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FABRI CATED REPAI R OF CAST NQZZLE FIELD OF THE I NVENTION Thi s invention

rel ate§ generally to gas turbine engines and nore particularly to the
repair of turbine nozzle segnents used in such engi nes. BACKGROUND A gas
turbi ne engine includes a conpressor that provides pressurized air to a
conmbustor wherein the air is mxed with fuel and ignited for generating hot
conbusti on gases. These gases flow downstreamto a turbine section that
extracts energy theref FABRIGABBIREPAR OFPASENDZZIE provi de useful work
such as powering an aircraft in flight. Arcraft engines typically include

st at ionar%ﬂ?ﬂﬁ%ﬁ‘fHﬁ%]ﬁ\?rﬁﬁ‘t enhance engi ne perfornmance by
appropriately influencing gas flow and pressure wthin the turbine

section. [Thisninlvéntioht @ted genbialie 660k ittidne édpiddsNtRdNAasE! Retidlfhptcaged at
the entrance, of each turbine stage to channel conbustion gases into the
tur bi ne rBWFOfI“HgE{eé’&ZQSW?DéSa‘W@Fnﬁ%eﬁgizlﬂ-e. Turbi ne nozzles are
typically segnented around the circunference thereof with each nozzle
segnment h@w@@GROR@H nNore vanes di sposed between inner and outer bands
that define the radial flowath boundaries for the hot conmbustion gases
f1 owi ng t W gayHutbine poginé enclifesse cvozmbsos dpteprosides gresvonzledirt© the
engi ne casj o form an, annul.ar _array.wth the vane xt endi radially
bet ween t?iéelﬂg%sit(gr W%‘Ieﬂ?&fégh%fa“édf Jagsd %’Uﬁnb{:“ﬁb aé’ﬁa’g%‘g?‘f\;g’f igﬂ}?aﬁ Wiches
have beenconbRiss Gat@l TRIYgasdsUlldw GonPsEéan SEaMI%e sdcHo® MRat KQADEN
approach, the nozzle segnent is a nulti-piece assenbly conprising an inner
band, an BRREY thﬁ%ﬁﬁ@ﬂawopmthﬁcmréswan@gprow@wsgﬁﬂ werle suchaisipesietingual | y
oatvvhi ch
ends o € vanes are orm the nozzl e segnent
assenbl y. elﬁuancmenginﬁ npeoforma e oty I‘appﬁ)prigﬁalyi giﬂi@neihg %ga@ 3ﬁ6wt:hﬁ lpfea?jre 4
segrment. That is e vanes,_inner band ,and outer band are a orne
t oget her ﬁ'ﬂﬁ%?nthf’ ﬁlrg’é‘f’ép?u%em @E'egt@&st%“ibﬁﬁ. seplifs: BISPIRG AeFAS Hawkcadivant ages
and di sadyané adffice 5P&ach AibARSBge & EhathABRMKstdh dgafs&qnps;% hirBin86toRPPT 0ach

arises fromthe fact that nozzl € segnents are ordinari
located downstream of the nozzle. Turbine nozzles are typically segmented around

the circumference thereof with each nozzle segment having one or more vanes
disposed between inner and outer bands that define the radial ﬂowpafh boundaries for
the hot combustion gases flowing throuigh the nozzle. These nozzle segments are
mounted to the engine casing to form an annular array with the vanes extending

radially between the rotor blades of adjacent turbine stages.

j :) Various approaches have been proposed for manufacturing nozzle segments. In one

‘ common approach, the nozzle segment is a multi-piece assembly comprising an inner
band, an outer band and one or more vanes, each of which is individually cast. Both
the inner and outer bands are provided with slots into which the ends of the vanes are
brazed in place to form the nozzle segment assembly. Another common approach is
to integrally cast the nozzle segment. That is, the vanes, inner band and outer band are

all formed together as an integral, one-piece casting.

Both approaches have advantages and disadvantages. For instance, one drawback to
the multi-piece approach arises from the fact that nozzle segments are ordinarily
mounted to the engine casing at the outer band only, with the vanes and inner band

being essentially cantilevered into the hot gas stream. Consequently, the highest
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nounted to the engine casing at the outer band only, with the vanes and

i nner band being essentially cantilevered into the hot gas stream
Consequently, the highest | nechanical stresses in the nozzle segnent
occur at the vane-to-outer band interface, which in a nulti-piece assenbly
is a braze joint whose strength is generally inferior to that of an
integrally cast interface. The nulti-piece nozzle segnent can al so be nore
expensive to produce. Thus, many nozzle segnents are integrally cast.

Nozzl e Segfmlliﬁnii:ahﬁtﬁasﬁxpﬁ)iminﬁhﬂd segmeesaat anthe Grage fﬂ-@fert&ﬁﬂlﬁﬁ@ﬁf&b‘ée
corrosive s,stream t hat ts . the effective service |ife of these
conponents. é%?mU%lve aﬁ%‘ﬂ"%‘r] Yds & Bgpeigig w %a%eéﬁ?rgg& is geneplly AMEHrde Bat £ rom

hi gh t enpebatayrigte nﬁlcrastomte?fa%ethebﬂﬁﬁﬂ%@&pﬁ&ﬁiel QpteaNdan als6 W LR coat ed
wi th corrosion and/or heat resistant erials. Furthernore, nozzle
segment s af¥PeHriye darmpducsodines mare meatle ysegineiis c%@llnﬁqsraHVrcaéktN%ieed from
the conpr t rtions
of the nozzle Btsseagerrg{r t8 ésefaq%gﬁg?%érﬁg)rn Iti)/fa%h%l Her‘ﬂu}eh %Egﬂé%agic QP,
corroded, Hmdksdkdelfentive sekxiraddd of shesh componentse Arcomlirglys egreotezgmast be

ei t her replred nta| saf.e engi,ne operation.
Because nogzl Cﬁf traﬁltli)cél ?gr‘go%wg?pfrﬁ Fe&105H o é‘?cé(e%a& éS‘fpegqngYsa?rF\/el y
expensi ve ﬁmt(ﬁfenaﬂoSt,ed anth eurdsionEdSr \heatt 1@sigam uhaetidld. GurithbrohGe g0l |y nore
desirable to repair them wheneyv pos bl e. Existing repair processes

i ncl ude t etq#Hicgifed™s B%I"Paﬂg] &Pﬁ’é’g Wé‘i%?ﬁy il H‘i’qlr’é‘ﬁsﬁlén%f‘ltracﬁcésﬁé}mafheon of
airfoil sugdmgesor BWRISHg seveb iﬁé' BlduNG/ith RS lefroft epdméﬂst&%é)}ﬂoéz&ca'

di stortion and under m ni hrum wal |l thicknesses, which are exceeded as a

result of scemgiaadicnlashyihe vanag, @némcw cragkeq, gpmr@d,pandccélsegwe drmaged nozzl e
segrent s ”&%h%&QH@no%%rﬁan{s%ﬁﬁ epéi{ glt n%?ﬁédem}: gﬁﬁl’ AR i r:ﬁQa' red by

known repalr processes her ma resses integrally
cast nozzl éﬁslegrmgilns oparai@uBbcauMozzlb scg’nﬂeats ammpi@c mhhsign, nmdmf band is
repairable ot her n segnent structure LS non-. abl e. Thus,

o avord SEPRKHY sbRke BFRE RESTREalbivedb Meebieft T s EiREhaRO%  wou d
be desi rameelrmmmu&aﬁewmavér@bssm.vagi ng the repairable portion of the
nozzl e segnment. BRI EF SUVWWARY OF THE | NVENTI ON

Existing repair processes include techniques such as crack repair and dimensional

restoration of airfoil surfaces. However, such existing repairs are limited by local
distortion and under mimimum wall thicknesses, which are exceeded as a result of
repeated repair and chemical stripping processes. Thus, nozzle segments may become
damaged to the point where they cannot be repaired by known repair processes. The
thermal and mechanical stresses in integrally cast nozzle segments are such that it often
occurs that the inner band is repairable while other nozzle segment structure is non-
 repairable. Thus, to avoid scrapping the entire nozzle segment in such a situation, it would

be desirable to have a method for salvaging the repairable portion of the nozzle segment,

