, Z[ e3e"[ | 6LT=A, , TURBI NE NOZZLE SEGVENT AND METHOD OF REPAI RI NG SAME
BACKGROUND OF THE | NVENTI ON This invention rel ates generall yef/lﬂ bi ne
engi nes and nore particularly to the repair of turbine nozzl W/Mﬂed
in such engi mml““\m“ﬂ\mwmr bi ne engi ne includes a conpressor that .pr

pressuri zed ustor wherein the air is mixed with fuel “dnd
ignited for generamirg hot conbusti on gases. These gases fl ow downstreamto
a turbine section that extracts energy therefromto power the conpressor

and provide useful work such as powering an aircraft in flight. Gas turbine
engi nes typically include stationary turbine nozzles that enhance engi ne

perf or mance F’YURBFNEN(PZIZEMEGMEN?%ND%E%{&B o WAI@HI%%?S‘AR@M thin the
turbine section. I'n nulti-stage turbine sections, turbine nozzles are

pl aced at the entrance of each turbine stage to channel conbustion gases
into the BAGKGBOBYDION tHEIRY ENIMEY r eam of the nozzle. Turbine nozzles
are typically segnented around the circunference thereof wth each nozzle
segnent haying one or,nore airfaqil vanes disposed.between.inner. and outer
bands. t ha "l AR El PR #enprely d0, et AU B e o DB e o
gases fl owpal ofiuirbingmolle séoacttecused e Sichnagiee segnents are nounted to the
engi ne casing to forman annular array with the vanes axially placed

bet ween the rotor bl ades of adjacent turbine stages. During operation,
nozzl e segméat SUBine RGBS daclY esaah?‘@?PrFﬁﬁbéﬁ%tt pRox1dgs PresspEZsd Hate @an | ead

to oxidat ban@is Giictéh! ME: it NETARkal Wikl RRY 4id®ighlbe Clok VEerSREiRE Chotl 1T Of
t hese conponents. Accordingly, nozzle segnents are typicalfly ftabricated

f r om hi ghcomhystioatgases. c bheset gases flowkdsiwristremnl te uptrkih¢ egdioarttatagaraofst en
coated with coirosfj ontand/ orhheat resi stgnt r.r(gt er h}?l s.. Furthernore, nozzle
segments CPHEPY TR {° PREL LN ROMRESIAr gAd Broyads el Yok SECh BRI Ear e
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prolong service life., Even with such eftforts, portions of the nozzle
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must be ei“tqﬁglr ﬁlrget{p])%?{reg%cu%n tn %Ipﬁ{sé[p ace n%(k)!é}; %ﬁ%@iﬁb#%?g? gl,%szg#% fI|Jql %I%gﬁt
engi ne opet tht ientnancBef eachdurbirzdtageste ghamebcanbustomphsex into thbetarbgue, rotore made

of relativyely  expensive erials, and are expensive to nmanufacture, it is
gener al |y [oF31ed QAaTIReAm of e Pegs; TEHRS evaleover el prEmersd Sifon
repair pragesfulifélendeheebEWith @hblY nSizd RiBhiedt A 8nEOYd 5;0RBRMiAbI] “adds NO,
applying a braze alloy to distressed areas to repair distress, and
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That is, woantedhte the edgind cavirdg todfoan anainnnizetrray withi the vahdsi axkailyssacetihe

nozzl e segnent cannot repaj.red by .the known repair process. To avoid

scr appi ngg?tl‘ﬁ@e’éﬂ}elrf’@rhga%?? %P*giéﬁ’ﬁﬁﬁﬁl}/t?‘% 88N situations, airfoil replacenent
techni ques have been devel oped. One current airfoil replacement technique
conpri ses @ik \opbatibAehd2zRlseREME adPobddoid 4 l\illl;%h |té1ﬁ§ératﬁfw%é%l&1@£mhﬁﬁd5 and
welding a new airfoil to the sal vaged bands. en the distressed airfoil is
renoved f Fehleahio pxidation andswomesion, thaweby limjtingtheafiertdys serdpalifesof tiere new
airfoll i SoMEhAst { oALOGHRS! YR%s1e A lenfULLE Wnit SRA FlbrTRER OS] RiA! Ve

