16 May 2005 TURBINE NOZZLE SEGVENT AND METHOD OF REPAIRINGlgﬁwg 2005
BACKGROUND OF THE I NVENTI ON Thi s invention relates general |y to gas turbine
engines and nore particularly to the repair of turbine nozzle segnents
used in such engines. A gas turbine engine includes a conpressor that

provi des pressurized air to a conbustor wherein the air is mxed with fue
and ignited for generating hot conbustion gases. These gases fl ow
downstreamto a turbine section that extracts energy therefromto power
the conpressor and PURBINE NOLZLE WSGMENICANEDSMETHOPDQF an aircraft in
flight. Aircraft engines typi calgyajRiN tationary turbine nozzles that
enhance. engi ne perfornmance by appropriately influencing gas flow and
pressure within the turbine section. In nulti-stage turbine sections,
~turbine nozzles are glaced at _the entrance of each turbine stage to

channel JBAEBSIRG QESHEIMIVERNTION, bi ne rotor | ocated downstream of the

nozzl e. Turbine nozzles are typically segnented around the circunference
thereof w th each rrdgzlisvargnerdattagemgalyne gas mmbines angises dndposed bet ween
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mounted to the engine casing to forman annular array with the vanes
extendi ng radi al | yAlzes Wsbinetanginednedndds| aaepmepressonthjah peavides prasurizedt ages.

Various agpfPRachisude-RheeRNthe 2 R$eed Rith TR YWnaGEkitdd br Redcttthg IREIMENE S,
I n one common approach, the nozzle segnent I1s a assenbl y

) nul ti-pjec
conpri si rgPrelistion gaseha ldiese, gasss tiow dawpstieay 18 r?emébmﬁﬁﬁ‘g‘ovéﬁ%ts‘?mé‘étéh of
whi ch is erepg thedioh t6 poaet theBinkprédier dndpesviddasebultvesrkBasis pweripgovi ded
with slots i.nto thfgg %ﬂ_e %nds.of t he,van S1ed] .brazedgil n g)lﬁeg o form
the nozz| @ gt 1ebt AMIFTHE cugings fuically inglide siationaby, Wiring pozz Zlbaﬁally cast
t he nozzl enbasgrengine Pacformancet ye apprapeatelyi infleencivgn ganfbwoand préssurd are al |

T e g
nul ti - pi eafethaptrancerrigack durbincostagnto ehapreltdembuplinn, Beses defadhe surbine
rotor 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 flowpath boundaries for
the hot combustion gases flowing through the nozzle. These nozzlie 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.

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 integraﬂy 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
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are ordinarily nounted to the engi ne casing at the outer baq%rﬁﬁ§¥ oM th
the vanes and inner band being essentially cantilevered into e %ot gas
stream Consequently, the -1 16 May 2005 hi ghest nechanical stresses in

t he nozzl e segnment occur at the vane-to-outer band interface, which in a
mul ti-piece assenbly is a braze joint whose strength is generally inferior
to that of an integrally cast interface. The nmulti-piece nozzle segnent can
al so be j: lifie SERIRD
integralﬁgggggpg ﬁ%zéﬁéﬁgggigﬁpgsgﬁéﬂg%%bsegzgﬁgﬁﬁ&ﬁ%perat|§§m?%§§'high

t enper at unterfacg ovhidsineemylispiceq saemblyds a brazefieint whossfstrgngthvis generaliyce life

of these ;¢ ONEM .S of A &irggd'l 4 i L.eTfe it r MRERALLY fabri cat ed
from hi gh1 '?%qr%pg(r?at uroe E@oga t %?éé%n} caei -bageg{lgﬁﬁﬁcglrﬁgys ae%% arce of ten

coat ed wial$p ompresixppnsaveoprodveat Thueshanammzzlerregmenta pep, inkegrallyspsior e, nozzl e
segnents are ordinarily cooled internally with cooling air extracted from

the conpressor to py@lpng tcélu gﬁ%‘@‘;s?%dgﬁﬁﬂg*ﬁ%‘%ﬁo‘ﬂ@bgh% SyaturROr i ons

of the nozzle segnents, partl e va can becofre ctacked),

. corroded, coxiegivet 2fer frosm dhatelijats shetefieptive sorwicaolitel ef dhagpretompongais. be

ei t her r&é&%&iﬁ@g%oz&%&%@ﬁ%s bR r;gﬁkmﬂaﬂﬁéﬁéaeﬁoﬁfﬁi' {eBiMeritgicoga10HET at i on.
Because nozzl e “Segnents are conplex in design, are made of relatively
expensi veauelgel-based| siperaldysped amxpleis coated avithaprrresiqnuprd/on hegt gegatngr al | y

mor e desihablifs rirfhl@RRbk, AEID WORBAN GFc oﬁﬁ%ﬁhﬁé&leﬁﬁe’%ﬁe}l%ftﬁ B&dlingPT OCESSES

i ncl ude techni ques such as crack repair and "di nensional “restoration of

ai rfoi| i exfeasted fiemethe rcompuessoteld Brolong seeyiss dide. gfven| with tsagh efpris.ocal

di stortiopaid BP4RE 49 "'Hé@g’{@a'té AMiGHABS IS v, Cln@ hBodiie F4REAaaS @
resul t oﬁﬁrepeate repaz?_fr‘3 an chér#cél és}ﬁfippivng |5rocessces. Thus, nozzle
segnent s wEpded; candnathamisg ddmeged gechythanitheunerdetseamentamest b citbiai red by
Known 1 eRgpdired PEORHERES to St saFR) FRABARI Rl EReBRe! bt egral ly
cast nozrz%?% Igegnefle?s arg sugﬁ‘ that it 0 te_ngglccﬂ%ga.t at t| eei nr?er band is
r epai r ablseSmpItE @repgcnler gy design, gegmedn obrolaiivelyr expessivomatcsighs pathRE. Thus,
to avoi d SELARR ROmaRErEitd, i€ i B4ty SERTBMrabR SUERR thih Udhdn@fer 1t woul d
be desi rab?e to ar\}le aamet F](%dlfgr sagﬂyvagfkgg trﬁe re%gfur aﬁ?e porntign of the
nozzl e sawsuble.