BRIEF SUMMARY OF THE INVENTION

Herein disclosed is a method for repairing a turbine nozzle segment having at least one
vane disposed between outer and inner bands. The method includes separating the inner
band from the nozzle segment, and joining the inner band to a newly manufactured

replacement casting



Herein disclosed is a nmethod for repairing a turbine nozzle segnent having
at | east one vane di sposed between outer and inner bands. The nethod

i ncl udes separating the inner band fromthe nozzle segnent, and joining
the inner band to a newly manufactured replacenent casting 2 having an
outer band and at | east one vane. The repl acenent casting includes a
nmounting platformforned on one end of the vane and a boss forned on the
nmounting platform A collar is joined to the inner band and has a sl ot

formed t NChRI of NP BiRG'dhd ANEM 'S YRhE T hid-BRe Qleind Ifliddde oMOUNT T NG
platformis received in a recess fornmed I'n her ThRner Band | JoI Al ng is
conpl et ed pujtoignplaifprh Hernedsm dne entief telvaas armhal bods donmzd rhi thgmopdtakf orm t o

t he i nner d. The .t hi ckne f.the coll is.,tagpered, in xi al

di recti on, E%&%fm‘ﬁ‘?oéllaf ’e(;f-'(’lflgds%’otg?rﬁ’&e e[?‘im&ﬁlé?@ﬂ?lal slot Tprgn r%‘?f?lﬂgﬂ}fs SHi51 y

cl earance thich fhs@ttii a6 e s HAO R Mdhnting ¥ SQITA i@ cdiPedtin birdcsds faaRaet thef the
present i nventlj)q%a, there is provided a nethod of repairi ng a turbine
nozzl e segfeft viHgngds parlpted hy Jginmg Bf Spesstodhe spliand be BOMEIShand and

an inner pafém 18 #endB bARKTEOMRIAS! Bthe SHRAL ViR iS4 £kidl ARG ichaRd from
sai d nozzle segnent; repairing damage in said inner band: ang jolning said
i nner banda tedichls fawled imihs ¢pBarte prodideassimbbesteanance adthiadigedmasdmmynents. out er
band and at | east one vane; wherein joining said inner band to said newy
manuf act ured repl acenent casting includes: joining a collar to said inner
band, sai dAcwtdigrto bt aped of the giesinnigveaition, theps ispbvidoé a aicthod nd rdpeiring t aper ed

so as to have a greater thickness at a first axial end therepf .than at a
cocond axi SIERERPHIE SaeRent Bavide p Itk ons 3P Eisenrechlercen an ouisrdaptand 1 g
r epl aceneninng daid| g iethel Gaipdsih® eQlaMtinthailiigles badd GomisAll RdAL ssilel; vane of

- said replacenent_casting to said collar and to said inner band. According
to a secondPadigsemagyinsfdingerdand; and jpipagsaid poenbaed i angwlymppifaeared et hod of
repai i ng @pihddfddhid&stn ﬁa’vlir%aﬁ%&@ﬁ% ! : | ed

bet ween an@pout er ban% and an innecrlg?édﬁg,gstglglfv éfre“?ﬁf)egnj(@?rg Fésiéliﬁglgls

separ at i ngrasditeisaidneylyean fichued rephiceiners zasting Belydwsnoiningraxellditngrid newl y
manuf act ur, casting. havi an, out.er band and pne or nore
vanes, eac \7%%@’ %ﬁggcgflg}dh arvéllﬁlaarg%ﬁ‘{amrﬁs@gg |eﬁéheﬁ%{{}|alﬁ(gbe ngtﬁ%eﬁ?fﬁor?@%pl atform
formed on lemea grdet thixkeas atnfistaxibasr] tasolten ara ss@ind axivlend thegof:

- inserting a portion of said vane of said replacement casting into said receiving slot; and

Jjoining said vane of said replacement casting to said collar and to said inner band.

According to a second aspect of the present invention, there is provided a method of
repairing a turbine nozzle segment having one or more vanes disposed between an
outer band and an inner band, said method comprising: separating said inner band from
said nozzle segment; providing a newly manufactured replacement casting having an
outer band and one or more vanes, each vane of said replacement casting having a
mounting platform formed on one end thereof and a boss formed on said mounting
platform; joining a collar to one side of said inner band, said collar having a thickness
that is greater at a first axial end thereof than at a second axial end thereof; forming one
-recess for each vane of said replacement casting in another side of said inner band;
forming one receiving slot for each vane of said replacement casting in said collar; for
each vane of said replacement casting, inserting said boss into said corresponding
slot and said mounting platform into said corresponding recess; and for each vane of

said replacement casting, joining said boss to said collar and said mounting platform -
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platform joining a collar to one side of said inner band, said collar
having a thickness that is greater at a first axial end thereof than at a
second axial end thereof, formng one recess for each vane of said

repl acenent casting in another side of said inner band; form ng one
receiving slot for each vane of said replacenent casting in said collar;
for each vane of said replacenent casting, inserting said boss into said
corresponding slot and said nounting platforminto said correspondi ng
recess; and.for 6ash.@ane of said replacenent casting, joining said boss
to said colfar and sald nounting platform3 to said inner band. According
to a third aspect of the present invention, there is provided a turbine

nozzl e segnment conprising: an inner band; and a_replacenent casting
i ncl udi ng atecetting togdhind aspaef of the nsesent ipyratipastherd isspowidel! dartimsarwzdai d out er

and inner bandsy cMAGERL SRl bardd AR ' ' e epai red
structure and sa?d rgpgacenéh? gﬁ%?ﬁﬁ§@FQX&%%g%ﬁﬁ%gﬁﬁk%gﬁﬁf%g§§?W£cture,
sai d t ur bi radableadtens segrestitposwhiptiveinngidouteland inneabarsishelieréio saidcol d si de of

said inner . h hickness.of said col]ar being tapered in an axial

di recti on. IR%E%B?%ISS rﬁ%w?ur?\tye%stelag% aRd r?qsgm %5%?‘3%65%%@@?“@&8“8?‘? B art will
becone apparety mapdactutcd agidngref fakl ditHihonizal sdghaitlcetiptdsg ki icpllaron and t he
appended cl ai with reference.to th acconpanyj ng draw ngs. BRI EF

DESCRI PTI QRO EpiAREE#Hhinner band e diekriess 4fjsad cplar; HRrRePHE t he

i nvention iag aRAI Gircetb@r | y pointed out and distinctly clained in the
concluding part of the specification. The invention, however, may be best

under st ood reference to the follow ng description taken in conjunction
with the azﬁ%nﬁsaﬁﬁymaﬂﬂapém 35 SATRFREN R Herron SHTRY eeoe ApaEnEEpect | ve

view of anreadifii iR fldwihaa&hika d@@ﬁ?ii{ﬁl ARIAEHpended SWi8s Rith Sef@eRQNtS BRCLI Ve
view of the inner band separated fromthe nozzle segnent of Figure 1.

Figure 3 i%m@nH@W@Béﬁwm%ﬁ-vieM/of a replacenment casting used in the repair
met hod of the

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention is particularly pointed out and

distinctly claimed in the concluding part of the specification. The invention, however,
may be best understood by reference to the following description taken in conjunction

with the accompanying drawing figures in which:
Figure 1 is a perspective view of an engine run turbine nozzle segment.

Figure 2 is a perspective view of the inner band separated from the nozzle segment of

Figure 1.

Figure 3 is a perspectivé view of a replacement casting used in the repair method of the

present invention.

Figure 4 is a perspective view of the inner band of Figure 2 having a collar attached

thereto.

Figure 5 is a perspective view of the inner band of Figure 4 after machining thereof,

. Figure 6 is a perspective view of an exemplary collar for use with the present
invention,
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present invention. Figure 4 is a perspective view of the inner band of
Figure 2 having a collar attached thereto. Figure '5 is a perspective view
of* the inner band of Figure 4 after nmachining thereof. Figure 6 is a
perspective view of an exenplary collar for use with the present

i nvention. 3a Figure 7 is a perspective view of the replacenent casting of
Figure 3 after machining thereof. Figure 8 is a perspective view of a
repai red Figuse Ads poempectise gvnof theirgpineentent sasting ofi Figuged afier spddtinge vi ew
of the IHBE%EE?nd of a repaired turbine nozzle segnent of Figure 8.