repl aci ng one or nore alr I s 0r baivds by di sdssenmbling a nozzl e“segnent
at the br &mtpgratunet sobahiraywiickebdasedesuperaiioy = and pteackene adateb mthnettosionand
re-brazi ngﬂcﬁ/he assenbl to%et her hi s extenfis the life ,oflthe nozzl e
segment, BRY/OGPrA oA, MaTiHlSe RRSEROTPORES SREMCRLS @arigklasy tB¥d 8t i on
resi stant yashigh Pﬁ'séiﬁ@tdr@ih&_%ecti‘oﬂ% PRI ¥baled iﬂt@l’%‘ual‘?f FAB chQlidY Ar &ftfactadP! cally
located in the Tillet radii at the junctions of the vanes and the inner and
out er bandrof thepantpresser tacrolongiseniicedife. diviehiwith suchreffostst portions of thed can be
t he hottest Iloceati ons on the nozngl e, slecgmi‘riﬁ durti %q O(E)Seor a(riieop. Tha%’ohi gh

t enper at uPSEIGTCRILES b SUITT LT TR la P P, Rl SEPThIYs B @edHo the
braze j oi ahdcorusidr)afidother ddnze4teh Okt the ROBZ1E sdgRidhts hes bele@eradgiitddonal
weight in the parts to be joined in order to have a satisfactory joint.
Accordingly, it would be desirable to have a band repl acenent techni que for
repairing turbine nozzle segnents in \/\41i ch the airfoil-to-band joints are
equi valent to or better oo



than the sanme joints in an originally manufactured nozzle segnent. -2

. BRLEF SUMVARY OF THE | NVENTI ON The above-nentioned need is nmet by the
present invention, which provides a nethod of repairing a turbine nozzle
segnent havi ng one or nore vanes di sposed between outer and inner bands.
The net hod includes separating at | east one of the outer and inner bands
fromthe vanes. The vanes are cut through in close proximty to the band
bei ng replaced. A newly manufactured replacenent band including protruding
vane stubs is provided for each one of the original bands being repl aced.
The repl acenent band is attached to the vanes by wel di ng. The present

i nvention . t upon
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The subj ect nﬁﬁter dhat is rg@(wgg S the invention is & |cularly

poi nt ed odMANLRFHE-dt iSgengrgllymaredegirpble fokepaip AP VEEPISSINC t he
specification. The invention, however, may be best understood by reference
to the foldr@vuoﬂﬁn&ﬁﬁaﬂr @}dc@gh fnekass éHénﬁ@d]lyLHi‘ﬁISplﬁQtH@ énblrbmeﬁﬁpwmagyl ng
drawing figures in Figure 1 is a perspective view of an engine run
tur bi ne nepplymgsadieast alley guudistiessed aresetos pengini distresseandiretanplying tee
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i nvention anEIngﬁfrﬁurﬂ wall thigkaespkmits, wehich emyorf,e axdeeqtmll asedl résult ifrepeatedz | e

segnment. DETAI LED DESCRI PTI.ON OF THE NTI ON
g repair anE chem1S al stripping processes. Jfll'}r!t\{li:'s when the airfoil wall does not meet a

minimum thickness, the nozzle segment cannot be repaired by the known repair
process. To avoid scrapping the entire nozzle segment in such situations, airfoil
replacement techniques have been developed. One current airfoil replacement
technique comprises removing the distressed vane from the inner and outer bands and
welding a new airfoil to the salvaged bands. When the distressed airfoil is removed
from the bands, a stub of the original airfoil remains. The new airfoil is welded to
these stubs. Other current repair methods involve replacing one or more airfoils or
bands by disassembling a nozzle segment at the braze joints, providing one or more
replacement components, and re-brazing the assembly together. This extends the life
of the nozzle segment, but still results in a brazed joint, which is not as oxidation
resistant as a welded joint. In particular, the braze joints are typically located in the
fillet radii at the junctions of the vanes and the inner and outer band flowpath surfaces,
which are difficult areas to cool, and can be the hottest locations on the nozzle
segment during operation. The high temperatures at these locations accelerate the
oxidation process in the braze joints. Furthermore, the use of a braze joint requires

additional weight in the parts to be joined in order to have a satisfactory joint.

Accordingly, it would be desirable to have a band replacement technique for repairing
turbine nozzle segments in which the airfoil-to-band joints are equivalent to or better

than the same joints in an originally manufactured nozzle segment.



