ@@ﬂ'b BiFafap Iﬁgﬁ@@»j otor assenbly extracts energy fromthe

gases as the gases are passe ough the turbine section. The rotor
assenbl y trafsg.et shows sinemaaldiow mtahyemaohipeedsoidhe dediofam das tusbioenpr ess

the incom ng working nediumagases. A stat.or asse y 28 extends ..
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by the outer case 32, to confine the working nmedium gases to the working

medi @m foroxpeding medivwnmasesutndsihsougmiberacipne g thaeraingr dejernHar
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the arrays of TR® warking rhbdidesgadeachreatarapresbed irathe corapassich sectiopst2l about
the axi Sl'hé' colmpressed gases are mixed with fuel in the combustion section 14 and burned
to add energy to the gases. The hot pressurized gases are expanded through the
15  turbine section 16 to produce useful work and are discharged from the engine to
produce thrust.
As shown in Fig. 1 and Fig. 2, , the engine is provided with a rotor assembly
22 In the turbine section 16. The rotor assembly includes a rotor disk 24 and arrays
of rotor blades which extend outwardly across the working medium flowpath, as
. 20 represented by the arrays of rotor blades 26. The rotor assembly extracts energy
' from the gases as the gases are passed through the turbine section. The rotor
assembly transfers this energy to the compression section 14 to compress the
incoming working medium gases.
A stator assembly 28 extends circumferentially about the rotor assembly 22.
25 The stator assembly supports the rotor assembly and includes a pressure vessel, as
represented by the outer case 32, to confine the working medium gases to the
working medium flowpath. In many embodiments, the outer case also provides a
support structure for components which bound the working medium flowpath. The
stator assembly includes arrays of stator vanes 34 interdigitated with the arrays of

30 rotor blades. Each array of stator vanes is disposed about the axis A.
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EH 10249 - 3 SEP 2004 As shown in Fig. 2, each stator vane 34 extends
circunferentially with respect to the axis A Each stator vane typically
has an inner platform 36 and an outer platform 38. The stator vaqeg@amﬂpn
upstream end 42 and a downstream end 44. These ends are also calle
respectively the | eading edge and the trailing edge of the 5 stator vane.

An upstream |l eg 46 and_a downstream |l eg 48 extend radially fromthe outer
platform Eaé¥s ShymisFig. £egach slateyinaddhegiensdy girgmigesritielynwitbhoessectand
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3) . Theostatgdathorinile Eakb legw his mgont disinepreseskad by thdapstasas feat 52 and kr r ay

f rotor blad d d f 15 | ades. Th
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steady aifteHigbiRASY eRRIROMIHINGadIOsS warkﬁﬁben@dmrﬁiflowpmﬁﬁgn&@é&ﬂfe are in

part the result of wakes fromthe upstreamTotor blades and bow waves from
downst r gwer plaifarm shddes outer plafitrm.ohhe berm "stator vanst ichustesf canstnuistionst
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t her mal agfciRi fretfrecilentip@aned astatbridanecdiisterg er ential variations in
tenperature of the working mediumgases in the flowath. These variations

i n tenper at urlder aigail 66raf $he statpayanmexiends spaneisely 3RdinasiTBressHEs sifens at
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cause cycli1c stresses tor~va may cause cracki ng of
t he stagaseyasdhelgasesxxitpne, aredy dhater bladas rodenter 4 Hewnatredm arrdpof hat

are, subj ect o hipgh repetitive stresses. The | eadjng_edge 64 of the
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the stator vane 34 and particularly to the airfoils 56. The heat causes thermal
20 gradients in the stator vane. The thermal gradients are aggravated by

circumferential variations in temperature of the working medium gases in the
flowpath. These variations in temperature result from variations in upstream
operating conditions at the combustion section 14 of the engine.

The aerodynamic and thermal forces cause cyclic stresses in the stator vane
25 34 and may cause cracking of the stator vane, for example, at those locations on the

airfoil 56 that are subjected to high repetitive stresses. The leading edge 64 of the

airfoil 56 is one location on the stator vane that is particularly vulnerable to cracking.

This occurs because the airfoil is a structural beam that has a very narrow outermost

fiber, that is, the relatively narrow leading edge 64. The narrow leading edge of the
30 beam has an associated high stress concentration factor. The effect of this high

stress concentration factor is aggravated by the change in geometry at the location

where the airfoil (or structural beam) transitions into the outer platform 38 and is



stress concentration factor is aggravated by the change in geonetry at the
| ocation where the airfoil (or structural bean) transitions |n‘t?oSl¥Pn@ﬂ[lbuter
platform38 and is 2 - 3 SEP 2004 referred to as the region or junction T.
This is usually the tangency point between the airfoil fillet and the
airfoil. Fig. 3 is a perspective view of three stator vanes 34. Each stator
vane has three airfoils 56. Fig. 4 iis a cross-sectional view of the

pr essur el 1835 bie regionupt IWncBopdy (Thig ist wraially thefandenek evinhigiwess shown

in Fig. g of the pressure side airfoil 56 frequently
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redesi ghaded elaRked pREssURESidRe 4iffBil 48shdaM. NBsRAdaY ialaddftiorkaans pﬁés@féal
length D. This thickness is uniform20 for the entire circunferenti al

ext ent &fde aigfoil cthestayried agfaik @rsugina sideheairfollinknerask ¢t the leadingiedgened

or et al SPERY G PPIeEe st dBE Sanet aly s RlkBle By WERHRS Os bifiriigralS Tha o
r edesi gredh sisayousing RGN baﬁdelfmealbswagfe 6 tHey hubﬁcmdespmheénﬁénm each
airfoil 56r which extends rearwardly fromthe upstreamend 42 of the
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has a leg 46r having an axial thickness or axial length D. This thickness is uniform

20 for the entire circumferential extent of the redesigned stator vane. The thickness of
the redesigned stator vane is thicker or longer in the axial direction than the
thickness or axial length D of the upstream leg 46 shown in Fig. 3 and Fig. 4. The
redesigned stator vane 34r has a local opening or local pocket 66 at each airfoil 56r
which extends rearwardly from the upstream end 42 of the stator vane. The opening

25 is circumferentially and axially aligned with the leading edge 64r of the airfoil. The
opening interrupts the radial continuity of the stator vane and the radial continuity of
the load path from the airfoil leading edge to the leg and thence to the support
structure. This causes the load path to shift rearwardly. The high gas loads acting
on the airfoil are not passed by the stator vane through the leading edge region next

30 to the platform. This avoids subjecting the ioads to the high stress concentration
factor caused by the narrow leading edge and the transition geometry. As a result,

the stator vane has an increased fatigue life.. However, replacing an earlier version




on the airfoil are not passed by the stator vane through the | eadi ng edge
region next 30 to the platform This avoids subjecting the | oads t4d SfRe:
hi gh stress concentration factor caused by the narrow | eadi ng edge and the
transition geonetry. As a result, the stator vane has an increased fatigue
life.. However, replacing an earlier version 3 - 3 SEP 204 of the stator
vane that |s cracked or expected to crack with a redesigned stator vane

requi r eSf thiesiatercranathat l?acwehﬁé PaE3PediaAdC cradkowi Agrgesigord stater ¥aaad
engi neer, r appl i cants assi gnee have sought
to develé(ﬂ)ﬂWéé‘fh%%pLg%ﬂEEebfgcrgS%?%%é@%& ator vane 5 which has a crack or

whi ch m ght @rca:okdmglyasmentusteadnd esgiheens workinggenddrehe rdiieetibh @f zone from
t he | eadi ng ge to the platform SUMVARY OF I NVENTION This invention is in

part pr 88PHGARE assianee fﬂ?e\@o@?ﬂahté% depalopanmetiad f%rpé@wsm atsetﬁtowﬁ@e may
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a repl acenent detail ro ea |ng e ge t tformtranS| I on and

its hi glzonerﬁmnttlnateaﬂmgbdgeioﬂm:plraltfoand formng a repI acenent detail
having entirely new material at the junction T between the | eadi ng edge
and the platform Such a replacenent detail nmay be used for a cracked or

about t osgfAARY &FOINVEENEIGIgd mey be bonded to the stator vane. 15
According to the present invention, a nmethod for processing a stator vane

i ncl udes r endViishgveation s wubmtpr@:tlcfdedwomuelrea@@mgoem gagligrorersiont he
renpopve t n T of the l,eadi the airfoil and

fo 1 or melREVAGE Qb bt Rererrplity stifRa e AR GehdRe SLhales rom

t he1Q unedr Prepladseht Hegilawd\eRbRCRBEBEAdiIAG edigk thpratRanPRadiinen snafigces on
an airfoil section and on a platform 20 section that face the surfaces

formed 8igh erneanikadionatrass fapler apdfamigataeeplaceimericdaial havingi gntrelytrew

stator ¥aferiol & AESGRAAICT e 208 RIBRE SBIL 200 OBRRERCS, dryent L on

t he net orm ng at | east ce on airfoil

that faggslacémengdetdilahby beaxdea fod arceactkenhoxaatﬁbtatto Icm sty vaoredmdmay
surfaces on thentgl atform with one facing in a 25 generally axial
di rect i 8F RanegHe thestalgr VANg: general Iy circunferential direction In

accpg dance WialdioRdiiRg @5 R bFEs¥nt fHivehtien P4 AR&Abd FMSBEESIng N GafBVand
includes removing part of the platform and leading edge region of the airfoil to
remove the junction T of the leading edge and the airfoil and to form bonding
surfaces on the airfoil and platform that are spaced from the junction; installing a
replacement detail having bonding surfaces on an airfoil section and on a platform
20 section that face the surfaces formed on the stator vane; and, bonding the
replacement detail to the stator vane.

In accordance with one embodiment of the present invention, the method
includes forming at least one bonding surface on the airfoil that faces in a generally
axial direction and at least two bonding surfaces on the platform, with one facing in a
25 generally axial direction and one facing in a generally circumferential direction

In accordance with one embodiment of the present invention, the method
includes forming surfaces on the platform that face toward each other in a generally
circumferential direction

In accordance with one embodiment of the present invention, the method is

30 used for repairing a stator vane having a crack adjacent the junction T between the

leading edge and the platform, the step of removing part of the airfoil includes

4



includes formng surfaces on the platformthat face toward each other in a

generally ~circunferential direction In accordance with one enboql UUPf

the present invention, the method is 30 used for repairing a stator vane

having a crack adjacent the junction T between the |eading edge and the

platform the step of renoving part of the airfoil includes 4 - 3 SEP 2004
' all material bounding the crack and the step of installing a
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llayer of foll materia et ween e surtraces on the al 11 and airfoil
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di sposing a f,]l owabl ¢ bondi n bet ween the platformsurfaces for
bondi no the ihAEoidaree i e egifioent phREusr i, b Brodi ment
of the Moﬂ%lﬂf%tHe'}\é‘bWEde%‘enttd@e@ﬁw%md%fs dlépﬂﬁﬂq‘ﬂ | SR S| ﬁiéﬁéﬁé%%%tﬂ@eﬁ he
airfoil and pl atform conprises formn surfaces that are oriented

such t hae pua‘a@%s earthauarrfmgarpﬂ airfod rsection faadehfﬂmnom hendingttbe a1:$oﬂ/awéa<m8e
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the i nstatfaeds feopshidingthe Plaloas surfaceonsgatrerd perpendicular if a line in
one*plane S perpendlcular to any line in the other plane. In accordance

with one enmbdbiasertdascerwith snegamodme@h@ﬁ tog, presentdnegntion. the stegnelvi ng

materi alg @He r eg
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condition. Planes are considered perpendicular if a line in one plane is
perpendicular to any line in the other plane.
In accordance with one embodiment of the present invention, the step of
20 removing material from the stator vane includes removing a portion of the leg
extending from the platform and forming surfaces on the leg facing toward each
other in a generally circumferential direction.
According to the present invention, a replacement detail for a stator vane has
an airfoil section and a platform section and has at least three bonding surfaces with
25 one located on an airfoit and facing in a generally axial direction and with two on a
platform section of which at least one faces in a generally circumferential direction.
In accordance with one embodiment of the present invention, the platform has
two bonding surfaces facing in opposite circumferential directions.
In accordance with one embodiment of the present invention, the replacement
30 detail has flat surfaces such that a plane containing the airfoil section of the
replacement detail is perpendicular to a plane containing at least one of the platform

surfaces.