DETAI LED PTION OF THE | NVENTI ON Referring to the draw ngs wherein

I dentical reference nunerals denote the sane elenents throughout the

vari ous viFegse 8 H apurepettied e of atrediied eurbieHogzls egpmmant. 10 having first and
second nozzl e vanes 12. The vanes 12 are di sposed between an arcuate outer

band 14 apd an_arcua e | ner band 16. e, vanes 12 define alrf0|ls

conf i gur el'8E° A8 445 IPRPCHYS WY 4f] ﬁ&%?ﬁo‘l@fil A Tepadied twging nogglgi ne
rotor (note @nghgcggt ed downstream thereof. The outer and inner bands 14
and 16 define the Touter and inner radial boundaries, respectively, of the
gas flow through the nozzle ment 10. The vanes 12 can have a plurality
of convenPEd] MEE@@E$WD&OE%%H\TVEN§I®N@ edge slots 20 forned

therein. Cooling holes are nost typically used with first stage nozzle

seqent : Rty 1 AP dINARLE HEAP RIS I ORLMY RN ol IE

cooling ho zz egnen quallty
super al | oglgmenta chroaghcart dimb@driou@ VigWsg @egurmsﬁdws apebid @()Zzlﬁ'iémyl@e coated

h a coyrosi resi st terial_and/or a thermal  barrier coating. A
S turbi §rsr‘i ﬁeFOI}adge?%?Ef‘eV%rwﬁ B urtheivapeso2 sk Aispetsdebriweeany r anged

ci rcunt e @8dtlobir iind 144 UhPhre AR T 1ARN 3B, THEvinfs! 12 dEARAATOIIE NOTS Of

the present invention are described herein with respect
configured so as to optimally direct the combustion gases to a turbme rotor (not

shown) located downstream thereof. The outer and inner bands 14 and 16 define the
outer and inner radial boundaries, respectively, of the gas flow through the nozzle
segment 10. The vanes 12 can have a plurality of conventional cooling holes 18 and
trailing edge slots 20 formed therein. Cooling holes are most typically used with first
stage nozzle segments; later stage nozzle segments ordinarily do not utilize such
cooling holes. The nozzle segment 10 is preferably made of a high quality superalloy,
such as a cobalt or nickel-based superalloy, and may be coated with a corrosion
resistant material and/or a thermal barrier coating. A gas turbine engine will include a
O plurality of such segments 10 arranged circumferentially in an annular configuration.
While the repair methods of the present invention are described herein with respect to
a two-vane nozzle segment, it should be recognized that the present invention is

equally applicable to nozzle segments having any number of vanes.

During engine operation, the nozzle segment 10 can experienée-darnage such as might
result from local gas stream over-temperature or foreign objects impacting thereon.
As mentioned above, a portion of the nozzle segment 10 may become damaged to the
point where it cannot be repaired by known repair processes. The present invention is
directed to a method of repairing a nozzle segment in which the inner band is

repairable while other nozzle segment structure is non-repairable. By way of example,
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a two-vane nozzle segnent, it should be recognized that the present

I nvention is equally applicable to nozzle segnents having any nunber of

vanes. During engine operation, the nozzle segnent 10 can experience damage

such as mght result fromlocal gas stream over-tenperature or foreign

obj ects inpacting thereon. As nentioned above, a portion of the nozzle

segnent 10 may becone damaged to the point where it cannot be repaired by

known r epélie vanesd@ésseshowihes Pigesehtas ihaviagtdxtesive dantihge sichdast 10 s met-hod of
i.,ch the inner band is whi | e

repairing_a nozzle. nent .in repai. rabl

ot her noz ?péurgélﬁ r‘@r@%g‘? PB&WQ%J’%G?}??%W%I@%?% r%fa‘résg & 4 the
vanes 12 preedlavéntion if @ Splicasie h@mtggawaﬁnabyﬁe SAIRGEs PUEBAG bEO be
non- repalrable while the inner band 16 has relativel'y mnor damage and is

r epai r abl Esedywigh othertypen ofineyalasegmentsaswell. applicable to integral iy cast
nozzl e segnments, but could be used with other types of nozzle segnents as

wel . The | ' - [.ncl of i t he

i nner bana‘l:l %g%agro%g&l?ﬁgnd%@g Itﬂgeeéréltéﬁé%lfs% éfg ,Ofg%%l'i’f@?@ﬁéf 6%6?2%%@ ﬁ[es flgcﬁrrller band
16 to a speciczleysegmenghlcind themfoinimgritié anterbasd ¢a3b iangpetialy desiphalbes t he
structure fr@m whi_ch tﬁge i.nner b%gd 16, was renpved.  As_seen in Figure 2,
the sal vaBEasImanulaesreq saxting dhat replaces the siraghye whighthe fippier parg h¢ anay
from the haé ra@sell] AWR_EDIN B ' ; ' i ; y hot gas
f1 owpath), and incl udes convg*ﬁteiazdggél Sag{tf%ﬁﬁltﬁﬁglg{eggac@ %h%%gﬁggiségggz%nd dunp
hol es 28. (tfhgide fagingeawaydiqm i fde gas flawpathpindsaihpeide 2o(theside facmg thand 16

and al so r Qvi eald.ng function.when the nozzl e,se t 10,is

st al | ed® (ﬁrf’% \gn g‘ﬁgﬁeﬁ‘dﬁﬁg‘“d%?uﬁ%“ﬁ‘aﬁ‘%’é‘f%“&% *ﬁbaﬁg%%g% i YR 00l i ng
I exi t shdlbe28.ntThenfiingeO 26 ipheyida seadeal siipott® 18 ififer bandN@Naddnsdr0zz1 e

segnent is int act.g}l;li}%gre 3 shows one of the newy manufactured castings,

whi ch i s PaVideaaesl stionrwhen he 30z11p segragnt 40 dninstalled én pmgngne. Thhe
r epl acenefiims aisikd » Wl £ scri:-hed. i 0. i LS an
integrally 1gast p?g%ce)[hﬁaw n%bsléﬁhou éeb:c’hgggﬁ egg%gn%\%@gé%g% @%ag re
speci fi cadfithe vadws li2nihdnathe abeqle ségunde iy mpat.r Figatd®chdws dboe bhdpaeewlyengi ne

I t t d. f t field f i Ci to identif h
' ;g Smr;ﬁtz g rﬁﬁmﬁﬁ%&%ﬁ g%sé{ngs,u“r&g& is l‘[e%glna §' reig'egrec? to gsr th%%p\)/llaté:én?e%t cgstilng e3r(1) ‘1Y ste
The replacement casting 30, which is described in more detail below, is an integrally

cast piece having an outer band 32 and two vanes 34.

More specifically, the initial step of the repair method is to inspect engine run nozzle
segments returned from the field for servicing to identify such segments 10 that have a
repairable inner band 16, while other nozzle segment structure is non-repairable.
O 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. The
next step is to repair cracks in the inner band 16 and perform dimensional build-up of
the flanges 26, using known repair techniques such as alloy brazing, alloy build up,
welding and the like. These conventional repairs will be carried out as needed
depending on the condition of the inner band 16. Any corrosion or thermal coatings

that were originally used are not reapplied at this time.



repairabl e i nner band 16, while other nozzle segnent structure is
non-repairable. Once a suitable nozzle segnent 10 has been identified, it
shoul d be stripped of any coating materials (such as corrosion or thermnal
resi stant coatings) that nmay be present. The coating material nmay be
stripped using any suitable technique, such as grit blasting, chem cal

bat hs, and the |ike, a conbi nati on of such techniques. The next step
is to repalNextcthainosr biﬁldtlléls iprapered ferjdinirg tanlke jspletement ¢astingsiOo e fissii | d- up

f th fI h b ]

o o | B8 kS KRR B kTS P AP EO T |
carried ouhnasbanéedmdsxdeiebamdhm anFigaee Z.0MHe pocltet Gb ik Fermodngoubhd 16. Any
corrosion goel coatin that were originally used are not reapplied
at this ti P @aﬂqq%éehaﬁvéy shydlqy- 16he dumyy glay %%Of pthe] datpmgeatizst he

repl acement, GRS bf i n%QzleI éﬂtrlﬁtc%éﬁé ﬁ&d't&‘g&ﬁﬁoﬂ ﬂfé%cg)l%@&'to%gaﬁﬁ@ﬁahon Is to

machi ne an arcuate shaped pocket Into I nner band co side 22 as
shown i n Fiogket862. The pocket 36 is fornmed around the dunp holes 28 and is
relatively shallow. The dunp holes 28 or other datum I ocati ng features of

t he nozzl used t osi t d to hlne t he
pocket 366[}'% ”ﬁsq‘?(lf lsqf)g?)cqﬁ‘gelfic? (foilékg%\gq %e eitggras@ O‘EVB“? Dekdt®36 as

shown in FoPatr38 4 a blbek oqualrdlaﬂarf%ﬁnp@icﬁm&hmkv@ arsaffaeé:ﬂlhafntafawmﬁit@ns and
havi ng a surfa]c(e that interfaces with _the et 36. Thus, the pocket 36

s provi deke Pasketaig: | Mt thopeakdt A tnprovided sofrkitatageasivg afias kit 3hiped col d
d 22 0 3 th
Si de 22 ol i APLoIP 3R 280t D PbAAN o oS8P Blok R SRE oF the

shjns simlar mater as t erial
t is dherpend bt einfitr maieniilreg the ibrdve bandd6 dramoledd g nidnerial ejdtds emrent

casting 30. Jai the collar 38 t he, inner. band 16 before the rest of
the nozzl 8"‘38%4}?&%?09161“}“3% tPethB gwﬁ%ﬁ gk the gpplaremend casis; itheloilagd 16
whi | e t he e 88 thePbMd s Eé}@{e%é RRFor Hle 8653108 Y8 i RKR VR ace,
avoi ds war pi g or distortion durlng6 he tack wel ding ™~ process, and