Referring to the draw ngs wherein identical reference nunerals denote the
sane el enents throughout the various views, Figure 1 shows an engi ne-run
turbi ne nozzl e segnent 10 having first and second nozzle vanes 12. The
vanes 12 are disposed between an arcuate outer band 14 and an arcuate inner
band 16. The vanes 12 define airfoils configured so as to optinmally direct
the conbustion gases to a turbine rotor (not shown) | ocated downstream

t hereof. The outer and inner bands 14 and 16 define the outer and inner
radi al boundaries, respectively, of the gas flow through the nozzl e segnent
10. Each of the bands 14 and 16 has a generally arcuate flowpath surface,
denot ed 1%@@@ S{M&@mﬁ]ﬁ Y?IIEle\yﬁllf’ }hs exposed to the hot conbustion
gases. The vanes may have a plurality of conventional cooling holes 18
and trailing edge slots 20 fornmed therein. Cooling holes 18 are nost

t ypi cal | y Ths etowd-tkntionedtneed agmetnloyz the preseginiemergion] whish movides moretiod
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segnent 10%i i p ; a
cobal t or ofiet kBd MRS BandEY PEHcAEMYd iRdMUTRYp R fpOAt 184kt Whé Bf theCAltéOfidon and
oxi dation resistant material and/or a thermal barrier coating. A gas

t ur bi ne emienbangds|from ths vames.aThe vangs iare,cub throughinsdeseeneximity tatheabandd

circunferentially in an annul ar.configuration. i.] ne repaj.r net hods of
Chepr ece g toepdeh, AheSHy bRl SPREER: ve dodudPE et e, e

nozzl e segbyis providet dor chch@né of fgroripithl baads Bdivy RpREENt Thaphick@ent S

equal |y ag&%&pable to nozzle segg&pts havi ng any nunber of vanes. During
engi ne op {sgtfacheddo the ames ReWRIYME 10 can experience damage such as m ght
result fromlocal gas stream over-tenperature or foreign objects inpacting

thereon. Ape EhtaRPHtBRAUE its AdPRNidde® Bv&ithé PRoNBZRAIEb&RBEERIpparkft i become
damaged to the point where it cannot be repaired by known repair processes.
The pr esemeading/tdatfoldowing dgtailed destriptiom and theoappendedeqlaimsi wigh seferencd © segment
10 in whiﬁgzkhe vanes &@ ar e repai rabl e while other nozzle segnent
structure s ﬁ%rﬁlp?lgbl}ﬁ e By way of exanple, the inner band 16 is shown
in Figure 1 as having damage such as to be nonrepairable while the vanes 12
are repai BRIEE DESCRIPTIONeORTER DRADMBNGSt ypes of interface between the
vanes 12 and the bands 14, 16. In the first type the vanes 12 and part (or

all) of t outer and inner ban 16 are cast.aﬁﬂige integral

%g 14,

conmponent WetHOIGE! [BieH Bk isvesrded @S g By eqton, frparieilariy ggintqd,0htpnds o c ond
type the @nésctdf clhittediaRScohel ity paRCS tHE SheclTicaRsK ETRe inReltitd, Ro&Ferand

i nner bands 14, 16 and secured by brazed joints. The repair nethod of the
present i mayrheibeat yrgdprsteod byagfapgnch te theeHowingaesdrintiondakeade conjpactidte et hod
st eps of i i 1 cal ss of the type of interface.
However, t g”%ggggﬁpﬁ#ﬁggg&ﬁ%hgﬁ&g%gﬁﬁgggghtage over ot her methods when
repairing a nozzle segnent of the second type, as explained nore fully

bel ow. Thé&igreseénd perspeetive viewaflan engine lven thelsioe hozzde segnenparticularly with
respect to the replacenent of the inner band 16. However, it wll be

under st ood.. t hat, .t he present .i nvention js equal | y..applicable to the
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t he sane témigvedThe repair nethod includes the principal steps of separating
the inner band 16 fromthe existing vanes 12, and then joining the sal vaged
vanes 12 and outer band 14 to a_newly manufactured repl acenent bﬁPd 24 (see
Fi gure 3) Figise 3igpipseseectivee/ieiv el Adpplpsemang sk ‘i‘ndo‘éﬁ“rg 1 e PRI method
speci fi calykhe dr&ni iRy, step of the repair nmethod is to inspect engine
run nozzle sedgnents 10 returned fromthe field for servicing to identify
such segnents 10 that have repairable vanes 12, while the inner band 16 is
non-r epai Fidire4 iCnperspectivé viehi of arepaited tuthipenzzieGegrmentbeen i dentified, it
shoul d be stripped of any coating materials (such as corrosion or thernmal