pl atform section of which at |east one faces in a generally circunferenti al
direction. In accordance with one enbodi nent of the present inve tq’Egnmmt he
platform has two bonding surfaces facing in opposite circunferefiti-al
directions. In accordance with one enbodi nent of the present invention, the
repl acenent 30 detail has flat surfaces such that a plane containing the
airfoil section of the replacenent detail is plerpendi cular to a plane
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accogdangfy t‘HietlEaQi'ﬁg {ABNYirfoif Ne repl acement detail has a |leg section
extending in a genérally radial direction fromthe platformsection, the
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the | oad bearing path ugh the leg in the installed condition to a
| ocat i ostatar vhee pand.fibe ieplacements dataildiasyan epening avhich ihaxipliyetigred wihween

h I . he.l ' f th i rfoil. ' h
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ext endi rgthif nshifiehg ledd Beafingpathothr thedsy e thd petaledrnditie fohe
platformand airfoils, and further includes a section of the | eg adjacent

one of teratiof on Hie plalfrmewingl isaxially Egarwapd Rf thedunctiorybetwesn thean t he
adj acentgié)t%rm 9 d%?“%?é'l'fﬁﬁg?g’ftﬁgmﬁes an opening which interrupts the

radial continuity o rough the leg to the | eadi ng edge of
the airfoil tAcaedingasedhd pecderdihvemtibhea clatst eanaincludes2d pjatioctn, ahldast ween
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fromthe flowath face of the platform and a | eg secti'on which
airfoils which has an axial depth that is greater than the adjacent portion of the leg
and includes an opening which interrupts the radial continuity of the cluster through
the leg to the leading edge of the airfoil to decrease the load on the cluster at the
20  junction between the leading edge and the platform.

According to the present invention, the stator vane has a replacement detail
having at least three sections attached to the vane: a platform section, an airfoil
section extending from the flowpath face of the platform, and a leg section which
extends from the other face of the platform.,

25 A primary feature of the method for processing a stator vane is the step of
removing the junction between the ieading edge of the airfoil and the platform.
Another feature of the method is forming bonding surfaces which are spaced from
the junction of leading edge with the platform. Still another feature is the step of
bonding airfoil surfaces to join the replacement detail to the stator vane using

30 pressure at the airfoil surfaces and using a flowable bonding material for platform

surfaces that face circumferentially. In one embodiment, a feature is forming flat



extends fromthe other face of the platform 25 A primary feature of the
nmet hod for processing a stator vane is the step of renoving the junction
bet ween the | eading edge of the airfoil and the platform Anot her3 SERilfike
of the method is form ng bondi ng surfaces which are spaced from the
junction of |leading edge with the platform Still another feature is the
step of bonding airfoil surfaces to join the replacenent detail to the
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bondi ng mater or platform surfacées that face Circunferentially. In one
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t han the renmal hder eneat |'eadi ng edge region o

ai rf oi | .aifoil extending extialydsoraa plbtfyrm nAdey leaterstsaadially diven the platfermupt t he

radial continuity of the |oad gg(“; ext endi n?r t hr atform
y

to the IVWHEN RGO hE SiRler ¥pPE & Pe SHPRPIGE haseat ?%ﬁb&%%%ﬁﬁgég HY
i nvegt i C?ﬂa{;ltﬁné.hqh%ﬂéﬁ Hefs 4 268HPtHICkeRReckdh MHanf thklreMikderioTshe ley from
removing the junction T between the | eading edge and the platformfor
f or ni ng Hemedtmthesleatingesdgoredidie of thel idﬂ@irhregﬂ apening extends gaiallgimedierent |
this i ncslté"t%?%a%g ﬁé“]n’}%rrﬁBt t%)éi r%!jiafl %ghtﬁ]&i@ugfftﬁg ?oa%np:?tﬂ e%érﬁoqhé tl’?r'aﬂgﬁ the
leg and platform to the leading edge of the airfoil. :
A primary advantage of the present invention is the ease of processing an
20  airfoil which results from removing the junction T between the leading edge and the
platform for forming bonding surfaces for the replacement detail. In one
embodiment, this includes forming an axial facing surface on an airfoil and a
circumferentially facing surface on the platform to bond the replacement detail in
place. The use of the surfaces so oriented permits diffusion bonding under pressure
25 against the axial facing surface and permits use of a flowable diffusion-bonding
medium for the circumferentially facing surfaces. The flowable bonding medium
enters the region between the surfaces by capillary action. A particular advantage is
the ease of processing a stator vane which results from forming flat surfaces for
locating a replacement detail against the stator vane and then bonding the
30 replacement detail in place.
A primary advantage of the present invention is the durability of the
replacement detail and the processed stator vane which has bonding surfaces
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circunferentially facing surface on the platformto bond the repl acenent
detail in place. The use of the surfaces so oriented permts d|ffu5|o
bondi ng under pressure 25 against the axial facing surface and pe gqﬁse
of a flowable diffusion-bonding nmediumfor the circunferentially faC|ng
surfaces. The fl owabl e bondi ng nmedium enters the region between the
surfaces by capillary action. A particular advantage is the ease of

pr ocessi @%ng%,to% He NFRAHRY ffL SAHI Sude ATk IR Plafigrh| &% ohEchatsasimbat,

| ocat i n95 lI"acene etarl "agal n e stator vane and then bonding the

30 repl &ﬁ@m@p’ﬂbc@iﬁém Hetail hHalsac Bat uAclmedmrriac&dam‘u’mEa@éobSeﬂ;tm pkibsent
invention is the durability of the reBL%c ment _detail, thﬁ,processed
stat or vaR@cRmest IRt Woikhimgrasihedeas pat @*'SE%SEBB@%%&&&“ Fom t he

t h rdadidrrieh
Jrggfal:g:}rgﬁ&l%@ﬁl rfﬁqhg%ﬁﬂﬁg %%c??ﬂglgasurﬁ%adl he alﬁrfml secttrlagér)\ﬁgf
t he 5reghéeeirette sgietcalvbnehmcrmmmmltmgd igdhbe datablﬁty@fhh&]etaé@pmetwhléht he
airfoil rearwardly fromthe |eadin rﬂare@lonﬁw\[{ _hlgh
stress d@ﬁ@’é‘hﬁf@@tre@iﬁoﬂ‘g ﬁl?tt‘?ﬁ'ailaliiatmgh §V§§% ﬁ%w e "is the
dur abi 14y 0! aﬁtgge%tfﬂlié)%e %ﬂ?ln‘y@rl%h |srtﬁ§‘HJr§blfn‘yQﬂ"tlﬁ@B{a$§r‘ Mshepé@ngal at a

hi gh stress 13ca new material. An advantage of the
present repleestrient de!sailt\hmcdmmbebiacyd@‘hlghle sitessed regine oh e plgter vane

| t detail which h t th
CEht o JRHEnOVi TRIEABA AR TR BHer R T ks & 46 nat n
sur ﬁ@ce%p\ggbe *?rof%ﬁ ?nelﬁ pagad cfdn%EhirQﬁbmia@é é?ctthé?mcﬁl@ﬁftﬂmiﬁé addcomy edg@oht the

junction t he eadl g edge of the airfoil h the platform Still
anot her thd\ainfibgith itise plw‘ofnneﬁtbhaaniyeroﬁdv@@ﬁgﬁﬂsﬂb? f'ﬁh'@"'ﬂp%@%%%(ﬁofstf‘ﬁt or

270 11 ordReEsrar et e ol BRSPS (R emB JelaTIA i ma WL

featUresfor’%ﬁé'd@dé«’mﬁ@@ﬁsrr@‘terﬁél%r%ﬁ*ﬁ@ﬂtﬁerémeminmn will 15 becone nore
apparent in light of the follow ng detailed description of Ereferred

enbodi nent s tHe Eegeisg @ndcaibeeieaiivgs andpdvagtagssi 4l thegr ﬂﬁ%ﬁl&?’ﬁ&"”
dr aysngs, aﬁ%ﬁ#%ﬁﬁ?@PﬂtWhﬁ& sucﬁﬁ% llﬂ_gﬁeé'llgd dbskptorsbUSrefdrdat i on vi ew

of an axi ry mc _ gas turbine engine, having a
conpr es EmbodiaEntotheraotasbisstsset srd tlustiateddn she acedmpanyiog SERWINgA.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevation view of an axial flow rotary machine, such as a gas
turbine engine, having a compression section, a combustion section and a turbine
section.

Fig. 2 is a side elevation view of a portion of the rotor assembly and the stator
assembly of the engine shown in Fig. 1 with a portion of the engine broke away for
clarity.

Fig. 3 is a perspective view of three stator vanes from the stator assembly
shown in Fig. 2 disposed about an axis A.

Fig. 4 is a schematic, cross-sectional, side elevation view of the stator vane
shown in Fig. 2 showing the junction of the leading edge of the airfoil to the platform
and a crack which has formed in the leading edge region of the airfoil.