- sinplifiesr stsupparhtp theginnee banek deleﬁbeenmglmmganm@mngawtrmns The

' ;(rjlclu:'[ e3|8ﬁés%n§§(? nbd\% iRL %le%%t %\II(l)ldsl r\}vagﬁlgg d6 StOI:{'-l u?'}nlga{he3t%cllc Swe(i’(?lner ally

process, and simplifies the tooling requirements for holding the inner band 16.

The collar 38 is seen in more detail in Figure 6. The collar 38 is generally arcuate in

' shape to match the curve of the inner band 16, and has a radially outer surface 39 that
mates with the cold side 22 of the inner band 16, and a radially inner surface 45.
Receiving slots 42, one for each vane 34 of the replacement casting 30, are formed in
) the collar 38. The receiving slots 42 serve to receive and align the radially inner ends
of the vanes 34 of the replacement casting 30, described in detail below. In the
illustrated example two receiving slots 42 are shown. The receiving slots 42 may be
initially formed to smaller than their final dimensions and then machined as described
‘below. The collar 38 has a thickness, denoted T, measured in the radial direction.
The thickness T is chosen to provide an adequate surface area for brazing the
replacement casting 30 to the inner band 16. In the present invention, the collar 38

- incorporates a taper in the axial (longitudinal} direction. That is, the thickness T of
the collar 38 is different at its axially forward end 41 than at is axially aft end 43. In
the specific example shown, the thickness T is greatest at the axially forward end 41

and decreases towards the axially aft end 43. This taper, in conjunction with other
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shape to match the curve of the inner band 16, and has a radially outer
surface 39 that mates with the cold side 22 of the inner band 16, and a
radially inner surface 45. Receiving slots 42, one for each vane 34 of the
repl acenent casting 30, are forned in the collar 38. The receiving slots
42 serve to receive and align the radially inner ends of the vanes 34 of
the repl acenent casting 30, described in detail below. Inthe illustrated
exanpl e t wisatuegsedesénitgpd Hebiivg, allpwartbe soltam38 6He: used ao wapyristhetjsing 2f they be
initially formed to snual Ler than their final.dinensions, and then nachi ned
bs. deecr ! bERlaoERpS ol BF ispdband, hweﬂﬁéefel,% AdtaateTCleHaAS r ed i n
the radi al peiwe@CiheGfiner bhRE 16MHAKME 3djalert oRlPOREs bP IR éﬁ%iﬂe(n_%@ sRelgguat e
surface area for brazing the replacenent casting 30 to the inner band 16.
In the prewhenthe repaived agrzle ssgmenlis installgd. i ncorporates a taper in the axial
(longitudinal) direction. That is, the thickness T of the collar 38 is

di fferent ' Ead | t i | all ft 43. In
the speoi f Tie e s 1o sl M Bl Wil 8 vl e o,
forward erBepddatiomnd acmnrpdialseisby esmphdsutiine ttaxhgh boythafhee 2l néd: thehingert aper,

I n conj ung}tign]sq\svi EJE‘FOt her 6 geatu es %scri bed below, allows the collar 38
to be used3Pd YupgdftCUNE FU RE RSFIOFA Ve%yaﬁ‘é’r’t‘é?ﬁm@hﬂqaﬁ@ saeh @ Ahe i nner
band 16 whibkRivee bt "Ihaf QHURLE cGVRRIGHE SmediRt mn%%&' raib@ahe16 and

t he adj acent conponents of the engi ne (not shown) en the repaired nozzle

segment i gngohining. | Afler separatiax thegineglvageable stregtareds ecrapredi nner band 16 from
the rest of the nozzle segnent 10. Separation is acconplished by rough

cutting t t nner band 16.. .The cutf.ting can be
et f o wed Tsiutans BE o YANRSS dhe DBE dodd o M0Reoc A pidio B opblitn dncel o
non- convertié firsabporEiuns twolfdtessss 40 atfoinedl indhe Bhasidie24 swbiiienBand . er
separatio t he unsal \éﬁgeabl e structure is scr_aﬁpled. Referring nowto

P

Figure 5, fdrRsET afdhe racgssen d8rappeaximalss the nepnéperoftthe yanes 3. ¢ he
first opeil hE& . r > ' ' . rthe i nner
band 16I.o @}{ﬁéﬂ %fg? id\rrglt er gyg%@éégg%e@g@gm%@g#&re %){%F#g? %@1&@%@%@ cont our

of the vadesh®ge machmep(EEIM) each raessed0.0f THiorisraogpmplished nibinigl ars ERMd

regesses- %Recl{:rgdet ﬁa\ﬁlllgu ﬁgeeai?%oﬁcs %galThe electrode is plunged only to a depth that
removes the flow path wall and does not plunge into the support flanges 26.
However, the recesses 40 will break through a significant portion of the inner band 16
at several locations, as can be seen in Figure 5. The collar 38 is wider than the
recesses 40 such that it overhangs the inner band structure and cannot pass through the

open portions of the recesses 40.

The dump holes 28 or other datum locating features of the nozzle segment 10 can be
used again to position the EDM electrode for the EDM plunge operations. The EDM
plunges for the two recesses 40 can occur along two non-parallel axes or along
parallel axes. Because a turbine nozzle comprises nozzle segments arranged in an
annular array, all of the vanes define radial axes that converge to the engine's
centerline axis and are thus not parallel. By machining the recesses 40 along plunge
axes that correspond to the radial axes of the respective vanes 34 of the replacement
casting 30, each recess is oriented so that the respective vane 34 can be properly

seated therein. However, the EDM plunges for the two recesses 40 can be also be



di scharge machine (EDM) each recess 40. This is acconplished using an EDM
el ectrode having the airfoil shape. The electrode is plunged only to a
depth that renoves the flow path wall and does not plunge into the support
fl anges 26. However, the recesses 40 will break through a significant
portion of the inner band 16 at several |ocations, as can be seen in
Figure 5. The collar 38 is wder than the recesses 40 such that it
over hangs dbh&oh lebad i _ . en
portions of the&)?ﬁ[écesses lﬁ%.w'gréﬁggegjprp%ﬁg?ée%e%g%r %t% %g?ﬁlg%téﬁ)% ?)% T ng

f eat ur es #fachifed fibthelcombinpdemachining epertiion desaibeddalow.t o position the EDM
el ectrode for the EDM pl unge operations. The EDM plunges for the two

recesses . t ngn- par.al | axes or 0 parall el axes.
Because. ot UFabseition RE dpdshiorl %1855 P Soiiihefe rdled gareiidinedannul o
array, al to tkirtfinal diamesiofel The rdcaiia sl dxhal 1SARYEIESudhGhE BSIANG! Ne' s
centerline axis and,are thus not parallel. By machining the recesses 40

al ong pl ufifbaregeasrally ahigacd, with therlgcationiofdhe danpholess’8, whidhtare raspedt i ve
vanes 34 gheit r , .cast . rnLscess i s ofiented.so that
the respecti vé;ﬁl\?alﬁ%hglgﬁggﬁ&gté&%ioper egg‘“élggsg"g 4?@8?5158.%6%%5@% e Epu
~ plunges f Gnaltdimensions cplangsEBM. c hnthixecast, 10t foceifirdoiiets 4D abdfodb@bnaxes i f