resistant[ﬁ?ﬁ&ﬁﬁﬂ§bg§pﬁggﬁgﬁgggﬁﬁﬁgaggﬁﬁ«ﬁ $Jcoating mat eri al nmay be

stri pped uUsing any , such as grit blasting, chem cal

bat hs, and the like, or by a conbination of such techniques. In addition to
the repair process of the present invention, other conventional repairs may
be carried out concurrently, e.g. crack repairs, dinensional build ups
etc., depending on the condition of thg conponents of the nozzle segnent 10
that are to be sal vaged. These repairs2are perfornmed using known repair
techni ques such as alloy brazing, alloy build up, welding and the like. -5
The next step is to separate the inner band 16 fromthe original vanes 12.
Separation is acconplished by cutting through each vane 12 near the inner
band 16, thereby |leaving a stub of each vane on the inner band 16, and
furthernore exposing a joining surface 22 at the end of each of the vanes
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After.the machi ning operations are conpleted, the sal vaged vanes 12 are
assenbled with the replacenent band 24 to forma repaired nozzle segnent 32
as shown in Figure 4. The parts are then joined together by welding al ong
the joining surfaces 22 and 30. The vanes 12 may be wel ded to the
correspondi ng repl acenent band 24 by a process such as el ectron beam

wel ding. After the replacenent band 24 has been joined to the vanes 12, the
weld joints are machined if necessary, and any corrosion or thermal
coatings that were originally used are reapplied in a known nmanner. The
result is a repaired nozzle segnent 32 that neets the new make part
function equl I . o] di,nent, the
repIacene%?ﬂ%gﬁ%qgﬁkgéﬁ?gn#’?&?%%ﬁfgéﬁlangggwggﬁg?g#Q%fgggﬁgﬁg %%ﬁ%s 12
and/ or t helentengi thedugheundie Ydsiouk6vitws, Figate destmwsemadngat-mazaibinesegizint 32

that retains the terial prqpertigs of the origipal nozzle segnent 10.
Hovever, is?\gné%tw_e avdih tr@ﬁt%ec‘efﬁﬁn?@éﬂ de¥vem bR dVangs ﬁg ¥4 ﬁpe?ﬁded from
a di f f er epbtwiRh &hlafduateP5RdrHaf@| 14 288 aftlak Qb 1AM AN NBAMGRA MBS €7 Hé¥ine

properties., It is often the case that during the service |life of a gas
t ur bi ne enygfails wofiperdsd asueloptimally rilineet the xomrhustion gases dw edurkiinertorsui t abl e

for use w,t uc Q ents are,devel.pped.. Traditiqnall engj operators
woul d haviisEOE) GRTBERSRh e ufEER PREypr 0ty R et L P BEEa: oo
from the igpsaseshddhh@tadiol bRadarie, td3pectivbiN6Llie Faé HbvahradiR AR id2k
However, by fabricating the replacenent bands fromthe i nproved alloy, the

repaired §eemen 19ediachtofdbe hands ldhand Ho hpna gaparally psuvetg flovamath stfased al
propertie I t.d i 1S i f use with
Pozel ¢ sommRE 1B e B i o oD e, T bands
14, 16, beesassi? may kdviern platabity efrvenberdoadl ¢oolieg halee 1Band milingrdpe sldtsnozzl e

segnent 3 This, has.t benefits. First, jn.a.brazed.jaint, the rts on
cach i do 2Bomn (AT "Tasiik hole® 18 e sk Birpg R i el sgeiordie

brazi ng ngéghémd; 1iter aENEhdzzle0sehMentd GF@RAFIR! B ndRutilizé McRLobliNg hbles 18xanpl e a
|l ap joint may be used). This essentially requires tw netal %hlcknesses at

t he j oi nt Thecwerlerseemprtr Eads prefsrabliienadsi ek aduzh quslithesuperaerd suehasw se. I n
contrast, ded .0l N e, pr ' hon | el havi ng
Flst one’ SO SEnPE QU SupBialbd Sl BPBE bIE BT oSl ld ol 157
reduces t hesistmit ghiterill ahdier 4 gRanhildarmivzohting eq ganturbine engipandltlinctudelze
original nozzle se nt 10, Second,  a brazed joint is re prone to

oxi dat 1 on PEFHHGT RGN ?F@Wﬁ@rli)t EHeEh SHOYRETRiARK i A AUl cqnfiguiptings 12,
bands 14 apglilffe réfash &&Hb@%@?ré@@rﬁ%@eﬁtioh BreP@sbrilddl REein Wil @Eﬁb%?td oI nts
are typically located at the fillet radii between the vanes 12 and the