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 minimum wall thicknessés, 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

The above mentioned need is met by one aspect of the present
invention, which provides a method of 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 having an outer band and at least one vane.
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BRI EF SUMVARY OF THE | NVENTI ON The above nentioned need is Hgt

aspect of the present invention, which provides a nethod of répairing a
turbi ne nozzl e segnent having at | east one vane di sposed between outer and
i nner bands. The nethod includes separating the inner band fromthe nozzle
segnent, and joining the inner band to a newy manufactured replacenent

casting having an outer band and at |east one vane. -2 - --- - -----
------- 16 May 2005 e vention,
there is provided a rrefcﬁgé %%rtﬁee?g?&% Qf&egﬁ&gﬁt m%nutzc’% thg{e%ﬁe%la avi ng one

or nore vanethodidpepadng beunhﬁmrnmteaegmndt havieg omamdmortsms esphed

conpri si ng, | I gggn{ - provi di ng
a newy g% ? ‘?'Lr e%ﬁ%ep%aga@dgnﬁ%{dcgl%@%d & avi %g%%?%@ :Sra E]ﬁan a?r?él one or
mor e vandsomesmih neazle sefmsuti Proegingce menly mmifawgdrectl arvplm@nwnmmgng

pl at f or m,f or ned e er i ng
- platfor mha]Q%nl t}nn‘glﬂgrglg&g o#ﬂaorn for?ﬁérg&lﬁgesgﬁg ? fggr Izza%%hrr% r%tcg%ggl ng to

one si de leivingaa thauntieg plitiodn fHoned oy ooaend éb@ecf dodra basshfovracda opfsaglai d
repl acengnl untfﬁ%sﬁlét?&ﬁ‘f aoﬁﬂl%ttprfe coﬁiag?orotf: cﬁa\}age o4& }%ﬁﬁgemérﬁrc% @ slot in

~each col I'ar sal d re acenent ca I nser ng sai d
boss i nt omsaide ohsaiéspendiand; Himingame Eaesd forreantt Vang qﬂsatd‘ taplacement sai d

P | ,

Fof ni g o HAE8TSr B0 Gr S0l RE N Rl § 8 ERRCBRATRA oI, o\
to said iafrseid xba]mdemMcMngnaedlmtdwbﬁssaMpeaﬁ @hesmdpxg@é@mdlsmdentu on,
there ! o e Blariuh bl Mg S8HLRoRARTRREe:COIRA B) Noh ik BETsofpANC: and

a repl acénent |ncIu and an [ one vane
di sposed ropinvememt swtmig Qyriming aald bnsﬂiersmdlm)n@spondhgr@ilmr aydli sdid mpentingand i s

pr evi ousl h nd said replacenment casting is newy
manuf act at%l%g}dtpéé{dﬁ%&bg%(gordl ng to anot her aspect of the present

invention, there is provided a repaired turbine nozzle segnent haV|ng at
| east one vane di spbeediihgtowsthenpspset ef the ipresantaindendion] tharsris peavidedsai d

nozzl e Seag?&ﬂﬁebfdﬁ% EG%B?BIHE %gmB)‘th? aﬂ%ﬁ&%ﬁi&, and a replacement casting

including an outer band and at least one vane disposed between said outer and inner
bands, wherein said inner band is previously used structure and said replacement

casting is newly manufactured structure.

According to another aspect of the present‘ invention, there is provided
a repaired turbine nozzle segment having at least one vane disposed between an outer
band and an inner band, said nozzle segment being repaired by the method of:
separating said inner band from said nozzle segment; and joining said inner band to a

newly manufactured replacement casting having an outer band and at least one vane.

According to another aspect of the present invention, there is provided a replacement
casting for use in repairing turbine nozzle segments, said replacement casting

comprising: an outer band; and at least one vane integrally formed on said outer band,




separating said inner band from said nozzl e segnent; and jOiI'Eil\VISyﬁ(gjsd i nner
band to a newly manufactured replacenent casting having an outer band and
at | east one vane. According to another aspect of the present invention,
there is provided a replacenent casting for use in repairing turbine
nozzl e segnents, said replacenent casting conprising: an outer band; and
at |l east one vane integrally forned on said outer band, -3 16 May 2005

sai d vane_havi ng_a munt | form integral Ly for t her eof
and . boset YirE Bgfia Rt Bl ekl R o o8p FBS Fer 2 £ 08,

i nvent i onntegchilytfernasiveandaayasurdingrplathenpri or art will becone apparent upon
reading-the foll ow ng detail ed description and the appended clains with
reference to the a i.n i o BRAW NGS
The subject matter @ﬁll Eﬂe@?ﬁst ?‘é’g{ér e%ggslt e‘_%lrtl gﬁgﬁ%&ﬁﬁi%ﬁﬁ@?ﬁy

poi nt ed dhecomedipgirsni weinl seadingitie tllowing detabet Hesdringompand thef appigeded

speci ficati-on.. i i SRy be best understood by reference
to the fo1+‘§1\r/gvi“r(11gﬂ§£esr%:drl¥gﬂﬂgﬁ%?{;&eﬂ)ﬁ'&%&é@rj"a'ncti on with the acconpanying -
drawing figures in which: Figure | is a perspective view of an engine run
t ur.bi ne MRERDESGRETION BiFdiile DRAWIEGSer specti ve view of the inner band
separated fromthe nozzle segnent of Figure 1. Figure 3 is a perspective

view of a replace t castjng.,.used.in the .repair .nethod .of the esent
i nvention. Figur e%essuijeﬁtepgﬁgrcw é‘\?irgg\?rg‘?’f?%hwilﬂﬁgpl%éﬁdm&w "Yure 2
having  cRjihiad Suhhd el ehi& if U R CRIdiny farP 8t SReGiceMRatibEWIRS t he
i nner band of Figure 4 after machining thereof Figure 6 is another

per spect iimeenfiopyhofeveh endyriredrestianigrsedodrhygreference o the follpwistg ddsemptidier eof

e T PSRRI MRl lpdh Dy ERLASHIBRS i§3RI4R0 of Froure 3

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 perspective 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

collars attached thereto.

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

Figure 6 is another perspective view of the inner band of Figure 4 after

machining thereof.