t he recesses éo and_t.he rgcei Vi rg’%éﬁé ots 42 in the collar 38 are machi ned
in the coRBRi&dfkchRiCAYbe peomplished o scngle apsrationsing dal elpstrades o d
machi ni ng rodté GRapel MEhd RLBIVH I A2 bkt | - ar chi ned
to their ?Iigﬁgl? di mer%)s‘?i ons. The rg;%gti%v{fﬁngres o%lgklig%ex éﬁggt?lgagﬂoglc&y “hr ough
@e col | afepBgememdcasting g evlich yis alesgited ini tlor¢ Hetailobelbwon This s&@ndunp

ol es 28, .ch _are removed, during,th chi ni ng .operations.. The receiving
slots 42 Ig\gér}hgjllﬂgo P%%‘“P%fﬂ%ﬁ*’? SOIPiHQP‘? “”&ﬁ tgglé}ﬁﬁ RACTINgR OPERRtipN @etrasibev | n
this casesboyebly usitged wiohor sdrbifatid & BofsOviEN réi‘{i‘eseﬁfiﬂlélcloﬁjbiﬁ%ﬁ]ﬁﬁoﬁl-@i S can

be acconprg ﬁged in a single operation using dual electrodes o appropriate
shape. T cECEISRY 491 #ids thpp regeivingshaty 42 mougted rtot a itoalt boldert iI6rthef t he

| - Aski Lehgis | bed, i e.detail b Thi
Cotond. iR SR de PR B RS AMPT I Bl e TR g

_oper at i orreckigiogistéid2 are machined on parallel axes.

The replacement casting 30 also undergoes some machining operations prior to being

joined to the inner band 16. Referring again to Figure 3, it is seen that the

| replacement casting 30 is an integrally cast piece having an outer band 32 and two

. vanes 34. The outer band 32 and vanes 34 are the same as those on a complete nozzle

segment 10, including the same internal cooling passages. However, instead of an

G inner band, the replacement casting 30 has a mounting platform 44 integrally formed
on the radially inner end of each vane 34. A fillet is formed at the intersection of each

mounting platform 44 and vane 34 to reduce stresses. Each mounting platform 44 has

a raised boss 46 integrally formed on the underside thereof A dump hole 48 is

formed in each boss 46.

As is known in the art, complete, integrally cast nozzle segments, such as the nozzle
segment 10, have three primary datum points, one of which is formed on the inner
band. These primary datum points are used to inspect the nozzle segment for
qualification purposes. Accordingly, the replacement casting 30 is cast with a small

flat or datum surface 50 formed in the edge of each mounting platform 44, at the front
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above by using a tool or conbination of tools which represent the conbined
profikes of the recesses 40 and the receiving slots 42 nounted to a tool
hal der. 1If the machining steps are conbined in this manner then the
airfoil recesses 40 and the receiving slots 42 are machi ned on parall el
axes. The repl acenent casting 30 al so undergoes sone nmachi ni ng operations
prior to being joined to the inner band 16. Referring again to Figure 3,
it is see foRstdne ' ' Il v .cast,. pi ece
havi ng anrﬂ(l)ét}tagtf %%f%gagﬁgﬁ?ﬁgb vanedsnggﬁﬁ%lf%gdgafdég%g{r@@é“ae I\P%nes 34
are the sdherephicemoysassingd0do bplinspectodand gualifedgment 10, including the same
I nternal cooling passages. However, instead of an inner band, the

repl acene |- has mounting platform44 integrally. forned on the
radial ly %ﬁ%ﬁgg 8%9%38?14%3%6 ‘:‘ﬁl’?"’ﬂfﬂﬂh?lr&iﬂ SIS SPaRTAS the alf%él IE¢RSESsect i on
of each dOumit Rge PuiidselyMbvdsiaa] VERG, He LRpLEFHGE Shiifs 39S E@g& mounti ng
platform 44 has a raised boss 46 integrally forned on the uH%er |(§e
t her eof . Rrelimpanygpeachirgng,ssuck g8 M ar sillingh s send®re exsedssstackomaterial.t he art
conpl et e, vpt I {s, ch as the nozzle segnment 10,
" have thregih grslﬁgraéféﬁ attcag?ntnba'oaﬁ%lt% é%r%ﬁ%n% ev\,ﬁlll‘illﬂ’o gmfsélré%'@?f (btﬁt%{aﬁ’éo"}“ﬁggr band.
These pri phitfprdad4 andtbie ptimatees ofihelbbRed #6 PAS bhdWitinTg#t g, ARPMRIYrmE OF
qual i fication ﬁurpoa%s. Accor%hngly, t he repl acenent casting 30 is cast
with a snif Bre figedito &if into the Aicfoil retesses 40.rand thaaibasses49care siged tor fitdatertheount i ng
pl at for m ddeivitte 1088 4br : | 0_functions
as the thi rgl prgi mary d%&%@g&% gtggglo% ﬁ%h%%e%@ééﬁ%%n?‘;%é% F’rﬁéﬁw to be
igqs pect edflatsd>quehich i asel noTlwageronexrded after ahé aepiacefdenh @usindpp0 Gk TREL! Y t he
ame shape t.he, airfoil recesses 4Q, but are_ purposely qversized. Thus,
the repl a%%aﬁgr?fl‘ c‘%@tqfntge%OS“ﬁFﬁﬁ%sr Y§nachined, prpatailsl %rﬁoﬁ%ﬁ& vyige B4as EDM or

mlling, Thuy, GHOMRS&MELE ' : t chi ned
g 8 8 ofib@ed 16TBL istaAled intbNfe %E%$?ﬁ ha w%fﬁ M8

are the edges and bottom surfaces of the nounting orns and the

per i met er 85omaghigedsesthesame paallclstronnlfithe Pisgesr46 Were tnimehipled oh themadiali4 ar e

fs: tze?nt 8 ‘I{”ﬁ% dfthe rddpEetfe Jakd 34 ShieR Shsy 313 v "SstB0SP BRo 15 o8 by, zed to
' because the converging surfaces would bind given the height of the bosses 46. The

mounting platforms 44, which have a significantly smaller depth than the bosses 46,

. are received in the airfoil recesses 40.

Also, dump hole pockets 52 are formed into the lower portions of the dump holes 48.
The pockets 52 have a shape similar to the dump holes 48, but have larger lateral
dimensions, and extend only partially through the combined thickness of the boss 46
and the platform 44, whereas the dump holes 48 extend completely through to the

"
(A ;
e

E

interior of the hollow vane 34. The pockets 52 are formed to a cross-sectional area
and a depth that will retain the flow and velocity of cooling air exiting the respective
vane 34 via the dump hole 48. That is, the dump hole pockets 52 are sized so that the
cooling air flow and velocity will be the same as they were in the original nozzie
segment 10 (which lacked the bosses 46 of the replacement casting 30). The pockets
52 may be formed by plunge EDM, along the radial axis of the respective vane 34.
However, the dump hole pockets may also be integrally cast into the replacement

casting 30, so that no separate machining step is required.



receiving slots 42. Machining the edges of the platforns 44 al so renoves
the small flats 50, which are no | onger needed after the replacenent
casting 30 has been qualified. Al of these surfaces are nmachi ned on
paral |l el axes for both vanes 34. Thus, the bosses 46 are oriented to be
installed into the receiving slots 42, which are also machined on the sane
paral l el axes. If the bosses 46 were nachined on the radial axes of the

respect i VARARRSmAhininppetaBis &@%&gf&éaé@ ihﬂéﬁﬁhﬂq@ ahd .tfegfac@h&{ts 42

because the converging surfaces would bind given the heig e bosses
46. The AeAEBAGrpsaembledto frm awepainedvenzelesegingnti 34 shawnliy Figued 8 eAsdept h-

than the r i i he airfoil recesses 40. , dunp
hol e poc k?@é“g@ ai)?)geﬁtgfﬁi%@ﬁﬁ{%?g ﬁ’élgl W?%Slf‘lf’l?to‘fﬁmlﬁ §¢FF§’ %ﬁ%ﬁlﬁ‘iggs 48.