fl owpat h ef twaneanganagle] segment, 16 shquld e tagognizesh thatrthe pygsertainvyntidneishot t est
| ocati ons S t are difficult to cool properly. The
hi gh terrpgglgatlﬁpd ggﬂ%ﬁ'{ﬁ)em? ?lgfs‘g%m%hgsdﬁmré%%gl Igirntél{eé%g%&}?gti on of the braze
joints. In contrast, the replacenent bands 24 of the present invention

i ncl ude i Mueppahgint vparalén,hbenorgld deghment Tackn expbriéree enhags syzhras ntightt he
casting. The H%lljt radii_ 25 are inte%{alh%djorned,of the sane nmaterial as
the repl alBHEfOBAAR! 285 SHFT RVPSIRPE YR UPTH PRISFS (BRACHIRHCIAR: br aze
mat eri al . A\l MéhtichB® abAR! a bBrtfoh!drele APl RghRAl LU fMaf BB GRRARE th the _
necessary by known nethods (e.g., inpingenent or filmcooling) nore easily
t han a br agmt wheretit eannpotibdreepaioest xknobyrerephir pravassesn Thé prebent imvention jsoi nt

will thus jinmroye the.dyrabili.t.y of the repal .nozzl egnent.32_as a
whol . " ThEREESsa REUB T Hopdlibe & pird e SERRR0 20 HaERER GRITRE BiEr e ol
one of thecpagrable While ldihdrs ndrld Gegraprtag@itiure Nist hai-rdpaizablaneByldaqr 6f not
separated fromthe band that is to be salvaged and are therefore held in
their ori §&#apPlepbsinnephand hthds shommein Kigurg 156 bayiag damage suchqdoibe poncan

t her ef or e /he. ofi lﬂkQﬁgv£EE?2§§ﬁ%é@hﬁh¥ since the repair does not affect
the orientation of the vanes relative to each other. This is inportant
because the aerodynanmi c characteristics of the turbine nozzle have a mgjor

i npact on the performance of the turbine. The foregoing has described a

met hod of repairing a turbine nozzle segnent having one or nore vanes

di sposed between outer and i nner bands. The nethod includes g _

separating at |east one of the outer and inner bands fromthe vanes. The
vanes are cut through in close proxinT@y to the band being replaced. A
new y manufactured replacenment band including protruding vane stubs is
provi ded for each one of the original bands being replaced. The repl acenent
band is attached to the vanes by wel ding. Wile specific enbodi nents of the
present invention have been described, it will be apparent to those skilled
in the art that various nodifications thereto can be nade w t hout departing
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1. A nethod of repairing a turbine nozzle segnent ( 10) having at |east one
‘vane ( 12) disposed between inner and outer arcuate bands ( 14, 16), said
bands ( 14, 16) each having a flowpath surface (15, 17), said nethod
conprising: separating at |east one of said outer and inner bands ( 14, 16)
fromsaid vane ( 12) by cutting said vane ( 12) at a | ocation near said

fl owpath surface ( 15, 17) so as to expose a joining surface on said vane
(12); providing a newy manufactured replacenment band (24) having a

fl owpath surface (26), said replacenent band (24) including a vane stub
(28) extending fromsaid flowpath surface (26) of said replacenent band

24 fRc : d
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met hod of theefiat typatheavanes b2 med peot @ir ally efyive otitet aﬂd)mnen‘banldsa,llm I16mfeecraeu n sa| d
I t band (24) is fabrjcated. f t I d
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segnent ( 10) having at |east two vanes di sposed between 1 nner and outer
arcuat e baaunds 4, |164nd s®reddwi tatedrjdinty, The, repaitinethad lof Heviregnainybaigpat h

surface (15 t hod co ara one said outer and
i nner band&®, &e&Se tﬂf%}@lﬁ{g}ﬁ {/Tglﬁeéia ‘Tffﬁ% @P?%ﬁ 5 Ogoi'e\fg%léa’(e 12) at
a locati onddmam ﬁgmdlefsé ofviRt fps of irasxeade IBowdve}, the passehtOin@¥RdMELaR 4nOi Ni Ng
surface (22) on said vanes (12);

advantage over other methods When repairing a nozzle segment of the second type, as

explained more fully below.