Fig. 5 is a schematic, side elevation, cross-sectional view of a redesigned
stator vane having an opening which extends rearwardly from the upstream edge of
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Fig. 2 is a side elevation view of a portion of the rotor assenbly and the
stator assenbly of the engine shown in Fig. 1 with a portion Qé eu|Ngi ne
broke away for <clarity. Fig. 3 is a perspective view of three Stator vanes
fromthe stator assenbly 25 shown in Fig. 2 disposed about an axis A Fig.
4 is a schematic, cross-sectional, side elevation view of the stator vane

shown in Fig. 2 showing the junction of the | eading edge of the airfoil to

t he pl atfor and .ch ] bengaadrdraghen of
t he ai rhﬁ ?tg}qfiVé”.negoiqét%?ﬁgmgrr@td%,%oé%g e?ﬂe%]/g%?%?l’{t 1%}(’:g(rj(j(g)ss-n slegt ironal vi ew of

a redesF%@tﬁé@tmbrvm havi ng an openi ng whi ch extends rearwardly from
the upstream edge of 8 - 3 SEP 2004 ”ﬁq‘i st at o;l_va_ne F:o i,,rﬁLe,r{ upt the

radi al conti fig.Byisdr PerspappeT Yiewey Bk eal Y'e Ponit He™ 'S%1%at' 6 m of t he
stator vane. Fig ¢ 6. ih¢ | awdfvahBa ettt 1pe stepell shavnaling Fi g.
3in an ?“‘P%‘?'ﬁ%dfio En@*r%yg%\é?%éééﬁﬁgeggf ng;,aof t he stat o?]ﬂvane before the
st eps al kheofepidsdnaemti degail.5 the repl acement detail. Fig. 6A is a perspective

view of an alternate enbodi nent. of the jnternediate o) - or
vane shown i Figri€d\ isenperspgetive }"§Wa°fts"i‘fh€'ﬁ%ff@£e, e@rb8g@%rgtc({f%‘%gqtg\&ﬁgé\%g% t he

st at or ﬁ\\rﬁgoﬁﬂ%@a‘& v%?s@%wnﬁﬁ‘ﬁi%ﬁﬁ repl acenent detail bonded to the

st at or 0 replace the junction T 10 between the |eading edge_a d the
platform Fi §ig.§ issa schpmnstie crosesedtonabiente the stalpr vare SERAYHA iMe-Hg. 6

ith th | t detail installed i - i terial
i & hosedaseoud dpibsataes datg) poBded o it Ml dahgsb B¥ER 1R RN 0 TR ot @
airjgil ggiwdéélﬁr%@aefntg\é@d% ahdthegagsmf a flowabl e bonding naterial

adj e bo

di spose acent to onding joints. 15 Fig. 9 is a perﬁg?ctive vi ew of
the turbine Fime shopersoachieyview afitbe statpt Mare SPeWRiBFIHP VAR 1€ at or vane

br oken a to s the .r a ' d ' Scd Behiiee it at or
vane an(ﬁemgg‘?%mef‘ﬂa‘g\ﬁai"ﬁ%?taﬁ%%?ﬁﬁgﬁfgp I%%té%lrf éBPg@gﬁﬁfFﬁSL%Pﬁ has been
machi neghd girdiissdctiBalof aanfdpaterbénttetBFaA tiba DESERIRT 5P gnd6 and
Fig. 7 are views of the stator vane 34 shé)wg. in ﬂ gt C*b aréd Fjo%ﬁ 4
beads of a flowable bonding matenal disposed adjacent tothe bonding jomts.
15 Fig. 9 is a perspective view of the turbine vane shown in Fig. 6 and 7 with a
portion of the stator vane broken away to show the replacement detail bonded in

place to the stator vane and after the final contour of the replacement detail has

been machined to its final configuration.

DETAILED DESCRIPTION
20 Fig. 6 and Fig. 7 are views of the stator vane 34 shown in Fig. 3 and Fig. 4

during processing. Fig. 6 is a perspective view of the stator vane and shows the
stator vane after the crack has been removed from the airfoil and a replacement
detail 88 is about to be installed. The pressure side 58 and the suction side 62 are
walls extending between the leading edge 64 and the trailing edge 85. The sides

25 diverge rearwardly in the circumferential direction to form the leading edge region 68,
pass through a midchord region 72, and converge to form a trailing edge region 74.
The airfoil has a maximum circumferential width W as measured in the leading edge
region.

The outer platform 38 has a first side 76 which faces in a generally

30 circumferential direction. The first side of the platform is on the concave or pressure
side 58 of the airfoil. The first side is commonly referred to as the pressure side of
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during processing. Fig. 6 is a perspective view of the stator vane and
shows the stator vane after the crack has been renoved fromth @

and a replacenent detail 88 is about to be installed. The presgd$g de 58
and the suction side 62 are walls extending between the |eading edge 64
and the trailing edge 65. The sides 25 diverge rearwardly in the
circunferential direction to faormthe | eadi ng edge regi on 68, pass through

a m dchdh@Pladtoron A2 shawh ie big & dee platicsnhas 3 ﬁavquhgldéd@?ewmfél isrepged The
foil t

cage r SAEamelREaly ol fEIAELA0 Tt <Bbohd'sieRe of3Re SiRoh SideBa F e 2

geneLaI lthirBetatdr warnd 86ent i al  di regt ion. The fi ][st Si de of th;a platformis
t he concave airfoil. i.rs

ggm‘mnl y ref e'f'rhegéla rerera %‘%eh'fbfrﬁ gagc&g%wg;%begfen@s begv ge§ I@ ggahﬁ‘@r m

AS SHOWRdih,EL gzi'ncéé m%{'ﬁerﬁ’ér@i y %&bm%ﬁoﬁleqﬂ%dﬂ r$t %%eﬁﬁ:dﬁi’fscthe'fﬁ)

circunferenti al fronTt he rst side he second side Is on th suctlon
si de 62 fof wbtking rﬁamtainsgmermMms&ﬁledemdpﬂcm rhdhmelm@mm The platfareh@?

whi ch ext ends bet i de 78, The st f ac aces in_a
Coner ol PysaamotpCR b sxtdids Yetnebrind Manstand bebned' Girieirens afd,

wor ki ng dﬁg\ﬁis%@aﬁiiéﬁés up me vh@sge%bhada@@fuae%n% dehdrify RfaINArectiBl dWaAf form
has a second face 84 which extends between the sides and between the

upst r earficamthe ﬂmmereladﬁmwﬂﬂm mediumflovsdiond face faces in a generally

104 shown A MR Fid, BT Bpatieaih 1858 B Hetal Bl 39 RBMl Rgmenas

from thge seeond fdcecss dftref platfermi3atiher g@ri’e?allﬁraﬁlﬂﬁﬂﬁé’oﬂbhy Asglisalissed
direction. As discussed earlier, the upstreaml|eg has an axial |ength or

dept h DeaTiigs, thesupsteamdeg has aniayimldength orkleptf Pal The HesieaR 'aﬂﬂtha%&ner%ast

t of I
has. o nih 3 eRENURRREPEA BN R e lbatht Sdoe VaRIEh o8\ (HBSKIBETT | o0
upst r eavahegThaapsteant leg Hasod nidpation (B6aaddehding hadiatipeway feorgdbe t he
* herS ou At e T8 UhsHPER 1E8 TRERRE e 106t 26 e adEPR e G PUBITA0S or |
suppor t iy Hgspaﬁonptz}%scbmngaggtﬁmpéi% @é}ﬂs‘ﬂr?e 0hné ke cebpértte V\ﬁ*t'hetheThe

downst ream axially rearward fromthe upstreamleg for
support m@m&‘sqﬁ%mhmhumgamﬂéthe adjacent stator structure, for supporting and

positioning the upstream end 42 of the stator vane. The downstream leg 48 is
spaced axiaily rearward from the upstream leg for supporting and positioning the
20 downstream end 44 of the stator vane.

Fig. 6 is side elevation, a sectional view of the stator vane 34 and shows the
stator vane after the replacement detail has been installed and bonded to the stator
vane. As shown in Fig. 6 and Fig. 7, the upstream leg 46 is represented in part by
the upstream leg 46 as shown in Fig. 6, and in part by the leg section 46s as shown

25 in Fig. 7. The leg section 46s is part of the replacement detail 88. The replacement
detail is shown in Fig. 6 in exploded fashion. The leg section 46s is axially and
circumferentially aligned with the leading edge region 68 of the pressure side airfoil.
In the installed condition shown in Fig. 6, the replacement detail is bonded to the
adjacent portion of the upstream leg and is an integral part of the upstream leg.

30 The method includes removing the junction T of the airfoil leading edge 64
with the platform 38. If the material contains a crack as shown in Fig. 4, the portion

of material removed entirely encompasses the crack and the junction T. As will be
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20 downstream end 44 of the stator vane. Fig. 6 is side elevation,
sectional view of the stator vane 34 and shows the stator vane~ éf&EBrZUﬂ%e
repl acenent detail has been installed and bonded to the stator vane. As
shown in Fig. 6 and Fig. 7, the upstreamleg 46 is represented in part by
the upstreamleg 46 as shown in Fig. 6, and in part by the | eg section 46s
as shown 25 in Fig. 7. The | eg section 46s is part of the replacenent

det ai | gealizeddnialigragienrmbodiganis of the wediee, ,tIp,e Engre l?io"t'ﬁnébfﬁl‘%ééﬁtr?%@hl on.
The leg Ieﬁ%'n%d‘lr%‘t Bgrt%ﬁbf%]de% AAbvetheqHaLie e b LA! 6Hly?:|arl?ﬂ§ ws‘%‘g‘fﬁ; q

| eadi ng ge re ressure side‘airtorl
conditi @8 es’fd)partm tiké @irfddl, 58 hmyrtmntanmmhtThlebmdk may hendathvied Hhhany

adj acent tion of the streamleg and is an integral part. of the
upst reaﬁﬁF%’r@C% teFhNifRe FodemRUng @(10%'%3? HE”;‘%HCF? YENHOFR! t he airfoil

| eads mﬁé or‘%ﬁé‘ e‘é&?ro%t@éﬁ%@rﬁ%hlﬁ%gt Bigh e By %dcﬁﬂncﬁﬁ%@bﬁﬁn\%&émk as

shomn |n he portion of “material “renoved entirely enconpasses the
crack alpdrtidreof tmacalrforh imtheAleaving edge Egien 88 $Efravadbondalg swladen Talet er nat e

nmbodi t f t t hod, th ' f th I 46 d
ot be PRBIGS P Ruraser Baie fbiiiare R rpideettBie BB S m 36
and par 5gobptdfqha aital. |TI5@bHﬁM|nB%Jr%EE\6ﬁﬂtheTé]ﬂoﬂ3fét‘é% iﬁ%}’gé}ﬂerém%@ﬂ by any
satisfactory technique for renoving material, such as grinding,

convent idireation. mheHiariding eurfaﬁ:e en éhe gtrfadl- ldte;@ﬂerets@@e ptlermiat@ lovatiomret hod

d t fQil he | ead
to 10 BB arRee &y PEfE 18500 4R Rbe Aol ) 8RRl SRt RREY oy
sur f ace c@dewbbfdn. ext ends on both sides 58, 62 of the airfoil. The bonding
surface on the airfoil faces in a generally axial direction. The bonding

surface on t Hdeamethnrd furmeéri%%l@@%s t&f@o‘ﬁnatafmrﬁpatof the B@Hprrﬁr?%dm%htpy
rear war gy ﬁd.ﬁggdgsﬂ%@q ohBifig QLGB wiiikh FRKide pBHERGAS Rice! N
eadi ng er PUF Hdes

I nc renoving a portion of the
pl at f or @6&&1 il ptae‘otmtm:ch rf@césemdei genadiy aiil difactsorf andre deondf handing f aces

gent al FYMEXES OS] LE0 Tn PGS 3 PR a1e bt R MR Ee AT EETER ¢ he
pl at f or meAR @xb;gﬂﬁnﬁe%tmﬂ,réego,yml ch face each other in a generally
ci rcunf érenti direction. The next step in the nethod for processing the
stator vane iThe nextreteplin thehmethod for processing the stator vane is to install the
replacement detail 88. The replacement detail has an airfoil section 56s and a
platform section 38s. Bonding surfaces on the sections are spaced from the junction
20 T between the leading edge 64s of the airfoil section and the platform section. In one
application, all of the bonding surfaces are flat within two thousandths of an inch.
The surfaces face the bonding surfaces formed on the stator vane in the installed
condition which are similarly flat. Thus, the replacement detail has flat bonding
surfaces which face in a generally circumferential direction on the platform, as
25 represented by the surface 112 and the surface 114. In alternate embodiments, the
replacement detail may have curved or multiplanar bonding surfaces.