The pockeirmstalizhgthe encunting Ratforis 14arintootht RErreipdRANAE BFoif Rocedd U0 A@VEe! ar ger

| at er al lc)li rreniﬁie_ons and extend only parti al Iﬁ/wt hrough the conbi ned

t hi cknessbewes Heinfthe cagetppnding reqesying dotsdh2m The pavth aredhen joinsd degehenol es 48
ext end cogpl u t | Lor .of -hol vane 34. The
pockets 5 alf&eﬁ*n?r tr?gfél%t %}ﬂ%a fglrl%@-gsieng%r?%h%l th%r giao%gﬁ%l Q%ﬁgﬁmjim&ﬂ |
retain thintérfages anthe\iser biahd hotf sidodd, itegcoliat-bevsiihterficds drtRs BakkiiRr vane 34

via the d hole 48. That is, the dupp_hol e pockets 52 are sized so that
the cool F‘ﬂ'@ ‘Q&FS‘F? St %ﬁml%ﬁ’&‘i £91d5idq 24 Bopding may he apeaplishedin & t he

original gfw&hionab GEARRE shBh (a8hbabinka i T acenent
casting 30). Thélépockets 52 nayﬁ%ghf%lr(%n%é&lgg %ﬁ‘éﬁ ebé%*}?é 81.% %ﬁ&ﬁﬁ% radi al
axi s of tpisfargd v the themml Zmdienkiothet the, parhwilt beexpased tpdaking sngny al so be

| into t I . ' 30, t hat t
(achi i ng 2R Sledutiifh IoaREAPaAon SRR i Ry EleralibheIF 88ompl et ed
the innerthbadoss 46 anhe nemtéf%ammtappwﬁ%@m@)@l@_n@oﬁﬁaﬁg?ﬁﬁfo}lﬁ- forma

repai red nozzl e segment 54 shown in Figure 8. As indicated above, the

i nner ban@nerebaad duieHacese fPm inenid sida i hrpzeellay & applieditd edllasyboss asdt al | i ng
t he nmount] g r Wy I ondi aiyfoil recess 4Q and the
bosses 46éoirﬂ%¥ ghtgﬂ%&ggﬁtf ﬁ%ﬁ%hf}?’ﬁé&%% |1\§$$1é§1 pg?coepgnﬂf{‘mﬁ?epﬁ ﬁ?%e%é’fl t hen

j oi ned t dheirver bardy! grdhdgraztding the foll owing interfaces: the nounting

- platforminner band
After the braze cycle, machining operations are performed on the collar 38 to provide

the required clearance to the adjacent engine components (not shown). The radially

inner surface 45 of the collar 38 is machined in an arc having its center around the

engine centerline, generally similar to the arc of the inner band 16. This arcuate shape

is seen in Figure 3. Also, a relief 47 is machined in the coﬁar 38 and a portion of the

‘ boss 46 of one of the vanes 34 (see Figure 8). This relief 47 is a shallow groove or
O pocket which provides clearance for adjacent components that would otherwise
interfere with the collar 38 (for example a nozzle retainer 56 having a protruding

feature 58, as shown in Figure 9). These machining operations are performed after the

braze operation described above to avoid discontinuities in the joined surfaces, but

they could also be done before the joining operation.

Lastly, any corrosion or thermal coatings that were originally used are reapplied in a
* known manner. The result is a repaired nozzle segment 54 having a previously used
section (corresponding to the inner band 16) and a newly manufactured section
(corresponding to the replacement casting 30). The collar 38 provides structural

reinforcement .to the nozzle segment 54. It also provides a secondary retention
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interfaces on the inner band hot side 24, the collar-boss interfaces, and
the collar-inner band interface on the inner band cold side 22. Bondi ng
may be acconplished in a conventional manner such as brazing or welding
al though brazing is generally preferred given the thernmal gradients that
the part will be exposed to during engine operation. One preferred joining
operation would be to first tack weld the collar 38 to the boss 46. The

next step fudtded DiguttiQ 1ﬁ|ﬂ{é| iﬁoﬁﬂi Bt -idder tbgﬁ W?ﬂlﬁgﬂﬁhﬁé %ﬂgr ner
a e

band interfaces. On the cold s 22, braze oy Is app to co ar - boss
and coll éﬁ‘ﬂlﬂfiml@ﬁfefﬁath@lvm éﬂﬁ@@@@pafﬁhagm&mlmnarsban&éﬁbpctaaseﬁlelcnlla'

ner._hand..1 d br fter the braze
I:;E:ng:enacﬁ?ﬂr}ll%ﬁ r%B %geeﬁﬁ%{h% caglar:.%rgeﬁ%r&b]c&g@élg &H"F‘F@atgﬁmngf @% ]tég provi de the
required clearance to the adjacent engine conponents (not shown). The

radi al |y Inoneembotifnante théTeplhcentent Caatihg 30 38fabficA@TRbMAAe bdindaRtigl f{Kavi NY
engi.ne centerline, generally simlar to the are of

t t
It hZ fﬁﬂe?hﬁgﬁggﬁmﬁm to prodiied & reREpe nozge segment n‘34thgﬁ pogains thay rs?ien@l re } i '?];1
47 mac t r 0 0 e o e
vanee 34 PiRfiesdr heelahitozR Rpfteft B HAE if BonloSTotmale
whi ch pr ovéplassmehie easting S0f Isrfahﬂqmez,’erﬁtbnnarmfthﬁnt gnatdifal, tmfﬁrﬂaISTghﬁd’IWy

terfere,wi.th t [ nozz e retainer aving a

:OP ot r udi n§"t F%S’E}{?Pgecg@ateggls%rﬂé AT ﬁﬁﬁ%‘éﬁgfase saripg & serviep bisefat i ons
are per f onrmd tabinerenkliR coRfpdaEntANEE 8t KR IRSE \ééd IEmﬂ O}%‘é%‘lt le

di scontinuities in the joined surfaces, but ey Co one before

&he j oi ni Ay usparith sush. COEH)QWIW a@r@evcb)pﬂﬁs fI‘macdltwnaﬂy,eenmhe opml storsgeoiltiat Werg
_ i gi nal | S d re lied in a. kngwn manner e.resu a repaire
nozgl e sega}?}eénf %;1 AV ﬁg e SPROPEEL Vb sgv g‘@’é?‘?“&ﬁg Eaf!?PP%tgé)otlFﬂT‘n@et o the
i nner banimpiGyedasitbyetonextize theenliaactd itbre pidpeRies ( FRIWRSH Wy HabGcaifot he
stl ng 30). The collar 38 provides structuradl = rei nf ofFcenment

I t
'[gpt ﬁgeﬂﬁﬁlﬂ@ §%%‘FF‘é‘ﬁtcaS$mg 30 frem dbe prpreverd slley, see ropaized nozsd @ sagment 540
feature. W'ﬂ%bt]h%’ i mgaﬂgt&%gb{()&emehnner band bond fails, thegaage

collar 38 wou prevént e vanes om Separating fromthe inner

16 because the collar
: The replacement casting 30 may also have modified design features compared to the

original nozzle segment 10. As with the alloys described above, it is often the case
that during the service life of a gas turbine engine component such as a nozzle
segment, improved component designs are developed. For example, nozzle segment
10 may comprise a first design having particular aerodynamic, thermodynamic, and
mechanical aspects. For example, the outer band 14 may be uncooled and the vanes
O 12 may be formed according to a first airfoil definition which incorporates a first
trailing edge cooling arrangement (i.e. the configuration of slots, holes, and internal
passages which direct pressurized cooling air to the trailing edge of the vane 12). The
replacement casting 30 may comprise a modified design. The modified design may
include an outer band film having cooling holes of a known type formed therein, and
may also include a second trailing edge cooling design of a known type, which has a
different arrangement of slots, holes, and internal casting features that the first trailing
edge cooling arrangement, and which is intended to provide improved cooling
performance relative to the first trailing edge cooling arrangement. The aerodynamic
design of the vane 34 may also be modified to improve its performance. This

embodiment of the present invention produces a repaired nozzle segment 54 that
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overhang prevents the collar 38 frombeing pulled through the inner band
16. In one enbodinent, the replacenent casting 30 is fabricated fromthe
same material as the inner band 16 to produce a repaired nozzle segnent 54
that retains the material properties of the original. nozzle segnent 10.
However, in another enbodi ment, the replacenent casting 30 is fabricated
froma different material, preferably an alloy having enhanced nmateri al
properti esbtairs the bedfe v ikgreas eompahent deding féahﬁ-ewitﬁ&xﬁ%abin%% @éplag turbine
engi ne conponent such as a nozzle gas segnent, inproved alloys suitable for
use with HIFENUESAYFIRIREmeat clhis pamesheithe Prosentiinention mayelsgibesoobénedt or s