The present invention will now be described more particularly with respect to the
replacement of the inner band 16. However, it will be understood that the present
invention is equally applicable to the replacement of the outer band 14, or to the
replacement of both bands at the same time. The repair method includes the principal
steps of separating the inner band 16 from the existing vanes 12, and then joining the
salvaged vanes 12 and outer band 14 to a newly manufactured replacement band 24
(see Figure 3) that replaces the non-repairable inner band 16. More specifically, the
initial step of the repair method is to inspect engine run nozzle segments 10 returned
from the field for servicing to identify such segments 10 that have repairable vanes 12,
while the inner band 16 is non-repairable. Once a suitable nozzle segment 10 has
been identified, it should be stripped of any coating materials (such as corrosion or
thermal resistant coatings) that may be present. The coating material may be stripped
using any suitable technique, such as grit blasting, chemical baths, and the like, or by a
combination of such techniques. In addition to the repair process of the present
invention, other conventional repairs may be carried out concurrently, e.g. crack
repairs, dimensional build ups etc., depending on the condition of the components of
the nozzle segment 10 that are to be salvaged. These repairs are performed using

known repair techniques such as alloy brazing, alloy build up, welding and the like.



providing a newy manufactured replacenment band (24) having a flowpath
-surface (26), said replacenent band (24) including a plurality of vane
stubs (28) -10 extending fromsaid fl owath surface (26) of said

repl acenent band (24), said vane stubs (28) each having a joining surface
(30); and wel ding said replacenent band (24) to said vanes ( 12) at said
joining surfaces (22, 30). 4. The nethod of repairing a turbine nozzle
segnent ( 10) of claim 3 wherein said replacenent band (24) is fabricated
froma material that has enhanced nmaterial properties with respect to the
material that the band being replaced is fabricated from 5. A nmethod of

repairing T%e%%ﬁtbété}?ISQQ%ééﬁ%}émér Band Vs ﬂ%}e{l @9 l?élfélle\g@%% ?ﬁ‘esé! o(n 12)

ext endi ng between I nner outer arcuate sal ands ( 14,
16) each hsauccmglmlshécbbpaumrguu}mmgh dath,vaitg’)12 ndaenkd inret bardd6, dtheectynd of

said vane (12 is ed in spcke f sai d bands 14, .16) and
secured t H%?’H{ 5? 784° 08i ffmng’é{’ﬁldn@)%@i WHEHROLE %Os@éﬁd?lﬁmgng at

| east one stffac%aszatQHé 8hd éf'@adhr‘tﬁethe handsi1 o b c&ﬁ%lg eafibd pefsiaasPandi ng
brazed joint fromsaid vane ( 12) by cutting said vane 12) at "a l'ocation

near sai dcphsnpandl mgatsasech B8, mabrgweasuﬁmgewpo@eoa qlcmtmahgdlsqhamce (22)
on said vane 12 ovidin e manyf act acenent ,b (24)
avi ng o PRSI ERI A AR SR aalE, e RN ARHHE FukB% S et udl g = vane
stub (28) sevagsabliengrutiuedniss stiodvrd irpw@afehz sanﬁflacladéSZﬁn): cﬁiterst&und rephaarnent
band (24), said vane stub (28) having a 1; oi.ning surface (30); and

vanes 12. The vanes 12 are’then prepared for joining to the replacement band by

machining the joining surfaces 22 of the vanes 12 to mate up closely to the ends of

one or more vane stubs 28, which are a part of the replacement band 24 described

below.

Figure 3 shows a newly manufactured replacement band 24 used as a replacement for
the original inner band 16. The replacement band 24, which is typically a cast
member, has configuration generally matching that of the original inner band 16.
Specifically, the replacement band 24 has a generally arcuate shape including a
flowpath surface 26 which is exposed to the hot combustion gases during operation.
One or more vane stubs 28 extend a short distance radially from the flowpath surface
26. The vane stubs 28 have a cross-sectional shape matching that of the vanes 12 and
have a joining surface 30. The joining surfaces 30 may be parallel to the flowpath
surface 26, or may be planar depending upon the joint created when the vanes 12 are
cut from the original nozzle segment 10. The joining surfaces 30 of the stubs 28 may
be machined, for example, by an EDM process, to provide a close fit with the joining
surfaces 22 of the vanes 12. If desired, features such as steps or notches (not shown)
could be formed in the joining surfaces 30, along with mating features in the joining
surfaces 22 of the vanes 12, to improve alignment of the parts during assembly. A
radiused fillet 25 is disposed around the periphery of each stub 28 at the junction
between the stubs 28 and the flowpath surface 26. The fillets 25 are integral to the
casting of the replacement band 24. A replacement band 24 for the outer band 14