The leg section 46s extends away from the second face 84s of the platform
section. As mentioned, the leg section is circumferentially aligned with the leading
edge region 68 of the associated airfoil. The leg section has flat bonding surfaces

30 116,118 and oppositely facing bonding surfaces 122,124, each of which faces in a

generally circumferential direction. The leg section has an axial depth Dd. The axial




repl acenent detail 88. The replacenent detail has an airfoil section 56s
and a platformsection 38s. Bonding surfaces on the sections are_as@?:?ﬁ
fromthe junction 20 T between the | eading edge 64s of the airfoil C %)n
and the platformsection. In one application, all of the bonding surfaces
are flat within two thousandths of an inch. The surfaces face the bonding
surfaces forned on the stator vane in the installed condition which are

simlarly flat. Thu t he. repl N tf Dadf therd|avent partibaces

whi ch f 88Bih 'Hd£fé€%i¢%?? oG 'E@ﬁ%gfgﬁetnﬁgfaaééélar@%?i on on thej platform as 25

represe%?.g_,]g%j the surface 112 and the surface 114. In alternate

enbodi ment's, the replacenent detail may que curve qufﬂégjlrt{hglmr bondi ng
surfaces. THEnd ezplseemeohdaisd 88:@iehHas BRAGErHMCHR "&Ed8nd"  ace 84s of the

platform sectign. As nmenti - S i plafofhfleedtibredéatandld y

al i gned d\'KFPtPPrl‘hgﬂPéﬁd‘i‘%gde g%&@ﬂ}n@é%ﬂ%g% t he gs?_sgci ated airfoil. The |eg
sect g Onglaii@infd Alrhanth 8 gn3bs batrissdlion B6s1esctantwbispdareeing p8E7YY bondi ng

surface 2,124, each of which faces in eneral | | I |

di r ect | @nial hectieny fsoneotienas ﬂéﬁlb%ﬁ'ﬁg 5&%6?%3 B@ﬁ%lhgngéxpgmq S-%Hébé‘ééEP 2004

depth Dd of the leg s ' i S t henaxbalainieptie Boodinghe

adj acentonptg?tr?BI"f’C&%?erﬁﬁ}ee@Q%ﬂe Ofr%arﬁ%?agf]%imﬁt&dgt ai | aéS g_l Y0) h%s Hondi ng

iggf ace%HHga'é 1f;24p@n kHe ah@ilageizgd)n i&berpengmglarmémeisrﬁ@mﬁl@ga Be Qinhg;gs_ur ]1: a_cle
on the platform section 46s_and. a .. ondi 0 ai rfoi

sect i on shfeces dloat f@ﬁe\mi%c’f%ﬁf@‘?rﬂ‘aidﬁﬁﬁté%%ﬂ 9% aé%ﬁ)ﬁﬁﬁa é(q:tg ??b‘rfll[.ﬁ'As

ment j.oned,, t L 0G: { {44t . The bondi ng surfaces on the

replt‘hce o.ﬂ&%%@d%é},gm@ﬁ?ﬁﬁgg, Z%%h that a plane containi % tdhe Elgmj"bng

surface 128 Thetdumding Swifdces 828 boithe sirfsdrsesHan 568 £xengsyeaRE NI ing

t he bondin surfaces that face i,n the ci lalinflBE Ctiherhainde

pl at f or e@@Ng EOiEE é‘gﬁf’%%sa%ﬁéﬁ%"%wt‘“ﬁ"ga ﬁ@é&ﬁ%@f@tﬁﬂfgﬁéiﬁg,%%s 122, |1924.

The bondi pg sul 6k L38ireddiiornr droatuteenigioa. 56 theeambadinedHMRAHIRE f r om
the |eadi ng edge 64s of the airfoil section tovyard theua@@tgrﬁﬁméection
38s. Theadubadnple issabvduideirty(80) ¢ROPERdITHE B 'SrIBI9R AP HELTe Angle a. In

t he enbadi nent own. . t ' Fhéddtion(R09y flegribes. The
angl'® i DF%H%Ogﬁ&@HO{'%%EH%%ﬁ%@%%titgté?’gérfoéf the airfoil bonding
surf ace jLR&icH Ttdtahelleddiog edgectiiroiheplajortt 8ectidie  junction T of the

| eading ‘edge '\IMhtte rcljuttehrecapslea?t):ic 8g$§e%ctﬁnieorgplacement detail 88 and engages the

upstream leg of the stator vane to support the replacement detail and the stator
vane. The replacement detail has an opening 132 extending rearwardly from the

20 upstream end 42 of the stator vane. The opening has a circumferential width Wo
which is greater than the circumferential width W of the stator vane in the leading
edge region 68. After the replacement detail is installed to the stator vane, the
opening interrupts the radial continuity of the stator vane between the leading edge
of the airfoil 56 and the outer case 32. This shifts rearwardly the load path through

25  the upstream leg, which load path was immediately adjacent to the leading edge at
the platform in the prior construction shown in Fig. 4. At the platform with the
replacement detail 88 installed, the load path shifts from the leading edge to a
location on the platform which is axially rearward of the junction between the
platform and the leading edge of the airfoil. The stress concentration factor applied

30 1o the load is much lower at this rearward location than at the leading edge of the

atrfoil.
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The outer case 32 engages the replacenent detail 88 and engages the
upstream |l eg of the stator vane to support the replacenent detail &t Me
stator vane. The replacenent detail has an opening 132 extending
rearwardly fromthe 20 upstreamend 42 of the stator vane. The opening has
a circunferential wwdth W which is greater than the circunferential w dth
Wof the stator vane in the |eadin edge region 68. After the repl acenent
detail is indtalbAshowsiarcakeraats inlermediatgdornpbalthg staloevanpsd assemesd aI

and t he obfiderbiad SRer B SeBRT SRR, aTF oRd-FEdhotad R Blhn 25 Che
upst r eamed @t frv wbch@aty Pt fatfasn siortiattee plafhracess ohe akke fagiagli ng edge
at the platformin the prior construction shown in Fig. 4. At the Eﬁtatform

wi t h t heurfeepeadeonas eirglantarentsdlyi fasing| sus@ce; Ha “I“éé‘aﬁeﬂﬁﬁﬁ'aé%fqrﬂb the §tatPhe

the 7 ontnanchevs & Rkl Ao oB i bR gl ool (ERIIECT e

stress coplaesirient detaif stadvar iraPipl 6ed 30 to the load is much Iovver at this
rearward | ocation than at the |eading ed?e of the  airfoj 3 SEP 2004

o oA showd G I8 o PRRRRSVR VETh Bk e SFS ek Showh &7 Bido S Wi dhess
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|nterrred| te form resu rom nmachining the p at orm such™t hat the
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f t hi di.at th
? el Goomerpcts o |88 (R eof 20 APLORAF O eraion SR SPRasH pRanat the
repl acengfdi Ssﬁéﬁhb SHRMBs Ie&téﬂoghorﬁizorﬁ@ A 1dyerdf BA6FA g%at\éﬁa\/ﬂw:rﬁfhet he
stator vane 34 shown in Fig. with the replacenent detail 88 installed to

t he st afomm vhadol momummeﬁauﬁdﬁefs)d“ ng“forrmtetlalt)dﬁ dispaseddnd faypl%cenent

detail arge,.oriente d

04, 125 JPBHRRSEREEER RS Mtrand e Affoh BERATTTBE 15} ol of & SUfbie 22
the ai Hhsteriabfrdifigsion bbaarg. éWp@dellyhmel materidl loYtheﬂfdllaymelpf*eedrhbigsnlge
material 136 in the formof a 'S 1cl)rrrmnl cal |l ed "foil" "f oi l

mat 9 alpayentallayspfdbe statpr %ia‘f'%yl-rﬁﬁ f° rl*ﬁ'p‘)’“@é’( Wﬂée%l??tiscﬁq‘;hand
the ai rf%| orﬁﬁ%'s‘ﬂﬂl}ygagg thé?’nélﬁﬁ@gglrﬁfofg%éfﬂlltlﬁ e@ral BBlo¥ ih@l mbfiing

di f f usi &h rial oil closely resenbl es
the 15 pairgrdf thé Iparyemtfmatwlad;t It iwis panticulaT legnbiaglimeat, tbg paserdrmatenahid i ncl ude
' ngredi ?VI}\I?(—IVI%J]? alloy material available from the Martin Marietta Corporation. An
adhesive medium may be disposed between the foil and the airfoil or the foil and the
20 airfoil section. A satisfactory adhesive is vaporized by the bonding process and does
not leave a residue that would interfere with the integrity of the resulting bond.

The circumferentially facing surfaces 98,102 and 104,108 of the replacement
detail extend parallel to the circumferentially facing surfaces of the stator vane. The
replacement detail is not installed with a press fit against the circumferentially facing

25 surfaces. Accordingly, a slight clearance gap exists between the circumferentially
facing surfaces on either side of the replacement detail. The width of this slight
clearance gap between parallef faces is established experimentally. The
experiments are designed to establish an upper limit on the width of the gap to avoid
unacceptably effecting the strength of the diffusion bonded joint between the

30 surfaces under operative conditions of the engine. The slight gap permits the
replacement detail to slidably engage the bonding surface on the airfoil. Slidably

moving the replacement detail on the airfoil face in turn permits a worker to precisely
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as boron to slightly depress the nelting point of the foil materi al Fbrglrﬁ%w
the nelting point of the parent material. In this particular enbodi P 2004
the parent material is MR- M247 alloy material available fromthe Martin
Marietta Corporation. An adhesive nedium may be di sposed between the foil
and the airfoil or the foil and the 20 airfoil section. A satisfactory
adhesi ve |s vaporl zed b%%th Jbondi n?,Y{)rocess and does, not | eave a residue

that woudlgnithe&oniaw afit 'sqqlea itythercaniennofdie airfRfl ®fdhe. statee vane.
C1 Feunt SARItd Rlrtifg R HAMIHY {@fRR Hind A@NgLcldf. dPfheBordify SERaEE BIR]

detail ext en par erent y facing sur ces
stat or \aarieil, almeansdpt msenmnng thet m[dlacesnmttdetmaghllneﬂswaﬂhe angreesentf i t

t th m‘ | faci .25, Al |
o oar an @A BOB G S0 BTG uRe BT R RiTal Sicha R . Fatara for e o
ei ther sje ofnd W?re lgﬁéé@ﬁ%% tQQﬁ@bbstrgﬁkﬁ I%%?ﬂ\@étai&'\far@ At9BLatigisS@s ance

gap between parall faces I's established experinmentally. The experinents
are desmghineﬂ stde @‘sthabbpmemmlpptaﬂ butrdoesat fikdhevreplacerhenhdeigéigo the avoi d

unaccep ef fegt the stren ILffusion bonde oi nt between
hacSoP et kBhe s Aaspringl . fieUERHskaRin: cifeifian MEVE A AR eb L oht ap
permts ﬁé?Fendlemaa%ﬁ%\éur@ﬂtb@nuuﬁ@sm#adé@.bdm i€Pbared bPQhéQ\ﬂﬁB againyf face on
the airfoi Sl i dabl rmw%ﬂ t he repl acement detail on the airfoil face

in turn rp@vemeat ® a\dma@mon pailecodbe wig! bomlwpua‘ew aln giterpate cont our of

ar A GrdbodRE R B s el A E8 i Mighelse, A, P ackie dfb PERE WBRE:
surface v@érkbhwiu abt @ able t@ ¢mdpadiust trﬁe?atrfoﬁilsl&lcﬂqn bhehe epffeicieonsign et ai |

agai nst slidable novenent away fromthe bonding surface of the airfoil,
such as 2ol surf a‘i’%sattached to the stator 5 vane. The wire is tack wel ded

to the upstreamleq: Rladiieathahelediabimht 4GRS AR% O sifdditonbdirOfn t he

repI acenent t al but oes not e replacenen to t st at or
vane. Acuwr éinbgbimenthe forgel ta‘c&bmntmndeioamnh pressenagainst taedepah:tdem'l

di cul h
P arger Calisiia i Pl rie s bR i el R o sTAGERRY o Berplces
In alt errﬁéfefPlaloTﬁUQOSH ﬂﬁ”‘l’é?ep&ffbh% n&étbedjurmgnhé%nmrtg Picglks bpeused. A

good bond wi | formbut a worker will not be able to easily adjust the
airfoil rg@acemerﬁrﬁieﬁmblsairgedwwa@ taeikpndingesudacesoyn thaaiffel ®f thexstederce F i s
applied \}a?\et he repl acenent detail to urge the surfaces together. In