woul d  hayemt @ar; LSt ent. L th new. c onents fahricated
From the e iERRa 8yS ikt Cs TR e o e R PRPAS g1
However, mayfintirparatel first by ameipd fiese design, Gesld e réfadefnR sdilng BDLyEd
alloy, the re aired‘9$2éh§.se%gent 54 wll obtain;, in part, the enhanced
mat eri al PICOHOrHE Juodiad design feaniss: andagiay e sonstimgted| efoamalley hewingi ed
desi gn f eainahesd MAHERAr fidpdfed Ne original nozzle segment 10. As with the
al | oys descri bed above, 1t 1s often the case that during the service life
of a gas turbine engine conponent such as a nozzle segnent, inproved
conponent V“aulsi gpeeifigrembydin¢nipefitheRueseak tnvphtion hzeAeen degribed, it %6l ey
conpri se f Lan..havi ng partkicul ar aer nam c, thernmodynani c, and
nmechani ca p%%ié?gﬁ§$g§%11% a]ﬁptgs,a%t h’@ggﬁ?%‘fs pafiregtonggipersio Eﬂ’n’cg‘% €and the
vanes  12withyutbéeraetinge dront @l dpig 4nd cdper &t (R ifvehtior 8k | Rifhb® N WakCch
i ncor por at es 3 first trailing edge cooling arrangenent (1.e. the
nfigurdﬁmﬂ%%ﬁd§F§ts, hol es, and internal passages which direct
éﬁessurized cooling air to the trailing edge of the vane 12). The
repl acenent casting 30 may conprise a nodified design. The nodified design
may i nclude an outer band filmhaving cooling holes of a known type forned
therein, and may al so include a second trailing edge cooling design of a
known type, which has a different arrangenent of slots, holes, and
internal casting features that the first trailing edge cooling
arrangenent, and which is intended to provide inproved cooling perfornmance
relative to the first trailing edge cooling arrangepent. The aerodynam c
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design of the vane 34 may also be nodified to inprove its performance. This
enbodi nent of the present invention produces a repaired nozzle segnent 54
that 11 obtains the benefit of inproved conponent design features wthout
having to replace the entire nozzle segnent. This aspect of the present
invention may al so be conbined wth the inproved alloys described above.
That is, the original nozzle segnent 10 nay incorporate a first alloy and
a first design, while the replacenent casting 30 may incorporate nodified
desi gn fedELABMSand nmay be constructed of an alloy having enhanced
material properties. Wile specific enbodi nents of the present invention

have been descr) i 1L : iLhed. | art that
vari ous m)lgi fi c‘%??e gl?losd {)%Pe%!g{r g@é’aat#?tglgghg eIe E‘gﬁ‘{‘%’gﬁf‘ V%gpalérl%qtngg? {r’%f\r% t he
spirit andisosgibebiednha outey batd amd aasnmte bamieshid methhé corapgiengied cl ai ns. 12
"CLAFMS: 1. A nethod of repairing a turbinenozzle segnent having at | east

- one vane di spggp%tgﬁsm%rh 9Qm%%0ersaqc§g€ug%ggggnéi nner band, said nethod

t |
conpri sing: sep I'Ag sai d Irnner band fromsai d nozzl e segnent; repairing
damage in said inner band: and joining said inner band to a newy
manuf act ur ed r egadoedantage mskidigndrdandigndn  outer band and at | east one
vane; wherein joining said inner band to said newy manufactured

repl acenent cast: y v | Ql 'qg' o I : , said
col I ar having Eﬁéjlelg%le\i/?%é S gftOLﬁ %‘M}Fe %ﬁag%%ﬁe%%‘gﬂnﬁe%k g%js‘np%g%’rn? So as to
have a gr eateebariituing ktleass oat vamef i r st  axi al end thereof than at a second
axial end thereof; inserting a portion of said vane of said replacement
_CaSt Ing into nghgreir; _?ocifelfn\él sath isnlng% barkd" % said newly manufactured replacement

casting includes:

joining a collar to said inner band, said collar having a receiving slot
formed therein and being tapered so as to have a greater thickness at a first

axial end thereof than at a second axial end thereof;,

inserting a portion of said vane of said replacement casting into said

receiving slot; and

joining said vane of said replacement casting to said collar and to said inner
band.

2. The method of claim 1, wherein said thickness of said collar is greatest at an

axially forward end thereof.

3. The method of claim 1 or 2, further comprising machining a radially inner

surface of said collar to form a circumferentially extending arcuate surface.

4. The method of any one of the preceding claims, further comprising forming a

pocket in said inner band, said collar being joined to said inner band at said pocket.

5. The method of any one of the preceding claims, wherein said collar is joined to
said inner band and said vane of said replacement casting is joined to said collar and

to said inner band by brazing.
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joining said vane of said replacenent casting to said collar and to said
i nnerr band. 2. The nethod of claim1l, wherein said thickness of said
collar is greatest at an axially forward end thereof. 3. The nethod of
claiml or 2, further conprising machining a radially inner surface of
said collar to forma circunferentially extending arcuate surface. 4. The
nmet hod of any one of the preceding clains, further conprising formng a

pocket i n6sai dTheaethddostthnyoae df € prateddt HainQwhesbid Sepamtifls saBGhndpand at
sai d pocket. 5. The nethod of any one of the preceding clains, wherein said
col l ar i sbyus frew said nezgle segmant chmpaisementting dhroughosaid vend df saipneedaent

casting iﬁeég@ﬂpﬁ&r%d?%iegtb%?d-' ar and to said inner band by brazing. 13 6.

The met ho any one e preceding clains, wherein separating said
inner band fromsaid nozzle segnent conprises cutting through said vane of
sai d nozzVe s€heremthodeaf aspiode iofirtke pbaeding 7claifise wikeicho daidfreplayentie of t he
precedi ng cl.ai ns,, wherein said replacenent. . casting is fabricated fromthe
sane mat e?qshpggga@éqa?‘%%%ﬁ%.‘g@t?ﬂéﬁéSﬁ'@ﬂﬁ'&fdb@ﬁ -any one of clains 1 to
6, wherein said replacenment casting is fabricated froma material that has
enhanced gmt er Thé mRRRESSdng oneidrltlfi®s e 6, lwhdrllf safdBkphidhent Bésgin gt d i nner
band is fabricated from 9. The nethod of "any one of the precedifig clains,
further clshpeated figmaartenial ghatzhas enhasfced matenal direpertjesi witle respestftadhe of sai d
col lar. . f f,the preceding clains, wherein said
vanes of @gﬁ%gﬁﬁgsgﬁg&g%gbﬁagﬁgs %gl\%%a?%dﬁ)?%t design and said vanes of said
repl acenent casting have a nodified design. 11. The nethod of any one of
Khe precedli ng Theinothod wiiengone sfihd praediag elaiss) firthaQoaieishgaimhinilave a

st trailing edge gooling gonfiguration and said vanes of said
repl acenearﬁeﬁleg‘gﬁnglaﬁﬁwe’ég‘ﬁ%ﬁf’f)f%dP?léﬁfi i ng edge cooling configuration.
10.  The method of any one of the preceding claims, wherein said vanes of said

nozzle segment have a first design and said vanes of said replacement casting have a

medified design.

11.  The method of any one of the preceding claims, wherein said vanes of said
nozzle segment have a first trailing edge cooling configuration and said vanes of said

replacement casting have a modified trailing edge cooling configuration.

12, The method of any one of the preceding claims, wherein said outer band of

said nozzle segment is uncooled and wherein said outer band of said replacement

casting includes a plurality of film cooling holes formed therein.