Figure 7 is a perspective view of the replacement casting of Figure 3

after machining thereof.
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--3a 16 May 2005 Figure 8 is a perspective view of a repaiyf t 6&'“%
nozzl e segnment. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referr]iﬁﬁgal 3

drawi ngs wherein identical reference nunerals denote the sanme el enents

t hroughout the various views, Figure 1 shows a turbine nozzle 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 optimally direct the conbustion gases to a
turbine rotor (notg r and i nner
bands 14 and 16 de gﬁgm%eb% é:(rﬁq%g %elr% éﬂﬁ{b? eo[ho%gl%rsl éé;g{t'

respectivel of the gas flow through the nozzle segnent 10. The vanes 12
can have @%‘LH{EDQE)S P@WQHTHEJENMI% holes 18 and trailing edge

slots 20 forned therein. Cooling holes are nost typically used with first
stage nozzl e segrrerlxecfem tt@ theSdra@Rgd Ahdleth ﬁemm@e@ﬁw ALY deité Ot
ut|||zes Bg?e@ﬂTe nozzl e. seg S preferabl¥ made of a
hi gh qualt ‘Wamgl? Rl thg vanoRs, Kiews, guﬁ‘? k%‘f’wﬁé‘s%ﬁ 186, 8872¢ | oy, and
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coat i n0- e s QAPoRAGAR 18l an WGk RLTR i VRl SuCRaRgoTEnts 10
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met hods @irfeilsecqniigyeedt so aswterﬁntlmiléirdereeletbemb@dstmgasm ton turbinegplett to a
two-vane (H&%b@nﬁ%ﬁﬁ%ﬂhowh&ﬁe%ﬁpﬁibﬁoperﬁe%ﬁ&%a%& Baddst lﬁeanﬁrl%%%ﬂhe

|nvent|on I S equal | cabl e, to nozzl e segments_havi ng any nunber of

vanes. Dihe pfCRHS lﬁﬁefdﬁg‘rﬂ!a'?(?‘@ﬁanqsh@sl?ﬂ?ﬁ? Iy, afdheges flaw ﬂgahghasbs 8p7Aeice
damage s tats as 10l gftie V8412 cdd Bivelaqrladaligost cohv@RitnaV@bolihe KBRS 48 Uh@ Or

f-orei gn | ect ereon tioned 0 on, of the

ozl o Sl o lohEe0 et RiRn Gatlne Roli A8 Brost DNy SN Bt e

repai r ed siagekmauvle segpeents; lgenstegs aezzlcT begnpmes erdindrily elot natnutilizediuclect ed to a
thod of, i rabl

i 1e” ot b EREHAIA0 SroRGht, sSaRERCle 18 EkB MadelBE™ HAR gbalih °RR. (5P, ©

t he vanesupgraliew sghl@)m 8 wbﬁltg:mrr@clqel-h@edéupﬂglloye)@tnénm)vbe Ga#a@ewﬁm;h as to

be non- r%%&l%ﬁ'f&%t'n?atéﬁ‘ﬁ ah@BLtherAd] badfor R8BSt '&tghélﬁﬂrb(me Bhglhg wilgmage and

i s repair.able. res invention i s nost ap
P include a pqmﬂw 0 such segments 10 arranged mrcumferentlal?y 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 experience
damage 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, the vanes 12 are shown in Figure 1 as havihg
extensive damage such as to be non—fepairable while the inner band 16 has relatively
minor damage and is repairable. The present invention is most applicable to
integrally cast nozzle segments, but could be used with other types of nozzle
segments as well.

The repair méthod includes the principal steps of separating the inner
band 16 from the nozzle segment 10, and then joining the inner band 16 to a specially
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i ntegrally cast nozzle segnents, but could be used with other l\t/[X ?&) f
‘nozzle segnents as well. The repair nethod includes the prirci pg St eps of
separating the inner band 16 fromthe nozzl e segnent 10, and then j oi ning
the inner band 16 to a specially -4 16 May 2005 designed, newy

manuf actured casting that replaces the structure fromwhich the inner band
16 was renpoved. As seen in Figure 2, the sal vageabl e i nner band 16, has a
cold side 22 (the side facing away fromthe hot gas flowpath) and a hot

side 24 Si ' . f , - venti onal
structur gEds?%(l:er(\l’ ggﬁ%ﬁ g%ggic% gﬁgngﬁﬁrr% llﬁgrgggst g% S%gn% {@r’fgggﬁ (&%r ovi de
st ruct ur HMeE bEpb e way remevedn Asrseemindligere 2 tep sateageghle inngebanddéahang
L ulnct i gg a\&hmti%&zz (tﬁéaihg fM&hﬁg@ﬁﬁy &&P!tﬁe hdtsad i atiélﬁ‘?.lﬁf'a h&@ﬂierml- (thehe fl_urm

ol es re the _neans | cpo air exi e inter cool i ng
passages S@F%{t‘q‘\’ég g‘gﬁ\% giszﬁmﬂﬁp ﬁ‘é‘P Wﬁb@g%"(g’é@ﬁ%?ﬂa??tguqt‘ﬁf’é .asgﬁ‘&&‘i’se 3 shows
oRe of t :ﬁé anédhmprmmsmcﬂﬂnbﬂdr_ll_gm%imqﬁde sthiotiral sippert ﬁjéﬂgaimﬁf beﬁﬂfm (rj ed tpbag
the. rep tindy: r nt st i s L i s describe
- mor o “HARD RS g, SR8 B o€ Magte SRR ittlioma “bana o2
and two vegies Fhe dumpehalpe2? arectht Imgans by whith cadlingt aipexifedtthe intenpali r et hod
Is toin | g . fgt]ﬁ: ' for
- servi ci ng&tﬁg{gl ﬁ%?gf{sﬂé?ﬁﬂ&é? ﬁ%ﬁt?s %E?ﬁg%‘ﬂgﬂ\}gggﬁgﬁg’gﬁl ra :fg&!v%ner band
16, whi | 8ngrofethe sy dnadaaiined castings: which; i hgpinplerarefarsdeto anéhe a

sui t abl te répbacehnt eguinp 13010 Tha sefiarmehtleadting | 300 whidh isShawitkdom sbfd pped of
any coa