A layer of bonding filler material capable of bonding the circumferentially
20 facing surfaces together is provided during the bonding process. The layer of
material is molten during the bonding process which permits the replacement detail
to move toward the airfoil bonding surface as it is urged by the force F against the
airfoil bonding surface. The bonding material fills the gap between the
circumferentially facing surfaces and bonds the surfaces together. One example of a
25 satisfactory bonding filler material is Turbofix material which is the subject of U.S.
Patent 4,008,844 issued to Duvall et al. entitled "Method Of Preparing Surface
Defects Using Metallic Filler Material".
Fig. 8 shows a bead 138 of this bonding filler material, such as Turbofix
material. The bead of Turbofix material is deposited around the airfoil 56, 56s and
30 platform to 38, 38s. The Turbofix material is in the form of a paste. The Turbofix
material is placed adjacent to the bond joints of the replacement detail with the stator

vane and is flowable into the joints through capillary action when melted. This
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one enbodi nent, a force of about one pound presses agai nst the repair

detail, 15 causing the replacenent detail to exert a force on the boe3dEPPIN
surface and on the foil nmaterial. Thus, as the layer of foil is heated
during the bonding process, the replacenent detail is urged toward the

bondi ng surfaces on the airfoil of the stator vane. A |layer of bonding
filler material capable of bonding the circurnferentially 20 facing

surfaces together is provided durj: ' AGEeSSis akidlylamder of
mat er i amatenalgnyg Y f%“d“?r?@%&%'ﬁﬁ&%?%’?ggﬁbﬂ (ijg% per mts tge r epl acement

det ai | oo nschQuRy shidrua valis il irfoRdiongp edgé acerais.ide unacaspiid KO he

force Fagain arrfoil bondi ng surface. .The bqndidn ,rpall;éa L?JE%“.U I'ls
the gaptireflpwpatht & Tbe beartiSteait i WPPiX MedenR) 'SASPLRY Eﬁd’ t5(')n§§' hé
surfaces together. | exanp f i i AoRdikepfdvidera mat eri al
i s Turbéfll'fﬁc?ré’i(g'ﬁ‘ %'Ig]oﬁﬁdé?eini%ﬁlg Igﬁ%fggtaﬁ'o?f\%?%%mgatent 4{3008 844 i ssued

to Dyval lriEf‘cf HonaSdtlthis! 6chtioMeiriothef urBofparatene! Suts seeondasiett &l @RY ng
Metarli & FdTer Material ", Fig. 8 shows a

s bead. 138 of i iwng filler
mat er i aldepsessiorathaTumigbt have feamediaithe Qf@&'ﬁ'%a?ﬁ?‘@%‘%ﬁ@ %ﬂ;{ﬂgﬂrhi al is
deposited around .t rlle irfoil 56, 56s and 30 platformto 38, 38s. The
Tur bof i BUABERA {1'S{1¥FUG he form of a paste. The Turbofix material is

pl aced adj aceme diatdriane®d rémhoérment déthi 88apicicdidharesealad Wia KRIHEn

stator vane and is flowable into the joints thr N hen when
nel t ed. foiaseld ateggEpiupeend far 2 Mg sﬁg@ﬁﬁ@ﬁ%ﬁ#ﬁ*ﬁ@%@’"&?@ﬁ?‘“ g Mot he

repl acenent. detaj i | 8Rmetdaclartaneng trad tyticall bgndatthe h t he
ai rf1§il QP aclééc?gééﬁ‘g%s'pr%o'ﬁ% Lgk%cgacc_egt abl y int_omthe {lonpath, 18, . The
bead 13%;@éil 68 bofoixsentivars altrarsiext diquidrphasgernging Methetdi ﬁ% meliaige of

the airfoil adjacent tg the |a L] ' n i whdes a
5 pri marthe %ﬁkﬁ%?f H@&%ﬁ'@&ﬁ"fb%ﬁﬁﬁi@gﬁ? g%??éwﬁéﬁ %a?ﬁggfmslgggndari ly
to fill J dgfr‘;gg{?{'{%?ﬂangigﬁ* Ligughthieyre formed at the joint providing a

conpl ete urface at this location. The stator_vane )
repl acenent dat thd aid®ilantested thesburkplx matedd i drawy gLﬁ.ﬂﬂq%{ﬂ?&Ces' 13

hace to a
i r7a | e aenoh TR e S e o e o tcal
bond at |bhe Aithé ebmetirdle aiheffoil matedalinoelts and it canstituants FIEUFY tHFRHIE ﬁt?&ndi ng
et hod. ;;rfioisl sggttic?r?gnidséirfoil of the stator vane. One satisfactory temperature is in
excess of twenty-two hundred (2200) degrees Fahrenheit at a vacuum of
approximately five ten-thousandths (0.0005) Torr with a leak rate that is lower than
20 fifteen (15) microns of mercury per hour maximum. The vacuum is reduced by
aliowing an inert gas to enter the chamber after a predetermined period of time,
depending on the bonding material. The vacuum may reduce to a level of one
thousand five hundred to two thousand five hundred (1500-2500) microns of mercury
partial pressure using an inert gas, such as argon. The stator vane is maintained at
25 arequired temperature for the period of time sufficient to complete bonding followed
by controlled cooling to a temperature of about sixteen hundred (1600) degrees
Fahrenheit. Blending or polishing of the area may be used to remove excess
material. The front leg and foot are machined to the final contour to match the
requisite part drawings.
30 Fig. O is a perspective view of the turbine vane shown in Fig. 6 and 7 with a

portion of the stator vane broken away to show the replacement detail bonded in
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the subject of U S. Patent No. 3,678,570 issued to Paulonis et al. entitled
"Diffusion Bonding Utilizing Transient Liquid Phase". As the ai_rilgb{ I S
heated, the Turbofix material is drawn by capillary forces into 3¢ gap
between the circunferentially facing surfaces between the platformand the
leg. At the sane tine, the foil material nelts and its constituents diffuse
through the airfoil section and airfoil of the stator vane. One

ISZZH Zaﬁé}a{%r%tpttﬁg@?étﬁr Uélg? b8diaReRRRessal dbntowe nt yre vaplenderidiqtabey degr ees

a vacuum approxi mately five ten-thousandths (0.0005) Torr
with a lpeak matnédas its Snblovenfiguratien. 20 fifteen (15) microns of nercury per

hour maxi mum The vacuumis reduced I i )0, taed tn Baseriginenter the
chanber afterUijeérOé’@é@té’renqmmﬁ@r ﬁbedg)é{‘&t\%a?ﬁg,mﬁgﬂselndi ng on thge) bondi ng

mat eri al I%J%gé’&&a'%ﬂr?é(eﬁoﬁgkiﬁﬁnd Brécd exebsseid avwe. timaisamingi Aetheundr ed t o

t wo thofi'?g ive hundred (1500-2500) microns of, nercur | £ssure
usi ng amiffdIEs6 agapasserthrasgatpopiationa 58ttade ”93“%351133'}%?%\{3&&?% A?é 25 a

required tenperature for, the peri ' td BIind eutepnpte2. bondi ng
fol | oned®. By avhihesceda tk@o%‘l’?‘ﬁ‘lj{ %tgg%{[ﬁ{eé%grﬁgfé&%@ﬁ ggboutusi xt een hundr ed

(1600) 3%%53%38 ScE\%EéSrr‘é‘ﬁr‘m{ardl ltBRighghertrapsitiositiatgeen thheirtrledhif be used

to renove exces materital. The front |le nd foot, ar ' ;

final conatesrn bbanetationtwsich ieRaAryRidY ﬁé&tea%?%l%ﬁr?d’sg.e- 38“%%3 !"’E’S‘qf“tsp%gg

perspective yiew of the turhi o o9 at theandcomiTtdausedpgr t i on

of the Jeagsioiuihe GL‘JFfBE&htHaﬁgg?rFéegﬁga%ﬂldpgaﬁgggrre_ntJm]dgt%iI bonded in 15

- 31§EPtaQQéla@hg%gEQNﬁibﬁisSﬂ@t@.rtelmnﬁeamheafo etatidoit PEAM- cont our of the
i1 “has

replacenent detail been machiped to.its fi f thh dnder
oper ati ve condiadditien, tbﬁ@@?ﬁ@@P”VWéuﬁﬁt’Q%?i%héaglﬁl'egg@lhnglﬁgtsﬁeﬁﬂéi ne 110

o UD SEsE & | ifgf Sleusslg raplaved bydhes acting on
o Subl e e L6 B aei sk e ooy g

h the platform 88 tﬁths(i[]e. u&st .88 and
downst reé\ﬁadrﬁgéssiﬂ@uom&aoﬁthehmmeastcﬁlloﬁé)fsﬁ%[ﬁﬂ‘@ceﬁ‘?” Pl REP ri“;gresent ed

by the outer case 32. Loads are .passe QHEEL hBE ot Besmt i on
bet ween thiferagien wiith rﬁ%’fﬂ”’ﬁ%”a];ﬂrﬁ‘(‘ﬁsg%upgfjégge\ggsgfg{ldor\{haﬁi ch'is rearwardly of

t he Jead| i S aV@LASingTRAaskiragion! dadsrdingly theepraceseid Vaie A3t he
st re15‘5§ C%Lr'l gﬁttgrgg?iam ?g@%{orggltnlg_t he I' ungt ion T Caus?dth%ysa]rﬂe tagea Leadl ng edge
whi ch i satidwe cyuledrtipse steagtarivhigh 1§ Hie $81F 671 CHREFRY

new vane in this region.
The bonding joint 94, 108 between the airfoil section 56s of the replacement

detail 88 and the airfoil 56 of the stator vane has a smaller material strength than the
20 material strength of the cast alloy. Locating the bonding joint by a predetermined

distance from the critical junction T between the leading-edge and platform with its

associated high stress concentration factor ensures the bonding joint will not become
a new failure location. In addition, the bonding joint formed with the foil is stronger
than the bond resulting from the use of the Turbofix material and provides an

25  acceptable measure of strength 1o a modified stator vane having a replacement
detail. The Turbofix material, in turn, provides a measure of strength at the less
critical location in the leg section and platform section and permits use of bonding foil
(and its stronger joint) by enabling a force to urge the replacement detail against the
fail 136 and airfoil bonding surface 94 during the bonding process.