wel di ng said replacenment band (24) to said vane (12) at said joining
-surfaces (22, 30). 6. The nethod of repairing a turbine nozzle segnent (
10) of claim5 wherein said replacenent band (24) is fabricated froma

mat eri al that has enhanced material properties with respect to the materi al
that the band being replaced is fabricated from -11 7. A nethod of
repairing a turbine nozzle segnent ( 10) having a pair of vanes extending
bet ween arcuate inner and outer bands ( 14, 16), said bands ( 14, 16) each
having a flowpath surface ( 15, 17), wherein opposite ends of each of said
vanes ( 12) are received in sockets disposed in said bands ( 14, 16) and
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and 30. The vanes 12 may be welded to the corresponding replacement band 24 by a
process such as electron beam welding. After the replacement band 24 has been
joined to the vanes 12, the weld joints are machined if necessary, and any corrosion or
thermal coatings that were originally used are reapplied in a known manner. The
result is a repaired nozzle segment 32 that meets the new make part function and

strength requirements at a lower cost.

In one embodiment, the replacement band 24 is fabricated from the same material as
the vanes 12 and/or the original bands 14, 16 to produce a repaired nozzle segment 32
that retains the material properties of the original nozzle segment 10. However, in
another embodiment, the replacement band 24 is fabricated from a different material,
preferably an alloy having enhanced material properties. It is often the case that
during the service life of a gas turbine engine component such as a nozzle segment,
improved alloys suitable for use with such components are developed. Traditionally,
engine operators would have to replace existing components with new components
fabricated from the improved alloy to realize the enhanced material properties.
However, by fabricating the replacement bands from the improved alloy, the repaired

nozzle segment 32 will obtain, in part, the enhanced material properties.

The present invention is particularly advantageous for use with nozzle segments 10
having a brazed joint between the vanes 12 and the bands 14, 16, because it eliminates
the brazed interface in the repaired nozzle segment 32. This has two benefits. First,

in a brazed joint, the parts on each side of the joint must have a minimum surface area



separating said inner band and its correspondi ng brazed joints fromsaid
-vanes ( 12) by cutting said vanes ( 12) at a location near said flowpath
surface of said outer band so as to expose a joining surface (22) on each
of said vanes (12); providing a newly manufactured i nner replacenent band
(24) having a flowath surface (26), said inner replacenment band (24)

I ncluding a pair of vane stubs (28) extending fromsaid fl owath surface
(26) of said inner replacenment band (24), each of said vane stubs (28)
having a joining surface (30); and welding said inner replacenment band (24)
to said vanes (12) at said joining surfaces (22 30). -12 9. The net hod
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Aya. AT Aggrﬁ‘e t 3‘5 omA]‘Lared to the original nozzle segment 10. Second, a brazed joint is

more prone to oxidation during engine operation than the parent metal of the vanes
12, bands 14 and 16, and replacement band 24. In particular, the braze joints are
typically located at the fillet radii between the vanes 12 and the flowpath of the bands
14 and 16. These locations are typically the hottest locations on the nozzle segment
10 and are difficult to cool properly. The high temperatures at the fillet radii
accelerate oxidation of the braze joints. In contrast, the replacement bands 24 of the
present invention include integral stubs 28 having fillet radii 25 formed as part of the
casting. The fillet radii 25 are integrally formed of the same material as the
replacement band 24, which is more oxidation-resistant than the braze material. Also,
the cast-in fillet radius feature can be cooled if necessary by known methods (e.g.,
impingement or film cooling) more easily than a braze joint could be cooled. The
elimination of the brazed joint will thus improve the durability of the repaired nozzle

segment 32 as a whole.

The present invention has a further advantage in the case where only one of the bands
14, 16 is to be replaced, in that the vanes 12 are not separated from the band that is to
be salvaged and are therefore held in their original positions. The throat area of the
nozzle segment 10 can therefore be maintained more accurately since the repair does
not affect the orientation of the vanes 12 relative to each other. This is important
because the acrodynamic characteristics of the turbine nozzle have a major impact on

the performance of the turbine.