i.ng..maferials. (su as corrosion or ther resi stant,, coatings)
it ey JEBIL B SE i o0 il B SR EME 4R O DI 4 BB 08 My any
sui tabl e techni que, such as grit blasting, chem cal baths, and the |ike, or
by a conbinati on &orssphcifieadlynittpuistial Ehep ottt epaip meshddoisrtedaspecicr acks i n
t he inner r F B, kl.d- . . S 26,
usi ng kngr\}\%ﬂgce}%%?lp Z?@%ﬁ%ﬁé%tgg%%ﬁch asqg?hgﬁygdrrgff ?ﬁﬁlﬁé eﬁ’ F@eﬁ‘bﬁu up,
wel di ng aegmantie 10; that have Bneepairabdmveneriband) 16, whide othoninozzlpesegment ed out as
?ﬁededl depgataiens n?ﬂ-r%ﬂ%ﬁ‘aﬁl@ﬂ Dinlcé _9@ui|@z|§blé ﬁ'&zlé“éb%heﬁﬁ@hésﬁaeerlx ﬁ!&gﬁﬁ?f, {iﬁ_s' O”t or

ermal copat i, ngs tha re ori.gina used are not reappl | S i me.

should b% stripped cY%B any coatn?g mater%tls (Ssugl as COITOSION Or ﬁl%rmﬁ registant

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.

The next step is to separate the inner band 16 from the rest of the
nozzle segment 10. Separation is accomplished by rough cutting through both vanes
12 near the inner band 16. The cutting can be performed by any conventional means
such as an abrasive cutting wheel or electrical discharge machining, After separation,
the unsalvageable structure is scrapped, and the inner band 16 is prepared for joining
to the replacement casting 30. The first step in the inner band preparation is to
machine two flat pockets 36 into the inner band cold side 22 as shown in Figure 2.
Two pockets 36 are provided so that there will be one pocket for each of the two
vanes 34. For nozzle segments having a different number of vanes, a corresponding
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The next step is to separate the i nner band 16 fromthe rest, qf 25 nozzl e
segnent 10. Separation is acconplished by rough cutting t hr d@ éﬂ ¥ vanes
12 near the inner band 16. The cutting can be performed by any conventi onal
means such as an abrasive cutting wheel or electrical discharge machining.
After separation, the unsalvageable structure is scrapped, and the inner
band 16 is prepared for joining to the replacenent casting 30. The first
step in the inner band preparation is to machine two flat pockets 36 into

b ovi ded BEf oPRkeB WA Pe Seds MR bdeRe of e titmed MR RASEIRee 20 €, )
For nozzdempdiplesiBandave redptivelyi shpllown f['h'n dwipp holss 2§ sarbe useddopesiigrondi ng -5

16 May Z%OOM%nﬁEhlﬁg%%gké@Q%d be used. The pockets 36 are forned
around the respectlve durrp hol'es 28 and are relatively shallow. The dunp

hol es 28 can be us gsition the too L ne the ckets 36.

The next step is t Pﬁ%ﬂ&f’;&tﬁ‘&q weld %solraé%gé%a 0'{]‘11169861‘&@9 286 as

shown i nsEdaxgmﬁzeFi_@ureTm_enmiduafss383ﬁ¢ solid, gondrally @enagdhd blodl@@fpmjuﬁlaf bl ocks

he'r esplt PR RoR s fHfalRteBadpla b i HErapBli B8 300 1T Lot e

seat i ng dhushthecpidkaiss3@8reopravivded tofactiiate dsegtingl of ithie colbare 38t ore thener band

16. The cghiodten il e 2BIof ki ARkybARURS, Ofhe L] sS?ﬁTEre%reﬁfaﬁS‘l)l hgsperial as
al “That 15

t he i nner or joining
to the i mﬁesa%r@a smlaarmat@ln@ 4%%?&&@9@@%1&5911 ﬁtglee%t 0 F?eﬂ@ﬁqfiahglaﬁé%v to

Fi gures 2omip Qtl@leférg&nhﬂgrt@rthé?ﬁm&Bhﬁdllﬂ(éﬁﬂﬂ%‘éplhwneﬁmﬁdﬁhFBOQ oper ati ons

after the collars 38 are tack welded in place on the cold side 22. 1In the
first operation, recesses n,in_Fi re fo rred in the
ot~ si e 24 of "t hOSTIOR NG B Reei feveier JEnd 18 wlbot el

appr oxi natahitingoperatidne afterthecoliars 38 atettack/weldsd Bvplacerum the edld lsrded!2man ner of

o M 1015, Al Upkr ARG ot ASEORE Ak it Bidhd 998 BBRRIT ey P 02

machi ne eac recess i'S acco et usin el ectrode
havi ng t sislea?4 obithe napbandThe diheqerivpter; of thplrmgm déhagprmmateaém h that

renoves gl kﬁﬂﬁoﬂ%fﬂh@!‘@ﬁﬂcs@m ef&fed%é:lﬁlg?of FrRidd e alr?dipﬂﬁgéd flanges
26. However, recesses wi | | breakt hr ou | nher band

recesses 40 is to plunge electncal discharge machmeg(EDM each recess 40. S is
accomplished using an EDM electrode having the airfoil shape. The 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 breakthrough the inner band 16 at

some locations, as can be seen in Figures 5 and 6. But the collars 38 are wider than

the recesses 40 such that they overhang the inner band structure and cannot pass

through the open portions of the recesses 40.

The dump holes 28 can be used again to position the EDM electrode
for the EDM plunge operations. The EDM plunges for the two recesses 40 occur
along two non-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
plurnige 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.

In the second machining operation, a receiving slot 42 is machined
into each collar 38. The receiving slots 42 extended radially through the collars 38
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-sone | ocations, as can be seen in Figures 5 and 6. But the(%g¥f120&§ are
w der than the recesses 40 such that they overhang the inne

structure and cannot pass through the open portions of the recesses 40.
The dunp hol es 28 can be used again to position the EDM el ectrode for the
EDM pl unge operations. The EDM plunges for the two recesses 40 occur al ong
two non-parallel axes. Because a turbine nozzle conprises nozzle segnents
arranged in an annular array, all of the vanes define radial axes that

~conver geatPareRner@ilg ulighed witiheNbéatin 3x e @mb ke 1) WhidiPire RARGE! - By
machi ning the recesses 40 al on ,ﬁllun ge, axe t correspond to the radial
o

axes of . i&g the,BRehipwe, opeeatios & FrECIVIg %fe fan alsetbentprmed byach recess
is ori enpl@dg@ﬁm\maun tHi€ cdse Sitle tdoebringgl6s 34 a@@fbrﬂﬁEdo é@ﬁmer Mce§e<'fhﬁd therein.