30 The replacement detail 88 has a leg section 46s which engages the support
structure, such as with the foot 52s. An-advantage of such an embodiment is that
the replacement detail and the vane 34 are each attached to the engine case 32 with
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In addition, the region about the junction T where the high stress riser is
present and where creep cracking often occurs is totally replaced b% t he
enconpassi ng vol une of the new cast alloy of the replacement detaid SEP 2004
Replacing this region with new material provides a processed stator vane
whi ch has not been 15 subjected to any fatigue cycling in this region.
Accordingly, the processed vane has a |low cycle fatigue strength which is
the Samg &% nafia"5a]/ds ﬁd??elgagmei@@nah@eaftdl-bm@img/mﬂﬁ tproledli QHEIJIBR. The
bondi ngC]':l%-fH? z?, 1 betweén the airfoil s&&Li Oé]_&S(?@Wotfhet%qﬁoﬁ g@&ﬁgﬁ(@pnt
detai | @Rietng thhdloipatitni A Ismdiig taiereselinerINANE HES S shal T er rrat;rg; ath
strength than the 20 materjal s " - & sabbfyte blibta boige Bhe
bondi ngth\Q)r&ﬁ'aW%mp&ég@ta&drﬁﬁe Héf@?téﬁ%gfaflé%%ﬁg crlbti cal j unc{‘ti on T

bet ween hsegt?géi% e eflgen@nskaiaptdadatastinnént afdhe g sesiandd the s $3:Ss

h facto

concent tﬂ?ﬁ ensures the bonding . joint will,n
failgre V\hn)lﬁaé\je(mmthei mpdmuﬁ%nerﬁrﬂet@ihféoﬁbémgﬂéﬂ }f&ﬁ W"?%tﬁ‘rrgh ‘%gt‘g“%%g? @ﬁw is

stronger than the bond resulti ket Hi5d The otéxcerertedt byl and
pr ovi deéalMe%aﬁ@@@&i%P@?ﬁgbé&E%Of)g%’?ﬁﬁé)y%@t.o a nodi fi ed staﬁ r_vane
havi ng %%rﬁiﬁﬁqﬁ iunﬁ?‘égﬁés'traﬂh% FEptdverent cetait and Will ahPEVER! 81 des a
measur e strength at tThe less critical lLocation in the |eg section and
pl atfor m&@ctrbmmraadngmerﬁfvpﬁﬂﬂﬁ@Qﬁ'”’ﬁdlﬁ’d‘f foil (and its stronger joint)

by enabling a force to urge.t GSHE sleh@iethgaiangtoftihe use®f e 136
and airfoil bad?fﬁg‘ﬁbaé‘{ﬁ#% e'sgﬁ%d{f%rg thegc‘[)gmdi ng pr ocesih? ﬁ%o!é'gegmen
repligce it lie®S taaspackegcriteal pornion BERCeYRI¥ge por

str J@t u%?kggﬁ{heq‘gs eWi th tﬁe f oot 52%.. Qnr gﬁéﬁé&%}% Qintéupﬂhﬂ:fh ienhedi nent is
that t hietaibpbualddiaviera BeVapORIR] TAEYURE" 327 are each attached to the

engi ne qaﬁsdﬁé‘?ﬁdﬂinﬁgtﬁeﬁsmtcﬁ \SFR 1R0Pk seséf thateplaaémantidetaiingior €XPPRIBI el y on

the airf jornt to block either from teri t f . A
bondi ng thairkgreeatert et mapive magaof He GuNe ﬁ@sfa%'%yo?ﬁ pf%eségfoé r\l) a?\g]%té{me
repl acenent detail) and the_airfaoil : AN prevestepathat vwngut
t he bondev@n steRIIFSSt @'é\‘?ﬁ'le‘gﬁ'sgﬁr nphiﬁweéﬁg?lefs%%}t&;\{tachrgent of the leg
secton ﬁ(?mtrg? é??"“‘ﬁé{ CR8 Seidinglddgerievatiun T bed meqy evemareiddbe faedriP S
entering the [ovvpa ?I In case of the unlikely 'fa;ﬁglt‘l’xréeregfac%Herhmmg
joints, ahepshigoat thangstream enf ek theatalor XA RNAgy LEs xertecéy]by t he
wor ki ng medi.um gase RBRAGe Rl atréssfieldwn the tefedieg Pr event
the det %?Hﬂdf”?%ﬂPB@%&%\ﬁgecé Hgoﬁgs}k?ﬁg_ rre%? um f | owpat b, area on the
modified stator vane to prevent recracking at the previously troublesome

stator vane. The replacement detail 88 is an example of a detail ha
stream end of the stator vane.

ving a changed

20 contour by the been having an opening 132 at the up

Although the invention has been shown and described with respect 1o detailed

embodiments thereof, it should be understood by those in the art that various

es in form and detail thereof may be made without departing from the spirit

chang
and scope of the claimed invention.




Anot her advantage is the design flexibility of the nmethod and of the use of
a 10 replacenent detail to replace a critical portion of the stator vane.
The replacement detail could have a new, stronger material or a redeS8tRagse
contour which is then introduced into the stator vane by the use of the

repl acenent detail. For exanple, the replacenent detail may be nade of the
sane cast alloy as the stator vane or an even stronger cast alloy. This
strength will aid the stator vane in preventing the vane 15 from recracki ng

at the | eading-edge location T and nmay even avoid the need to form an
openi ngygtcltie upstream end of the stator vane. Finally, the replacenent

detail could incorporate revise ry g genikbenstdigssvahel d in
the rephiredAdprethrgdps P%}?%%'Q{J@r&\?gﬁwg %rae@é% E%ﬁec;lallcki'ng at the

previ oug) ; tBBect3baincxiyAnthe Satornepledtatihe detail 88
is an e?’géﬁ{j@aﬁ#cgﬁggfea@?ﬁﬁwnrg _ge%hangedmzo coniaq“,lr b rp]t%h g,}eﬁ& having an
openj ngpikBarra} atdiet leest peairtribvbichéerdsigp here O”N% Wgh he Tnvention

has been shown and descri bed wit idi tH |stforiner eof
it shoule@dig efRR CONTIE ’?H}S’é’g‘rﬁ ﬁgﬁﬁﬁﬁgorrﬁ&ttﬂgg%déﬁggggmgham in for%

and det gj Ire,InBWn?Q{ pBRBNRS tﬁ@@e.%dMEgPhogé retgipacf thegairfod e feren apieast ON@ind scope
of the clainmed nvention. 17 3 SEP 2004 We cl ai m.. 1.t.Ah£rF& hod ol a

pr ocessbondiagstaiace oreihe afoihfacsiting aaesiaie 2Xah e LS Sk egt endi ng
circunferenti al it hor 8 eggdito Fdren &t leker ovabendiagi ng a 5

pl at f or H?”%?Hooa}a{bglpl\éafi rmo%gggﬁlg'ﬁtf%?ﬂ@%%ﬁ%'ﬁagétt%nds from t%e pl at I.or m and

whi £ hgﬁﬁgce LRakE REtRIGEackgnrE sémeyally einwnisgentivd dirgrben dRsI8rIBIfe | eadi ng
edge with the platform by renpyin ortio . ' regi on of
the ai rfeplacerpenbdeiaihavisigsan ghiol S%Gﬁaﬁgﬁadﬁﬁﬁgére”t‘g%‘:{'ﬁgg?m?r%fo@igg%f acing in
a general | Xl di regtd {HH add VROt faue thie Hdrelipd aufiacas

adj acen?uffﬁ%‘% ggiﬁhn%'ree gdggtegﬁ%‘?ﬂrt%g{%?leagt”one bondi r(\] 0 surface an t he

pl at f or rafisd 6 the statoreveereainl the anstaled eorditioni|ang t?‘é't‘{}i% e G Ng a

| t detail havi i.rfaoil [ ; hi emd
bond ng SR Pabes oAt EAnaPE (agtpaaerE R Ml ol e e

0ONgE NG L SAIRCESTadens AP ANTEIR fife BbAU atrengihealithe wiréoil seatien| e @re®AbiNEon; and
bondi ng the rep

acenent detail to the stator vane by.fermr each of
whi ch haise aohdstrepgteaiihe ratferae ReationiYER] %PF&%’&*Q%@Y %éé‘ribe?‘sn' iét %es "bond
strength at the airfoil section is greater than
2. The method as claimed in claim 1 wherein the step of removing a portion of

the platform includes forming at least two bonding surfaces on the platform facing

circumferentially toward each other.

3. The method as claimed in claim 2 wherein the method is used for repairing a
stator vane having a crack adjacent the junction between the leading edge of the
airfoil and the platform, and wherein the step of removing part of the airfoil includes
removing all material bounding the crack and the step of installing a replacement

5  detail includes replacing the material bounding the crack with new material.

4. The method as claimed in claim 2, wherein the stator vane has an upstream
end and a leg extending from the platform and wherein the step of removing part of
the stator vane includes forming at least one flat surface on the airfoil, wherein the

5  step of installing a replacement detail includes forming at least one flat surface on

the airfoil section of the replacement detail, forming an upstream leg section which
18




t he bond strength at the platform section between circunferentially facing
surfaces. 2. The nethod as clainmed in claim1l wherein the step of renoving
a portion of the platformincludes form ng at | east two bondi ng surgqﬁﬁ%tu
on the platformfacing circunferentially toward each other. 3. The net og
as claimed in claim2 wherein the nethod is used for repairing a stator
vane having a crack adjacent the junction between the |eading edge of the

airfoil and the platf nd. f Rt 1epPéedtionder agaparg thsf t he
ai r f oi | exigOLEHRE QQ”EF%(V%S%AﬁfF%ﬁer 1he g T step of

_ _ material boundi ng the cr achﬂqand_ith o _

i nstal l Qggiﬁ rc%BEéFeﬁ@W@i kijdesrisupporIstrdetire @prdesHEPPREN %Stnloaﬂ oundi ng

the cratkwith new material. 4. The net hod as ‘ﬁJ-afﬁ“lﬁ BizELAdn: detather ei n

thg a;}atjpgtryaﬂaaddasftaaf%@mt veReEne M MHRY 24 cgf& ekt en inrﬁ fr g}iggg}gpt%gtfprm

an erein the step. of re i t f FiAltctigansr In rmng
Slione o7l ggrbredde o 2

at 1@aswhisteistaxiglly, , wherein the 5 step i I 1ing
a repl acement, det al lor icldpieserhatdetall atjatenidhe derding &99@&?1553{91@9%6%
ection

airfoil ec{]l on o?ythe repl acenent detail, form - 1 S
whi ch  }8tBtHSERy R Gtteg)aeshids 19 A iacajé}ﬁ‘e%{h%'?ﬁ%ﬁrﬁge%ﬂé‘g’ﬁ%ﬁgﬁﬁéﬁﬁ he

pl atform section for adapti ' icroane el leadirnghecal atdet

support reg R éh%wcﬁia%ﬁg"g%ér ﬁlgn@gggﬂg? '[Slé%;] the upst rg@rp ?Hd tof he
stator yame, @é}giofn%r{ﬂ Rbefin tResiepgfibonting thepeplasadsnt detdi'P "% SihPch i s
n

axially aligned with the | eadi ng edge of the, ai i s£dil rtibartogether
i ntegr upﬁainagnmlhéesné@ih@ﬁh%ﬁﬁ'ftngﬂcfe?%@ft%?ﬁé#?”e%b%égrtrﬂé%t% det ai | adj %cent t he

| eadi ng edge to.shift PRbiherhrough the Ieg section to a | ocation
on the A% M%@Eﬁr%hgﬁﬂ%gﬁgfg axially rearward of the junction between

the platformsection and the | eading edge of the airfoil section and

wherein the step of bonding the repl : [ hengtieé or 15 vane
i ncl udess.ur gi Thg fedhed ag Cga?ﬁ‘ﬁgd'ég%gwa{ﬁvﬁ%lpﬂﬁ%l%&éapngp%% tﬂ% airfoil section

L oget her.. 75 G SHALRFERRE Aigiela tayceat iolanhtarial et HIRS et #ig8" as
m 4, er

cl ai med TR IR ein the step of hondin h r b |
i ncl udessapssimydifusiapdronging el aital ‘év'?%‘fe ‘é’aﬁ/&}?ﬁ at”ﬁﬁ@???%?ﬁ%ﬁ%c es

and diffusio %rﬁﬁiéwnﬁg%g%}aiibrebg%é” HY %Iﬁﬁ@r‘f’n £ ggstdeandbdniingl thegdatfiirgposi ng

a flowalPwahg et ween e platform surfaces and bondi ng the

pl at fzor my Pa Sy thgepert ogether. 6. The nethod as claimed in claim2, wherein
the step of bondi'ng the

0. The method as claimed in claim 2, wherein the step of bonding the

replacement detall includes disposing a layer of foil material between the airfoil
surfaces and diffusion bonding the airfoil surfaces together and includes disposing a

flowable bonding material between the surfaces and bonding the platform surfaces

5 together.