The foregoing has described a method of repairing a turbine nozzle segment having

one or more vanes disposed between outer and inner bands. The method includes
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original bands being replaced. The replacement band is attached to the vanes by

welding. While specific embodiments of the present invention have been described, it

will be apparent to those skilled in the art that various modifications thereto can be

made without departing from the spirit and scope of the invention as defined in the

appended claims.
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CLAIMS:

1. A method of repairing a turbine nozzle segment (10) having at least one vane
(12) disposed between inner and outer arcuate bands (14, 16), said bands (14, 16) each
having a flowpath surface (15, 17), said method comprising:

separating at least one of said outer and inner bands (14, 16) from said vane
(12) by cutting said vane (12) at a location near said flowpath surface (15, 17) so as to

expose a joining surface on said vane (12);

providing a newly manufactured replacement band (24) having a flowpath
surface (26), said replacement band (24) including a vane stub (28) extending from
said flowpath surface (26) of said replacement band (24), said vane stub having a

joining surface (30); and
welding said replacement band (24) to said vane (12) at said joining surfaces.

2. The method of repairing a turbine nozzle segment (10) of claim 1 wherein said
replacement band (24) is fabricated from a material that has enhanced material

properties with respect to the material that the band being replaced is fabricated from.

3. A method of repairing a turbine nozzle segment (10) having at least two vanes
disposed between inner and outer arcuate bands (14, 16), said bands (14, 16) each

having a flowpath surface (15, 17), said method comprising:

separating one of said outer and inner bands (14, 16) from said vanes (12) by
cutting said vanes (12) at a location near said flowpath surface (15, 17) so as to expose

a joining surface (22) on said vanes (12);

providing a newly manufactured replacement band (24) having a flowpath

surface (26), said replacement band (24) including a plurality of vane stubs (28)

-10-
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extending from said flowpath surface (26) of said replacement band (24), said vane

stubs (28) each having a joining surface (30); and

welding said replacement band (24) to said vanes (12) at said joining surfaces
(22, 30).

4, The method of repairing a turbine nozzle segment (10) of claim 3 wherein said
replacement band (24) is fabricated from a material that has enhanced material

properties with respect to the material that the band being replaced is fabricated from.

5. A method of repairing a turbine nozzle segment (10) having at least one vane
(12) extending between inner and outer arcuate bands (14, 16), said bands (14, 16)
each having a flowpath surface (15, 17), wherein at least one end of said vane (12) is
received in a socket in one of said bands (14, 16) and secured thereto by a brazed

joint, said method comprising:

separating at least one of said outer and inner bands (14, 16) and its
corresponding brazed joint from said vane (12) by cutting said vane (12) at a location
near said flowpath surface (15, 17) so as to expose a joining surface (22) on said vane
(12);

providing a newly manufactured replacement band (24) having a flowpath
surface (26), said replacement band (24) including a vane stub (28) extending from
said flowpath surface (26) of said replacement band (24), said vane stub (28) having a

joining surface (30); and

welding said replacement band (24) to said vane (12) at said joining surfaces
(22, 30).

6. The method of repairing a turbine nozzle segment (10) of claim 5 wherein said
replacement band (24) is fabricated from a material that has enhanced material

properties with respect to the material that the band being replaced is fabricated from.
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extending between arcuate mner and outer bands (14, 16), sald bands (14, 16) each

having a flowpath surface (15, 17), wherein opposite ends of each of said vanes (12)
are received in sockets disposed in said bands (14, 16) and secured thereto by brazed

joints, said method comprising:

separating said outer band and its corresponding brazed joints from said vanes
(12) by cutting said vanes (12) at a location near said flowpath surface (15, 17) of said

outer band so as to expose a joining surface (22) on each of said vanes (12);

providing a newly manufactured outer replacement band (24) having a
flowpath surface (26), said replacement band (24) having a pair of vane stubs (28)
extending from said flowpath surface (26) of said outer replacement band (24), each

of said vane stubs (28) having a joining surface (30); and

welding said outer replacement band (24) to said vane (12) at said joining
surfaces (22, 30).

8. The method of repairing a turbine nozzle segment (10) according to claim 7

further comprising;:

separating said inner band and its corresponding brazed joints from said vanes
(12) by cutting said vanes (12) at a location near said flowpath surface of said outer

band so as to expose a joining surface (22) on each of said vanes (12);

providing a newly manufactured inner replacement band (24) having a
flowpath surface (26), said inner replacement band (24) including a pair of vane stubs
(28) extending from said flowpath surface (26) of said inner replacement band (24),

each of said vane stubs (28) having a joining surface (30); and

welding said inner replacement band (24) to said vanes (12) at said joining
surfaces (22, 30).
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properties with respect to the material that the band being replaced is fabricated from.

10.  The method of repairing a turbine nozzle segment (10) of claim 8 wherein said
inner band is fabricated from a first material, and said outer band, said vanes, and said
inner replacement band (24) are fabricated from a second material, said second

material having enhanced material properties with respect to said first material.
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