In the sec nd nmac tion,.a rece is pachined into
bach cor fa beastompttheddn Bl febitich b utl At o CrmySar e e
col I ars BBe redeivifig bays £00f% pazaiit]l a0 penpsin arsalllatiorndf theadplacdrherit leastingcat i on of

t he dunp %ﬁ?h?s%&es%eﬁl?? geb&eq#{ggag _during the machining operations. The

receivi ng ’s can by plunge EDM In this case, both
receiving slots 42 are forned on paral|el axes. This can be acconplished in
a singl e operationThei Fplaseripnte| @etnH RS Y50 apsleranes aseme hapehininghe

r ectei vi na%&hmrfs phibr 36 Belﬂgr@hé@do the ilRE Bhid 14SRefetritel paifo Fz@&e@em acement
.casting

descrl ed nor.e, det.ai | eI 0 The re nment

Caoting isgosn it (it qumaGEenLinane A0 i T iRisEUS hst Plésh avife §p ovter Bng | of ned
to It he | ahand h&odraiés 34ReThe buteg baghdd ahd vhmagBdeard the tame ss geed oh hat bt hg
repl ace t St i ' N | r out er ban 32
and tmnggn%ﬁ%zggﬁgggéﬁe@’ gﬂgﬁ.%ztﬂ%%l va?]eté%a?ggoqulgg%g%gg W%?@ 't hose on a
conpl et einstead| & @egmenbarkh) the replasdinegt casting dfrehas e mpnaﬂlng:platfong 4|§assages. _
However , t

p%g}él;l)?i’c%ﬂﬁ ofthd fbﬁ%‘ilr%ﬂ% enll *&? eé&lps} 89&"9% ﬁﬁfty% Sk e5tehed Gt % of each

mount i ng. orm or ned e radi a i nner e
vane 34. inkerseqtiogtof; %achdF‘Pf‘E’gﬂ&tp lgthrm fhiag svéé?l SgriogrdesscHrastnint Fasd pl at f orm

44 and Vvahenidg l@tfbﬁﬂlﬂl@ﬁaﬁ 2228 ©8ss FGiafegrdIN\inhdddbntha ith@drsidd thefias, a ra| sed
boss 46 m&t?g Y, fo*: nmed, on ll]ﬁg un&erm de thereof.
unip ole 48 is formed 1n each boss

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 thereof. One of the small flats 50 functions as the third primary datum
point enabling the replacement casting 30 to be inspected and qualified.

The mounting platforms 44 have approximately the same shape as the
airfoil recesses 40, but are purposely oversized. Thus, the replacement casting 30
undergoes preliminary machining, such as EDM or milling, to remove excess stock
material. The surfaces that are machined are the edges and bottom surfaces of the
'rnounting platforms 44 and the perimeters of the bosses 46. As shown in Figure 7,
the platforms 44 are sized to fit into the airfoil recesses 40, and the bosses 46 are
sized to fit into the receiving slots 42. Machining the edges of the platforms 44 also
removes the small flats 50, which are no longer needed after the replacement casting
30 has been qualified. All of these surfaces are machined on parallel axes for both
vanes 34. Thus, the bosses 46 are oriented to be installed into the recéiving slots 42,

-




A durrp hole 48 is formed in each boss 46. As is known in the G%t ch;snpl et e,
integrally cast nozzle segnents, such as the nozzle segrrent yh three
primary datum points, one of which is formed on the inner band. These
primary datum points are used to inspect the nozzle segnent for

qual i fication purposes. Accordingly, the replacenent casting 30 is cast
wth a small flat or datum surface 50 fornmed in the edge of each nounting
platform 44, at the front thereof. One of the small flats 50 functions as

the thir leméu AR A¥sockAheHihedOgt tHe sBf8 Patalte] M&@ ipﬂab%%% &&é&ﬂa@&néﬁ to be

| nspect ed atg ‘-&H‘lefl fd The npunti n%épl atforns 44 have &;iOXI mately the
same shap® g radipl axes ofithe respegtive vaucs th?ﬁﬁheﬂr‘@um%@@éﬁifal dpigithed. Thus
the repl am&mﬂ)emsé Ithwco'i@ergmgiﬁtrﬂeﬁwmﬂmbufd pivey thehiph mhe $usshs as EDM or
mlling, 4 ermvg texce%ﬁ. g% l[;reﬁ%? Hfﬁa{‘ facg % ?t ar e, nachi ned
aretheege SRQUBLE Blaftelns TeLhish havea sig ﬁb £ Pty than Meg ¢ he
peri nmet etbssssb 46m:alm‘ssredlmﬁm aixfoibieosmees 49. Fi gure 7, the platforns 44 are
sized to fit into the airfoil recesses 40, and the bosses 46 are sized to

f11 into the recel iy al SoltZaockBl Monktnidifucadags el e eleplgor me 44

al so renoves the smal’ whi ch are no | onger neeo ter the
r epl acenmeiie oSkt %areeeaﬂwdae@rpr%ﬁﬁéwtfqnébﬁrewnd @)denthé%% vgllretaiadhe ar e

machined flyw mr adldxﬁiy @mhﬁ@mrfe@mg thERESective vai{wﬂ vfahEe @lﬂﬁﬁ agledg, are

oriented.to al e rec 005 whi ch
“are al so Tﬁ‘&& iﬂﬁ% Pg@ﬁ% %’g?rglsllzg ﬁ?q ?‘“ﬁ‘ﬁ‘g %‘@?‘%6’6 machi ned
on the r azdllé:le the< me)ﬁs thiey wees pyethe Dmgumhnmlefﬁégm'emm t Ty peoheds2mod  be

installe fac uld bind

gi ven ¢ ner e OFpeFhebEadenBRE G O RAEERF LB BHIAARS il ch have
significantly smaller depth than the bosses 46, are received in the
airfoil recesses 4@\fien the maghimmghenesatisoe ks eonmsletad dhovirater hantl 16ewd t he dunp