7. The method as claimed in claim 3, wherein the step of bonding the
replacement detail includes disposing a layer of foil material between the airfoil
surfaces and diffusion bonding the airfoil surfaces together and includes disposing a

flowable bonding material between the platform surfaces and bonding the platform

5  surfaces together.

3 The method as claimed in claim 4, wherein the step of forming bonding

surfaces on the airfoil and the platform comprises forming flat surfaces that are
aces are perpendicular

oriented such that planes containing the platform bonding surf
19




repl acenent detail includes disposing a |ayer of foil material between the
airfoil surfaces and diffusion bonding the airfoil surfaces together and
i ncl udes disposing a flowable bonding naterial between the surfacgSERng;
bonding the platformsurfaces 5 together. 7. The nethod as clainmed in
claim3, wherein the step of bonding the replacenent detail includes

di sposing a layer of foil material between the airfoil surfaces and

di f f usi,on biog;%ié&,%téiﬁﬁlg%éfaq"%” sending earibogentibe statar vare a8edhIPSRSsi ng a

f | onabl'8 DBAUFNG nat eri al between t he pl affor .surfﬂcheg? %r‘p&qddé]g”trhe

pl atsf or gpntSinsid fracsisoll bgetingrsurBice THENFBIRY PSS O L e TR0 "a'm 4, wher ei n
the step of form ng bonding surfaces on the airfoil and the platform
conpr i stbe ingleHed§OPHRP surfaces that are oriented such that planes
containing the platform bonding surfaces are perpendicular 19 - 3 SEP 2004

to a plane containing the airfoil bonding surface o - mand
the pl age 5 TReteéthbdgstdiainmid NollainbBrahegis i SIER Dgffé‘?'ﬁé’ﬁ@%%‘?rwggcti on

of the replacenent detail in_ the jnstal nehitbh@Rg fm Tieplatfobod as
cl ai rredtherﬁtaictiiV@\“&'”%a?%i“?fnf)w@gs% %ﬁ%ﬁ drf?rfr%)\%bng material from the stator

vane i n%ﬁg‘%]@m@aess 3nARE téPaciiy tooeert egchatfeeran ByGeReAY he pl at f orm
su

and for rfaces on the leg facing topard o i aneird |y
ci r cunf er@nhieakbnidalrcirection aafdorBngi aqe%asqcﬁ'é‘n &8?3?3%8%28§“ﬁ899§tp59aceﬁ@nt

detail havin 5.clreuntferent i ng bonding surfaces. 10. A
replaceREFHM ?8“?"3&? mf%nfﬂé:{u‘&é‘%ﬁ%é%avi ng a platform section having at

| east one platform bonding surface which faces in a generally
circunferential direction and at, | east . loRth=4nd ace whi ch
faces in0a génmpacgmantdgtail Eﬁ"rae%tt#%ﬁ’,anﬁj{r}‘\%hrgj %&ﬁagf rfol i ilsc,){ect'iaﬁoar{lgc ext endi ng
fromthe platfor QR ot Eerndi9kh facesantd gendrally nigcumiesedlidlg edge

whi ch hgesdpsé ﬁ”&@%@ﬁﬁ\?ﬁoﬂﬁmlgh%ﬁfgﬁgtvgor_m secti on@%,na% havi ng a‘?&gwéﬁgl

sur f ace gyién baaes leastangepletfain Yoastingisugiece k) fagesdn 9T 1%F ™ an
airfoil bonding surfaces being. s : blaffefrh@echbn tthe didaitdi ng edge
wi th t heliregtianshaing éﬁcﬁ’”ﬂ‘gﬁ‘?%ﬁmg%ﬁ%ﬁds]ﬁég?rﬁ Pgegbsecti on whi ch _ext eads ina
genegal |y fiafhaling®h Iefdingedgé Whidthiraph atddiom wite theoplafAdN RELEPN 2BYpt s t he

detall t'0 cooperate wth 10 adjacent, support ,str . ROsfkg and
posi t i omavireg apendewnseieceowhichdageaitnd Bgneraiiy ax%(ftdﬂégtl&mqhé Blatiy

airfoil bonding surfaces being spaced from the junction of the leading edge with the

platform; and, having an upstream leg section which extends in a generally radial

direction from the platform section and which adapts the detail to cooperaie with

10  adjacent support structure and to support and position the upstream end of the st
xially aligned with

ator

vane and wherein the replacement detail has an opening which is a
the leading edge of the airfoil section for interrupting the radial continuity of the

replacement detail adjacent the leading edge to shift the load path through the leg

section to a location on the platform section which is axially rearward of the junction

15  between the piatform section and the leading edge of the airfoil section..
11.  The replacement detail as claimed in claim 10, wherein the replacement detail

has flat bonding surfaces such that planes containing the platform bonding surfaces

facing circumferentially are perpendicular to a plane containing the bonding surface

on the airfoil section of the detail.




vane and wherein the replacenent detail has an opening which is axially
aligned with the |leading edge of the airfoil section for interrupl'g %@ﬁ
radial continuity of the replacenent detail adjacent the |eading edge t
shift the load path through the leg section to a location on the platform
section which is axially rearward of the junction 15 between the platform
section and the | eading edge of the airfoil section.. 11. The repl acenent

detal | o F2uCh AL iTpthddinahidil for IH vAnkaviiRph prEEl sitionilavifat | at

bondi ng t hat anes containing the platform bonding surfaces
faci ng pidst unkelsimabbpdiagsudaceeviich fAces ib @ gensraleCEBHTRIANYR] t he

bondi ng surface on the airfoil secti.on of | low s = 4 12.
A repl adisagiinn aad &t leash ong RIUQTD} gQ%’fEQ ﬁé{'&f?hg%ﬁ@f gE{CF gr'%% e(:r%ilron é\%ipng at
I east o G TR ; bAEtuiag ficre 8fe platfamgeeetian,Ithe airfoil

ci rcunf Qﬁg%%lﬂ\@ﬁ)g@%‘ﬁl %‘ at | easlté_]one_ pl'a&)form baondi ng surfa&e whi ch
faces i seetigrehaviablayleading edgs whishi las a junatieg with HierRIaifem sEEYYH2BRt endi ng

fromthe platformsection, the aj i i [ i ' gswhi ch
has a j BA¥INGHN w’?}o{qu{p‘ﬁg a't”?%?err\'vﬂ%c&flﬁgﬁé gﬁ% ggﬁgw !gd}gar!%éﬂief%?gm@?%gndisng

su (rjf ace H%Q!pﬁ%hé ?ﬁé%ais&aﬁrommmg Surbadendxtdhde radromrdiytiionn the leadingnedd®| ane
and said airfol

bondi ng surface extends rearwarqly fromt A | edge
and t owand towargthe patierssection leaving Ag H&H*%%'\EA!@%E%%‘@?%” ﬁ‘? %é’r‘m ﬁa%g eadi ng
edge and the plane:of Lhe.airfail ‘E%@i 8afi¢h shihtaitfoi bbadimgi on of
the ai r@letnﬁcﬁjﬁ%ﬁ'%éfR"seuélpggg’ghlﬁﬁgas omgggggprr{%eﬁr' eet] on away fromthe
j unct i 0By BREEE & atdifviBtaizho directiecaway frami thenjenctenibatyvaaiybiestatieE aj 1 f oi |

and wherein the platformand airfoil_. .bondi g fromthe
j unct i orsestion pad|tbgdearjng édgewf the ?H@"pﬁ'ﬁf?’ﬁgﬁ%ﬁe.aﬁ'%ﬁ%ﬁf‘g‘&ﬁg%gsm nt detail
as cl ai bl S %B}fa ik BB Aificlibhof tivs ieadingedgl ndthdbefdatforon t he
airfoil 'Bg;gg%%%u@%%%%’er p g?ement dggtﬁai | extends rearwardly fromthe

| eadi ng edge and toward the platform section |eaving an acute angle

betueen LIE |2 .9 Ricah B RS floiE 1S il orginy e Lo

nding surface away fromthe junction
bet ween ﬁd?ﬁmgdeeaﬁ E8on3RE lairkdll sttiohhut the peblaceraenkdettil eiterdsiearwardi.  The
repl acenent [ [

|
tail as clained in claim13 wherein the le Sﬁecéli@@ has two
flat borfthmdhe leddiogedgeart towartihe piatiRERRES Ogéﬁ%"éftgeéng\ﬁ“ 971"t he sane

plane ag an  2359G:atiRg cbBlarARdigigne bf frRc&rfan bbheing! stirfazerostft then.
5 jocation of the airfoil bonding surface away from the junction between the platform

section and the leading edge of the airfoil.

14.  The replacement detail as claimed in claim 13 wherein the leg section has two
flat bonding surfaces, each of the leg bonding surfaces lying in the same plane as an

associated flat bonding surface on the platform section.