13. A method of repairing a turbine nozzle segment having one or more vanes

disposed between an outer band and an inner band, said method comprising:
separating said inner band from said nozzle segment;

providing a newly manufactured replacement casting having an outer band and
one or more vanes, each vane of said replacement casting having a mounting platform

formed on one end thereof and a boss formed on said mounting platform;

14



12. The method of any one of the preceding clains, wherein said outer band
of said nozzle segnent is uncooled and wherein said outer band of said
repl acenent casting includes a plurality of filmcooling holes formed-
therein. 13. A nethod of repairing a turbine nozzle segnent having one or
nore vanes disposed between an outer band and an inner band, said nethod
conprising: separating said inner band from said nozzle segnment; providing
a new y manuf agditigth é¥Rt & 6REHille 68340 NN DA JsaftD cAUk BhviBE AR essONE OF
more vanes, each vane of said replacenment casting having a nounting
pl at f or m thapisreventerrat efustarinl endtherdof thad ahd benosd aviahewl theresfii d nount i ng
platform 14 joining a collar to one side of said inner band, said collar
having a thick i t-a. first axial . .end thereof,than at a
second axi al e%ﬁﬁﬁ%zr’%g%?éss g‘r%rrﬁ%%g%nﬁg’frsglgéggla?%?enég%sﬂng3?1%“0‘31?61" Sife ¥
r epl acenepdid ¢raret baxgl; i N anot her side of said inner band; formng one
receiving slot for each vane of said replacenent casting in said collar;
for each vane qf said replacenent casting, ipserting said bgss into said
correspondi ng HTBHNGARE ESFYMETok for saeh e ﬁ“{‘uf‘ﬁ’l@ﬁinémc?ﬂsﬁfl%ﬁbﬁ%]ﬂng
recess; ag&ha}pr each vane of said replacenent casting, joining said boss to
said collar and said nmounting platformto said inner band. 14. The net hod
of claim 13, further conprising formng a pocket in said inner band for
said col | ar, s#rdeasbl yane obisaid jeplacemientocasting, insoingbsandi tess datiodspdcket .
15. The nethod of cl.aim,13. or 14, wherein said collar .is joined.,to said
i nner baﬁﬂesg%%(ﬁn%%@saqusa}d&f‘% ifntgé)l%%)lnaa B85 ‘forrzfﬁ‘?f’ngghgﬁje?ﬁﬁﬁrﬁlfing pl atform
gls@j oined to said inner band by brazing. 16. The method of any one of
-aims 13 to lfor ehel VaiRrofGaidpeplatdigent latingafolni S 84d ®oss BHMatll EARE asgnENt
casting, machining said boss and said nounting platformto size prior to
i nsert i ngSGhmeuatiggplatiormptossithnng baBdei vi ng sl ot and sai d correspondi ng

recess,
14, The method of claim 13, further comprising forming a pocket in said inner

band for said collar, said collar being joined to said inner band at said pocket.

15.  The method of claim 13 or 14, wherein said collar is j'oined to said inner band,
each boss is joined to said collar, and each mounting platform is joined to said inner

band by brazing.

16.  The method of any one of claims 13 to 15, further comprising, for each vane of

said replacement casting, machining said boss and said mounting platform to size

( 3 prior to inserting into said corresponding receiving slot and said corresponding recess,

respectively.

17. ~ The method of any one of claims 13 to 16, further comprising providing a

dump hole in each boss.

18, The method of any one of claims 13 to 16, wherein each boss has a dump hole

pocket integrally cast therein.

19.  The method of any one of claims 13 to 18, further comprising machining a

relief in a radially inner surface of said collar.
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respectively. 17. 'The nethod of any one of clains 13 to 16, further
conprising providing a dunp hole in each boss. 18. The nethod of any one
of clains 13 to 16, wherein each boss has a dunp hole pocket integrally
cast therein. 19. The method of any one of clains 13 to 18, further
conprising machining a relief in aradially inner surface of said collar.
15 20. The nmethod of any one of clains 13 to 19, wherein separating said

i nner bando. fr oRe sitithdsiZak 9né 08 bRIths 90RO Seiker&H sbpidoaR@hecReR vane of
sai d nozzl e segnent near gai'd i nner band. 21. rThe%rre%H%&u of a?ly oﬁe of

cl ai ms 13frem 2l ngzzle seementnppurisenentting theough eoth varepdisnidnyzelasegeeritn sai d
i nner bang ar%éidiﬂ;fb?bﬂﬁ& hod of any one of clainms 13 to 21, wherein said

r epl acenent. castl ng 1s fabricated fromthe sane material as said inner
band. 23. The nethod of any one of clains 13 to 21, wherein said

repl acenmedt. caShe megethal of aiy bnabédldimem3ato el efurtbbr thiaprishas 1eNfepoEd
material that said i nner band is

mat eri al Q%E)oi%grtdi es Wth respect to the
f abri cat efPRgshdasiage saidaperdands any one of clains 13 to 23, wherein said
repl acenent casting has at |east two of said vanes and all of said slots

are machiged omhdRkMol ¥ aB¥ 65 offRaimtS tﬁ@tlt‘@ﬂ?xﬂnet %e?féggﬂént%laﬁi g13 to

24, wherein said replacenent casting has a et weelY ‘each vane
and sai d febrieatep o the savoumaicrigl 35|satdfionenbapd. The net hod of any one of
claims 13 to 25, wherein said vanes of said nozzle segnment have a first

desi gn angh sai4 van id repl.ac nt,,casting have a nndifjed design.
a 27. Thgfij et hgh %Fﬁjgﬁ;%%‘% eo%efo%?%m‘??%tztlow %@M@Pﬁ“&‘ﬁ?‘ﬂ COUMES of  sai d
zzl e  shbrentd froxea madiértal thdt b Iehnalcem@at@imlfﬂrdmr@éanwﬂg%@&&qe ta@d said
nes of said t{lepl acenent casting have a nodified trailing edge cooling
conf i gur dPttgHal that said inner band 1s fabricated from.
- 24, The method of any one of claims 13 te 23, wherein said replacement casting

has at least two of said vanes and all of said slots are machined on parallel axes.

25.  The method of any one of claims 13 to 24, wherein said replacement casting

has a fillet formed between each vane and said corresponding mounting platform.

26.  The methed of any one of claims 13 to 25, wherein said vanes of said nozzle
segment have a first design and said vanes of said replacement casting have a

modified design.

C ) 27.  The method of any one of claims 13 to 26, wherein said vanes of said nozzle
segment have a first trailing edge cooling configuration and said vanes of said

replacement casting have a modified trailing edge cooling configuration.

28.  The method of any one of claims 13 to 27, wherein said outer band of said
nozzle segment is uncooled and wherein said outer band of said replacement casting

includes a plurality of film cooling holes formed therein.
29. A turbine nozzle segment comprising:

an inner band; and
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28. The nethod of any one of clainms 13 to 27, wherein said outer band of
sai d- nozzle segnent is uncooled and wherein said outer band of said

repl acenent casting includes a plurality of filmcooling holes fornmed
therein. 29. A turbine nozzle segnent conprising: an inner band; and 16 a
repl acenent casting including an outer band and at | east one vane di sposed
bet ween said outer and inner bands, wherein said inner band is previously

used and r epah&aqa&&ﬁdﬂ@bmgmuaﬁganoﬁ@r%m aCRE% NG Vafie BRPbEA

manuf actured structure, said turbiRe nozzle segnent conprising a collar
attached befweer stid ostatendfingssi hands n)dler@arsdld intérebandiis Ipmm]styf u@dladdcol | ar

cr i m 26, R PpieB s pdiceSloridhy fbng it Bev el sEndStARe 01 The

t ur bi ne nﬂﬂhlhe n6LAEBEPm et cehphsma 9 c@nar%@sacmetw ddldsitid dF 8dill YndeP B@ﬁd surface
of said collar defines a circunferentially extending arcuate surface. L

32. The t Bhﬁ’é"“?%ﬁ)?%%d%&ﬁéﬁmgéﬁpeﬁwﬂ@ﬁ@x@idﬁﬁﬁmm 29 to 31, wherein said
i nner band and said replacenent casting are fabricated fromthe sane

“material .3®3. TH@U&%QI%%ZIQ%?HEI&S?%%” tg@e@}éfufg%ﬁéf & BLIE 4 fn ?aﬁ(it has

wherein said replacenent cas roma nmateri a

enhanced e¢dlaenndlsaidvaperties w th respect to the material that said inner

band is fabricated from 34. The turbine nozzle segnent of any one of
erein ach va asting has a

cl ai ns 29 acenen

nmount i ng % "at ?ﬁ’%"f PREY40hH Se&ﬂ’@ng%l"l ?i eﬁemlﬁ‘tﬁ‘i‘ %FW@HS‘B’%‘C%al d
mougtlb ng Ms@idfld;ﬂlﬁ}dc?ﬁlﬁsacﬁUﬁiﬁfe?@itﬁll?@ﬁt%ﬁ&mgﬁrch%%ﬁfféde' y cast into each of
@I 0sses

32.  The turbine nozzle segment of any one of claims 29 to 31, wherein said inner

- band and said replacement casting are fabricated from the same material,

33.  The turbine nozzle segment of any one of claims 29 to 31, wherein said
replacement casting is fabricated from a material that has enhanced material properties

with respect to the material that said inner band is fabricated from.

34.  The turbine nozzle segment of any one of claims 29 to 33, wherein each vane
of said replacement casting has a mounting platform formed on one end thereof and a
boss formed on said mounting platform, and a dump hole pocket is integrally cast into

each of said bosses.

@
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