hol es 48.he ThfRaRRRkELEsERE 3T erems%ahaeé th OFofin & m@@%hﬂeaéegﬂg@?%ﬁd a

depth that wll retain velocity oolin

respecti \Fé‘)%ﬁ'é Figrg, 84 é’%“%lﬁr?ﬁo‘ﬂ%ﬂ@ inger bapd 6 ‘Pﬁasb?ﬂeh@m%feﬁ%ﬁ 1dh ‘bocket s 52
aL e siz ednt&ffaédr”:&ith tHeeeplwmemg ciﬂtlﬁg B0. qmsaiﬁdxcm@r ﬁbb\ta{ thlf\/mhér Hafd uhencs arrF as o

t hey wer e Q ozzle.s . pocket s referably
Formed by PEmei Pl 70 % bRt B ibmige PP SRvaS.aE oa

into the correspondmg airfoil recess 40 and the bosses 46 into the corresponding

receiving slots 42. The parts are then joined together by bonding along the following
interfaces: the mounting platform-inner band interfaces on the inner band hot side 24,
the collar-boss interfaces, and the collar-inner band interfaces on the inner band cold
side 22. Bonding may be accomplished in a conventional manner such as brazing or
welding although brazing is generally preferred given the thermal gradients that the
part will be exposed to during engine operation. One preferred joining operation

- would be to first tack weld each collar 38 to the respective boss 46. The next step
would be to pack the inner band hot side 24 with braze powder and apply slurry over
the mounting platform-inner band interfaces. On the cold side 22, braze alloy is
applied to collar-boss and collar-inner band interfaces. The assembly is then placed
in a furnace, positioned with the inner band 16 up, and brazed.

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 innmer band 16) and a newly
manufactured section (corresponding to the replacement casting 30). The collars 38
provide structural reinforcement to the nozzle segment 54. They also provide a
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After the machining operations are conpleted the inner band ﬂ@N@. §he
repl acenment casting 30 are assenbled to forma repaired nozz % nt 54
shown in Figure 8. (Figure 8 shows the inner band 16 in dashed Ilne to
reveal the interface with the replacenent casting 30.) As indicated above,
the inner band 16 and the replacenent casting 30 are assenbl ed by
installing the mounting platforns 44 into the corresponding airfoil recess
40 and the bosses 46 into the corresponding receiving slots 42. The parts

are then sb@nﬂ@@ xtatwﬁbﬂ@éat@ié FBRNChis, g 1 ﬂﬂﬁnﬁﬁ%plﬁ%ﬂnpmneﬂbaﬂdrﬁcﬁﬂf@ﬂs?s the
mount i nglg aﬁﬁjf orﬁr 'ntt@sf aces ﬂgﬁf e i nner band hot ﬁ’ & t he
col | ar - b&%& PRE8I#S d’“f‘ﬁ@ YRR 3 Hom ssRAgtng ffom thedungs banfle i nner

~ band col d6 b&cahseima ccﬂmchvagamgamebmtaﬂm@nnhns%dﬁ)mlbemgqmn&@tl&b@ﬂhc manner
such as ﬁlf& - wel ding although brazing is generally preferred given

the therna gradl ents that the part will be exposed to during engine

operation. One preferred joinjing operation would be to first tack weld
each collar 38 to tlA®ne®s é@td@l@b@g@m@le rgplacemsnt castipg 30vip fibdicited t 0 pack,

the i n”erfrolﬁ@ﬂﬁ dAffe rﬁatelﬁal% thd inhexbdaﬁa%lﬁie\ﬁﬁ?ducea% hhoghygé;m&v% the

mount i ng | at f or nfll nner .hand i nt er ces.. braze all oy
is appl it&d retgins dhe material propsrtics Af|the orgiva H‘E%lf’dsqgﬁteBF f@cdowerRe mssenbl v

13 s t hgn phauheld préfarred fammaﬁﬁent,pﬂtel teplidertle iy bz%htfh@eSOt Em:mbﬂbated £6mup, | i':md g
raze C (,on coatj ngs..t.ha re origina use
are r eaé%? r%%t mﬁeéal ﬁ W&ﬁﬁgﬁ %?’éng'%gﬁf‘?e 8“?‘1@;5%1?6\1{'\{3 r“)’f?ﬂg seg)r/rent
54 havi ngheacaspribati durshg thessedviee tifd oﬁa(gasrmémmomgmngcd:mpmrtmt suoheas Hand 16)
and a_newy. l? a“&:r gH%egFt th vgda(htllbfsﬂ shfis¥1 eﬁﬁloﬂﬁy Wl gu%lpeco LafeTRpt casting

"30). The co g-{) e st ctura rei nt orcenen e nozzIl e segnent
54. - They davaddepgsk ovilgedionally, 1@gingy operators swewldddiave rtet senlacsn existingir e.  That

is, if tfeem@samﬂs Rethed E&quﬁﬂrieﬁkﬁ%brhﬁf&d f?&ﬁt%hé ﬁh}%tﬁved 51'1153%&13@11&%& ars 38
woul d prev he va t r.om nnér band ? because
e i 83&@9@%%8 Hawgtr By &biis fl%ﬁh%@?kgelﬁmq @&inhiGugh t he

the col I &
i nner  barftbri 6he Improwed pilef ethe eepatiet amizale Negmehe 54 eyill asheateNin pagtheg 30 i s

fabri cat %ﬁhancﬁgmaﬁé?ﬁlﬁforﬁggf@te” al as the inner band 16 to produce a

repai red nozzl'e segie

The foregoing has described a fabricated repair method for turbine

. nozzle segments as well as a replacement casting used in the repair process. 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.