15. A stator vane for an axia! flow rotary machine having a flow path for working
medium gases and having a support for the vane, the stator vane having an
upstream end, a downstream end and extending axially from the upstream end to
the downstream end and circumferentially with respect to an axis A, which

5 comprises:
a platform having a first side and a second side spaced circumferentially from

the first side, the platform having




15. A stator vane for an axial flow  rotary machine having a flow path for
wor ki ng nedi um gases and having a support for the vane, the stator vane
having an upstream end, a downstream end and extendi ng axially frond §tR 2004
upstreamend to the downstreamend and circunferentially with respect to
an axis A, which 5 conprises: a platformhaving a first side and a second
side spaced circunferentially from the first side, the platformhaving 21

- 3 SEP 2004 a fig fist taeowhith@xigndsbelscenttne aivashand fates inmdgenrgraly i n a
generally radial direction to adapt the stﬁ)tor vane tE. boung.uhge wor ki ng
medi um 10 f | cagial direciion, to adest tieustairrvansi te PoRIdRa WHENRLERIM si des and
faces in a ﬂenerﬁ_{jl radial direction away fromthe first face ; at |east
twol Qi r f oi | sTIRYPE i%‘&'fromthe first face of the platform each airfoil
having a | eadi ng gdgeond facaivhidhgextdgds batvben thesidesyanddecesel§idn, each
airfoil 15 transitioni ng_ spanwi seli I nt.0 f[érhf | atform; an upstream | eg
havi ng an axgehetallytradi) dirgeliqfpayvpy rr?i"l‘&& % i'ng fromthe second face

of the platfgrm i ' L G irhe of WMl siBtfbsn aeact yfodl | gned
with at Ieas"’lq I‘B%‘%‘tt fgﬁﬁgﬁﬂgﬁﬁﬁgd%ﬂgeﬁ?@?on and wh‘iﬂ(;h adapts .the stator
vane t ohagRgRelciding\etge saljratingtedgegand asteadingrdge €90 A posi ti on
t he upstream end of 20 the st ﬁt or,_yane, the leg having a | eg section which
i s 9 r ctrensitiopindasngnvipely 1ty NeRiaRA8 ot sai d I eadi ng edge regions, the

| eg section é}%hgﬁe%t irBlireaN BxiBflduthad, the pstreaar leghaxiending feomahe dept h
D of the adjace portion of the |l eg, wherein the | secti.oF hﬁi'%p

openi ng sebbst faoe enthe platiomainia genetyradial gsestimwieh 53481 #i"Sne and
which is axially ali d with t | q% bist&bl vhRe td nt er r upt
the radvdih %@ﬁ? mﬁ@?@rﬁ Pﬁg'ngtgf%ér F\eégén'{e]gggt meetﬁé?%@éltgac?i ng \e’dge of the

ai rfof | apdoldie viitpAgiabehteridihé structnuts slppdheant gasitioat thetpstiog ehe of eg
to a locatfon on the platformwhich is axially rearward of the junction
bet p@en théastatbavéne thaneg NA¥INGl eadi ng edge of the airfoil. 30

a leg section which is circumferentially aligned with one of said leading
edge regions, the leg section having an axial depth Dd which is greater than
the axial depth D of the adjacent portion of the leg,

wherein the leg section has an opening which extends rearwardly from the upstream
25  end of the vane and which is axially aligned with the leading edge of the airfoil to
interrupt the radial continuity of the stator vane between the leading edge of the
airfoil and the support to shift rearwardly the load path through the leg to a location
on the platform which is axially rearward of the junction between the platform and the

leading edge of the airfoil.
30

16.  The stator vane as claimed in claim 15 wherein the airfoil has a suction side
and a pressure side extending between the leading edge and the trailing edge which
diverge rearwardly in the circumferential direction to form the leading edge region
and converge to form a trailing edge region, the airfoil having a circumferential width

5 W and wherein the opening has a circumferential width Wo which is greater than the

circumferential widt_h W.
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16. The stator vane as clainmed in claim15 wherein the airfoil has a

suction side and a pressure side extendi ng between the | eading edge and

the trailing edge which diverge rearwardly in the circunferential -3 SEP 2004
direction to formthe | eading edge region and converge to forma trailing
edge region, the airfoil having a circunferential width 5 Wand wherein the
opening has a circunferential width W which is greater than the

circunf ggentirpl s‘f‘élﬁ t DaN¥ 23%1aimedSERIZRDTE Wherdihahs stator varmnburtiercl ai ned in
claim 16 wherein the stator vane further include g] gl a{:errent det ai |

havi ng mchidesf @replaserneohdelail davingsa plaiorpaestiag W S'!’S}P 3282184885t one of

whi ch faces in er al i deoaeted to the
adj acenPUpadres ﬁﬁegﬁp?'h%ot QC&%E%% gg%hggarlga({]rﬁ Ffbsrglgf ?i'(gerstdhaw ng a flat 5
bondi ngpsHEES €S tHeSHjRBe M pErtiOR B tied Stateriame, dndmtandmhﬁﬁt:‘&!ﬁn havipgeoltat t
ContEal nbapdinaenttfase asinadnim snarein:Agl ERsting WhER Ik bERES 16 e pddRent pelanes
cont@i nbapgdingestirfase agingdn i or
section_are pe i rﬂaﬁhﬁ mefﬂntl sectlon
of the BBftbﬂrFO{tﬁ%r%lﬁ@F% H\‘ tﬁct”f‘lseﬂé %d%ﬁagﬁﬁeﬂﬁ%% otf rtghle stator vane.
10 18. Eﬁ@@t@bﬁtnawm.@esmmgm the phtiomm sectivreats pefpsadiedialtp@ PIaBeng

surface on the airfoil section the repI Sirfoil of

r ear war @pptainioentoadat é‘zﬁf@i“rﬁcgaﬁé’? hedg! Hgﬁg%‘g’%m&é@?&eﬁéﬁt%aw ng an
acute a ween t he surface and the | eadi ng edge to shift the bonding
surface%&g%éromthe fillet radiuses at the 5 junction between the

pl aydor m and t he | eadi ng edge of the airfoil. 23 - 3 SEP 2004 19. A stator

f | fl t
o um GocEe Rt iTi,Bt MRS TR AT WpRE T Lie el RSttt ine

and a A %WF%(%&%H @ﬂﬁa@@ﬁla@éh@tﬁuemucemm aewhidly Ifrymwtttehleﬂdme%dget 0 an
axi s I C

conprises: 5 a platform havi firs SI d n cond
si de spacwdrd:thmpimferrerwchﬂm Jegvingan agute ?‘?‘\ﬂg bﬁ“ﬂﬁen% ﬁ%%%r%t%w ng a
first | ?e:aedmg ecE;eet [ THPEONRRG LB cad Sfdy 3iin 1Re Rfet rad@slemmﬁ Iy

5 junction between the platform and the leading edge of the airfoil.




radial direction to adapt the stator vane to bound the working nedi um

fl owpath, and, 10 a second face which extends between the sides and faces

in a generally radial direction anay fromthe first face flowpath; at-3 SEP 2004
| east two airfoils extending fromthe first face of the platform each

airfoil having a |eading edge, a trailing edge, and a suction side and a
pressure side extending between the | eading edge and the trailing_edge

whi ch diger gg dis@rWanelnsr A8 akial b rotary umdahiee hawhgd fiew piath faroveiking a

| eadi ng edge region and converge to forma trail.ing_e reginn, si de
transi t mediurg gaseswnsed puppe ferHbe yepes mﬁﬁa%gﬁ‘ﬂ% %Qa%??éﬂﬁgﬁp r?grj{dgﬁ axi al

dept h Dgwiag ?%ng,.\%ﬂgeaggggr{d?ﬁ%ﬁfaﬂﬂﬁréﬁ@y With F¥pert & dwerisi A, whighner al | y

radi al axi y a with at least part of the
| eadi ng.ge9RsE€9i on and which adapts the stator vane to cooperate with 20

adj acent engine structure to suypport and si.tian : t he

stat®dr vana plafermdipving afgsts! ae@@tﬁ%ﬁggﬁ'@%gi’%‘% I’g.lgl a| feié'g?\kﬂwg@m t he

pl atform apd, . 0 i ts the vane to engage the support: and, a
ey, 19 biallR bty

repl ace vane adj acent one of _said airfoi laﬂ havi ng
25 a pl at f or m secs fiest fade whidreaxtehds betyatimilesidesard fagash 3 8RN o

generally circunferential directio a leg s | ' negs away from
the second f&%@abﬂ"’?‘i’i@rbioa@‘#f‘t‘ﬂiﬁr?e %’Wﬁﬁ“ﬁ tg&%do(r){g‘&\rwgﬁkﬁehr%ewae{‘ejl y al i gned

wi th one of ?@h&aa'ﬂ?aéﬂd“g edge region, the leg section having flat bonding
surfaces whic ace€ 1n’'a generally 30 circunferential direction, and having

an ¢gi al depth Ddateaind facgvduckexiends betweenthesidss adJAREDLE t he

adj acent portion of the |eq, ..an - - f 0i | section havin
a bondi ng surQeJ@éa'Iya@dt‘@ qe"%cgoﬁgwgg';fmrﬁ%%ﬁgﬁt@%ﬂ?&}?iﬂgﬁ which is f]at andg
whi ch i s ori gnbad: G5 Birlohaextrfesfronnthaifistiace ud the ptatfosms eacR Skl t he

pl atform section and | eg section are perpendicul.ar .t ont ai ni ng
the fl athasing ailéading €idge, aftrailing egaeand %ﬁ\é? ms'ﬁﬁ@ng&?agﬁ%s%%f%gﬁneg surface

on the aitloklqbehk:an RN trdfingi ddgeewhiehdiivergarmaandangf rom
The I'ead g ing TERRED 4% Iscdind flyd BRI 18Tingl cdocouhi ot
15 in the circumferential direction to form a leading edge region and converge to 1or
trailing edge region, the side transitioning spanwisely into the platform;

an upstream leg having an axial depth D which extends from the second face

of the platform in a generally radial direction, which is axially aligned with at least
part of the leading edge region and which adapts the stator vane to cooperate with

20 adjacent engine structure to support and position the upstream end of the stator

vane, the leg having

a midsection extending radially away from the platform and,

a foot which adapts the vane to engage the support: and,
a replacement detail bonded to the vane adjacent one of said airfoils, having

25 a platform section which has flat bonging surfaces which face in a
generally circumferential direction,
a leg section which extends away from the second face of the platform

and which is circumferentially atigned with one of said leading edge region,

the leg section having flat bonding surfaces which face in a generally

30 circumferential direction, and having an axial depth Dd which is greater than

to the axia! depth D of the adjacent portion of the leg, and,
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acute angl e between the surface and the | eading edge to shift the bonding
surfaces away fromthe junction between the platformand the | eadi ng SERF80L
of the airfoil; 40 wherein the replacenent detail has an openi ng extending
rearwardly fromthe |eading edge surface of the replacenent detail which
Is axially aligned with the |eading edge of the airfoil to interrupt the
radial continuity of the replacenent detail between the |eading edge of

the airfoil and thg fYePesstidrohaing b boraivpsuiiface faeirigiad: geaerally @x@lgh t he

leg to a location on the platformwhich is axially rearward of .the 4
junction bet dizectiornehigheistiat andivehiehmis ‘Prﬁﬂf?ﬂﬁugﬂﬁatdﬁa'?%c%ﬁ“?%'i%q &eaﬁ]’a,

2gai st radi SHHeREYEARE PR T SR S od o A are e R 1 Pobal not
reaggvar d axi ghnfaRvingeRé flataifollisection ef thet dethilnovenent . 50 25
wherein the axially facing surface on the airfoil section of the replacement detail
extends rearwardly from the leading edge toward the platform section leaving an
acute angle between the surface and the leading edge to shift the bonding surfaces
away from the junction between the platform and the leading edge of the airfoil,

40 wherein the replacement detail has an opening extending rearwardly from the
leading edge surface of the replacement detail which is axialty aligned with the
leading edge of the airfoil to interrupt the radial continuity of the replacement detail
between the leading edge of the airfoil and the support to shift rearwardly the load
path through the !eg to a location on the platform which is axially rearward of the

45  junction between the platform and the leading edge of the airfoil, and,
wherein the foot on the replacement detail traps the replacement detail against radial

movement and the bonding surfaces trap the detail against rearward axial movement

and circumferential movement.