that retains the material properties of the original nozzle %ﬁﬁnﬁﬂﬁ
‘However, in another preferred enbodi nent, the replacenent casti %% i's
fabricated froma different material, preferably an all oy havi ng enhanced
material properties. It is often the case that during the service life of
a gas turbine engine conponent such as a nozzle segnent, inproved alloys
suitable for use with such conponents are developed. Traditionally, engine
operators woul d have to replace exi@gtimgs conponents wi th new conponents
fabricated fromthe inproved alloy tTo realize the enhanced materi al
properties. Fbmever by fabrlcatlng the repl acenent casting 30 fromthe

i mproved al | oy, t hel -+ epaft megihotholepaigag 1@Mmﬂikﬁegﬁﬂﬁﬁﬁyﬂ%ﬁ“&%$t, t he

enhanced &Riwihk dlsphe@BRfvdet Dutef A InAELRRAIN SafdaRetHES Sohpegn@ fabricated
repair nethod for turbine nozzle se nments as well as a replacenent casting

used in the repair (SPeeBagsaigymppbang said narlo seomant: andf t he present
i nvent i on have beemofifiag tdiFher bhndhd b ity nARRRLGRM feplabhass dldld ed in

the art that various nodi flcatlons thereto can be made” w t hout departing

from t he Raying gn %@I%‘E@E@i grlegshang Yapent i on as defined in the appended
claims. -9 16 May 2005 CLAIMS 1 A nethod of repairing a turbine nozzle

segment having at |zast Tlﬁlﬁe&@@@f@laﬁﬁqsﬁﬂer@iﬁt%ﬁ%ﬁ'iﬁﬁﬁleﬂ%dit@%@fd bands,
said net hgglécon?rl sin separating said inner "band from said nozzle

segnent ; % CARt SPEPISESer band to a newl y manufactured repl acement

casting having an;@uﬁ@gaé&mﬁhégmhﬁﬁmﬂaﬁgt one vane. 2. The nethod of claim
| wherein joining said 1nn ,ban{g ? said replacenent casting conprises:
“joining a collar t ogning &sitdn spdRellar f orming a slot in said collar:

i lnser ti ng a porti onn&drtiseh GoMmeofofaid dhrtk SERi@EGIRBIALEtNG intdlsaidsai d
stot; an slot; and
joining said vane of said replacement casting to said collar and to said

~ inner band.

3. The method of claim 2 further comprising forming a pocket in

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

4. The method of claim 2 or 3 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.

5. The method of any one of the preceding claims wherein
. separating said inner band from said nozzle segment comprises cutting through said

vane of said nozzle segment near said inner band.

6. The method of any one of the preceding claims further

comprising the step of repairing damage in said inner band.

7. The method of any one of the preceding claims wherein said

replacement casting is fabricated from the same material as said inner band.

8. The method of any one of claims 1 to 6 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.
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joining said vane of said replacenent casting to said coIIarugﬁg 580§aid

i nner band. 3. The nethod of claim2 further conprising formng 4 pdcket in
said inner band, said collar being joined to said inner band at said
pocket. 4. The nethod of claim2 or 3 wherein said collar is joined to said
i nner band and said vane of said replacenent casting is joined to said
collar and to said inner band by brazing. 5. The nmethod of any one of the

preceding clai ns wher ei na 5&RA 8} tpairmd Lt ho i sketdeath SRS ohO82Z! €
segnment conprises _cutting through said™ vane of said nozzle segnent near
sai d i nnefOBaYides ¢ispopad beruter® guist andpnghands, spif angihedcmmising: aji ms f ur t her

conpri sing the stepsehratifpid i@ SAIPBSM sBd 3B Ae kdpagitband. 7. The net hod
of any one of the preceding clains wherein said replacenent casting is
fabricated from t hePI@¥inendneylvamanutagiused eplaesmanh sasting having #eeWe of any

one of clgindBardd bRl brviRFEvEnGAicich VARt AFCHRNtreNlAshidnd daaiﬁgahaﬁﬁgtaed froma
mat eri al that _ has %nhanced material_  _properties with respect to The

mat eri al PANRNgGRIAtoHR frmed ap ene endifhprear avl £ e farmed ve seid, mpBRNE 9. A

met hod of pleg®ai:ri ng a turbine nozzl e segnment having one or nore vanes

di sposed IE)et ween outer and inner bands, said nethod conprising: _separating
sai d inner band fr oRitRg enGlar for saghnane of pad yendagement ¢rsting tonewuiidect ur ed

r epl acenesttsafdashért@ndtavi ng an outer band and one or nore vanes, each vane
of said replacenent_casting havi n% a nounti n% pl atform fornmed. on, one end
thereof and a boss PERREAOHH ressY o6t Nane of seidorenlagesicat astisgeincol | ar
for each MpaRr side SRLA] Rl BaRAMENt casting to one side of said inner band;
form ng one recess tfeor_ each vane of said replacenent casting in another
side of said inner BERiRg aslot in each 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

~ corresponding collar and said mounting platform to said inner band.

10.  The method of claim 9 further comprising fomﬁng one pocket
in said inner band for each collar, each collar being joined to said inner band at said

corresponding pocket.

11. The method of claim 9 or 10 wherein each collar is joined to
said inner band, each boss is joined to said corresponding collar, and each mounting

platform is joined to said inner band by brazing.

12.  The method of claim 9, 10 or 11 further comprising, for each
. vane of said replacement casting, machining said boss and said mounting platform to
size prior to inserting into said corresponding slot and said corresponding recess,

respectively.

13.  The method of any one of claims 9 to 12 wherein each collar is

wider than its corresponding recess.

14.  The miethod of any one of claims 9 to 13 further comprising

providing a dump hole in each boss.
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formng a slot in each collar; for each vane of said replac ﬂ@g@ 6884 i N9,
insetting said boss into said corresponding slot and said noun Y
platforminto said corresponding recess; and for each vane of sald

repl acenent casting, joining said boss, to said corresponding collar and
said nmounting platformto said inner band. 10. The nmethod of claim9
further conprising formng one pocket in said inner band for each collar,

each_col | ar being.j oj nedrhOniod dnpgrohafidiaesdis 14 SAIGERRAGATI MG Pocket .

-11. The net hod of claim9 or in eac coI i'sS ]olne sai d
i nner: bantid Baenband Seom saig @pz?é@lsqgmegamnm‘m% ewfing threnghcesich aane ofrsdideach

mount i ng n&lzﬁtsggﬁgﬁtlngaﬂﬁlicﬂﬁﬂmtﬁgmaal d inner band by brazing. 12. The met hod
of claim9, 10 11 furt conprising, for each vane of said replacenent

casting, machining sal d boss and said nounting platformto size prior to
inserting into sai di%or rBigoated et anomenfelains § tedp fedhrssempgsing dsss,

respect i Vgbyof rbgairid P 8ariBiNadaigfin@pagie of clains 9 to 12 wherein each
collar is wder than its corresponding recess. 14. The nethod of any one

of clains 9 to 13 further conprjising providing a dunp hole in each boss.
16 May 2005 15. Th¥ rretﬂ}?dngﬁ d&f@bﬂ@@ﬁlaép%?gﬁslﬁgwbﬁe@&m aSFReRlepar at i ng

sai d i nnegasiaid fabrRAled Fron HR%EME nSRSHHE B sAPTHE! AR cut ting through each
vane of said nozzle segnent near said inner band 16 The nmet hod of any

one of clains 9 to ther co r|S|n(%[é‘ glrlng damage in
sai d inner band. 17% The ARARE A1 “B9r9 B0 1eplagEBEdi n sai d

repl acerrmasung:aestfam@aﬂes ﬁr@ﬁra Q@éta@hlfmmﬁdﬁemm lﬁ@ét&idl aﬂmﬁe&nésaml nner
band. 18. The ]éhod of Pﬁy Od;lg{l()f cl ai 16 wherein said repl acenment
casting i'SHeEHPit ]rtg Ridigperhagd i frghanced material properties
with respect to the material that said inner band is fabricated from

19.  The method of any one of claims 9 to 18 wherein said replacement
casting has at least two of said vanes and all of said slots are machined on parallel

axes.

20.  'The method of any one of claims 9 to 19 wherein said replacement
casting has a fillet formed between each vane and said corresponding mounting

platform.

21. A turbine nozzle segment comprising:

an inner band; and

a replacement casting including an outer band and at least one vane
disposed between said outer and innier bands, wherein said inner band is previously

“used structure and said replacement casting is newly manufactured structure.

22.  The nozzle segment of claim 21 wherein said inner band and

said replacement casting are fabricated from the same material.

23.  The nozzle segment of claim 21 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.

24. A repaired turbine nozzle segment having at least one vane
disposed between an outer band and an inner band, said nozzle segment being
repaired by the method of:
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19. The nethod of any one of clains 9 to 18 wherein said repi@ﬁﬁ%
casting has at least two of said vanes and all of said slots are” machi ned
on parallel axes. 20. The nethod of any one of clainms 9 to 19 wherein said
repl acenent casting has a fillet fornmed between each vane and said
correspondi ng nounting platform 21. A turbine nozzle segnent conprising:
an inner band; and a replacenent casting including an outer band and at

| east one vane di spa3&dnbelYeRB: SMIFRH SR R2He § +-R@agds, wherein said
inner band is previously ~used structure and sa epf’acerrent casting is
new y manuf act ur ed oning said dnmep bandriea menly mavefawrd whlagtmenh @dtingher ei n

sai d i nnefahang, aRd vafdhil 4RI l. casting are fabricated fromthe sanme
material. 23.7” The nozzle segnent of claim 21 wherein said replacenent
casting is fabricated froma material that has enhanced material properties
with respect to the-matlricplacement eastingiiondisebiiingeraingabirbingt eeezter om 24.
A Tepai r eggiehi] Rl RPGREEReR QARG coRRYikig: at | east one vane di sposed

bet ween an outer band and an inner band, said nozzle segnent being

repaired by the net#ptgand;endis May 2005 separating said inner band from

sai d nozzl e segnents R dRl MinRGin&tAlly PRled BH daill orerNGaMdy sERINVERCE ur ed
repl acenent . casting  having an outer band and at |east one vane. 25. A

r epl acendiVingadt mapnting platormnintegsally iforneduepi oe g thercoks apgrenbess sai d

repl acemﬁiegfmtfbﬂ&mrdﬁbﬁﬁin@matﬁ%ﬁr band; and at |east one vane
integrally Torimed on said outer band, said vane having a nounting platform

integrally formed on one_end thereof and a boss_integrally formed on said
mounting platform 26  Thereplacement casting of claim 25 further Comprising a dump

hole formed in said boss,

27.  The replacement casting of claim 25 or 26 further comprising a
flat datum surface formed on said mounting platform.

28.  The replacement casting of claim 25, 26 or 27 further
comprising a fillet formed between said vane and said mounting platform.
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26. The repl acenent casting of claim25 further conprising al@'k'ﬁ% Opgl e
formed in said boss. 27. The repl acenent casting of claim25 or 8 rther
conprising a flat datum surface forned on said nounting platform 28. The
repl acenent casting of claim?25, 26 or 27 further conprising a fillet
fornmed between said vane and said nounting platform 13 TURBI NE NOZZLE
SEGVENT AND METHOD OF REPAI RING SAME  ABSTRACT OF THE DI SCLOSURE A rnet hod
for repairing a turbine nozzle segnent (10) having at |east one vane (34)

di sposed bet ween outEREINE NQESLEFHMENTIANE) METHQEY separating the .

i nner band (16) fromthe nozzl @@Fm dabdp, and joining the inner band
(16) to a new y manufactured rep aceér?r'ent casting (30) having an outer

band (32) and at | east one vane (34). The replacenent casting (30) includes
a nountin r n one end of the vane (34) and a boss

(46) form{:ﬁﬁ&ﬁﬁk)m@rm (44). A collar (38) is joined to the
‘inner band (16) and has a slot (42) formed therein. The boss (46) is then
inserted into the A aietlifotlfor repuitinghe turbinetrioagle pegménetr(¥0) Kavling & ledsecei ved in

o v RS TR R R A S LS SR )
t he i nnernngsdyad (1%) frompthe npzel® segment (10), and joining the inner band (16) to a

newly manufactured replacement casting (30) having an outer band (32) and at least

one vane (34). The replacement casting (30) includes a mounting platform (44)

formed on one end of the vane (34) and a boss (46) formed on the mounting platform

(44). A collar (38) is joined to the inner band (16) and has a slot (42) formed therein.

The boss (46) is then inserted into the slot (42), and the mounting platform (44) is

received in a recess (40) formed in the inner band (16). Joining is completed by

joining the boss (46) to the collar (38) and the mounting platform (44) to the inner .
band (16).

Figure 3
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