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
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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 |
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or di nar i | ¥ do1apied db@nithAnt B tREnEA, NTudind ASZRYILE thabslyoRentdtit h t he

vanes and 1 nner band_bel ng essent.i al Ly cri\ntl | evered Tnto’thée hot gas
stream Cﬁﬁﬁ%‘h@éﬁﬂ"}f}"fﬁﬁi’é’e ercof 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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-1 16 May 2005 highest mechanical stresses in the nozzle sg ng% H§xcur  at
the vane-to-outer band interface, which in a nulti-piece asse y s a
braze joint whose strength is generally inferior to that of an integrally
cast interface. The nulti-piece nozzle segnent can also be nore expensive
to produce. Thus, many nozzle segnments are integrally cast. Nozzle segnents
are exposed during operation to a high tenperature, corrosive gas stream
that lim i j n di ngly,
noszl ¢ Scpst Debhuih ShEBE by i Pnodel s mehlD 685t TR VAL By ow 6B, 1Oy

ni ckel - bagtedface pdrieh mcg/muhhpueafr assehblyris e beaze doing whommeoghoﬁ geneedlor  heat
resi st ant e r I cool ed
|nternalﬂnﬁﬁﬁ%ﬁég%%§fﬁﬁqhglr xf§%g#8§%%rgﬁ??ﬂﬁpgﬁm%fgggggk %ﬂ%?bng
service | al$oebe mmmmsmvest@m@m orts,, marpomzzbrsggmﬁnts e lntﬁglzalllef cgdgnent s,
particularly the vanes, can become cracked, corroded, and otherw se

damaged such t hat tr@% o4 n%ecﬂ%%o%eﬁndﬁﬁn%% p&haliliflo a hEftlehfpEraflre! €P! aced

to maintain safe ef engl ne operati o Because nozz e segnents ar e

. conpl ex |99TIQBISE RS ﬁff@m‘ré]@f’é léjrmtﬁ* dhacffpetixe ssrpieasiifecintiase | compongws ar e

expensi vea ¢y ?Jfl?d‘zE}érs%?nbﬁts hie tg@@eﬁ%ﬂtbﬂcm ﬁmﬂ‘ﬁ%}é [p%rattlﬁ‘e 65 dr them

whenever p055| Exi sting rep cesses | ncl echni ques such as
crack repuskel-hawed sppaHeyoned arecsfier aeaterh vath eqrrasém andier heatgesiFgiiever
such exi Shitaialt SRALGGH: Cndrfd deffenturd araﬁlang} SoPEd iRy HEEH1inE NI UM
wal | thi cknesses, which are exc su repeated repair and
cheni cal ait extpstadgirpmothe sompressoryty pigdng ¥erdeg Mﬁt%ver@a‘yﬂh el pEoHRmged to
the poi nt,opagfeof hRY arfcf?z%%eg%‘en{se P&y tHOVMed CRA becdhOBRREE- The

t hermal and nechani c stresses In Integrally cast nozzle segnents are
such t hatcorrodest.tand eibenise damesedhsugsnihaf thamgzzls seepants appg Behicitherot her
nozzl e TEFHIRA oS HMEL (6 hiinA SARPBIHIARM CneilUSpordind SCi@pRI ng the
entire noz %eg in sug% aSS| uaf?%h F% &@’f& gewﬁggﬁrable to have a
net hod f Gesmenty aef mnnl%m Aesie, peomadgpef rolasivebt expeesive mefasialse gRbAE. BRI EF
SUMVARY . g):c{:)gﬂ'sl Frel (VinbiTh mﬁ"%&}ﬁbg b ANg&kiAtR G l%gﬁli?tthaﬁ Wigedgpect of

t he presen I nvent i on, oVl a nethod of pairing a turbine
nozzl e sd@awble. havi ng at Ieast one vane di sposed between outer and inner
bands. The nethod incl udes

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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separating the inner band fromthe .nozzl e segnent, and joinj QQM%)L@% dshner
band to a newly manufactured replacenent casting having an out and and
at | east one vane. -2 - --- - ----- ------- 16 May 2005 According to
anot her aspect of the present invention, there is provided a nethod of
repairing a turbine nozzle segnent having one or nore vanes di sposed

bet ween outer and i nner bands, said nethod conprising: separating said
inner band froms e y. 4ed
repl acenent casti ngAgc}?aw% %Iﬁ)?%'qt%gﬁ ecb %\éé)g%fg& 1?mgﬁ\%n’otrhgi% Gg&’%&!{each vane
of said replktodndntpansg bgrbiteavizaly agmaumhavm@ pmfaorf wom franemidsposﬁdone end

t her eof . b rd t col | ar
for each g‘ﬂ%no gra%n lgg%g%g?fggﬁgd glgg}%? doglrgnﬂn%ne Sk ggfa sal |nr(11er band,;
f ormi ng dirmnrwhbsmzﬂersegmemt \paoradiof &aiedfly epdrafahmed re}da@immg casfirgnot her

. si de of Sl?a' zﬂ{l glitelbﬁﬁl a.ncloornrg'oril &e%Jagés, heéa(il@ O%aidalretﬂ&rzaﬁeﬂ%acﬁ&m ne of

- said replace : |nser oSS sa corresporrdi ng sl ot
and sai d havogn mngnphglpfauionmfnnmcbam dne,@nd dlsperfdindga be&se&)gfne‘bnd stigh each
vane of s e ast] ] [ spondi ng
. collar an mgnéll lﬁg& rﬁ’”ﬁ%m% &E &ﬁ]r%rtﬁglj gdé;?gva;ﬁ%r?grsgﬁ I%Hfag ccor ?tﬁ{ {t%o anot her
aspect ofoxtefmdqaoésmhhnnm\band i formingh@eerecess rfpr)vacr!hevhnea)ft Stan:bmplﬁcnmzlzﬂ e

segnent c( : ng, uding an
cuter bard ais TR Sihel St B Sy RANPhRE T AhER BE TR SAT, Fifach Bae T T
bands, m/rrérse:drrep]acdmnﬁ neshngannisertmgmaai/bm gitp swslezsbr@qumdmgméotmd sgigdi d

repl ace S. ne e r C i anot her
aspect ofrﬂélﬁntﬁlg éfsa% |1rr11v%e\@1f1| on, %@?@H r‘éc&g ldgé (L;{O? eafg ge%hrgeggt i ne
nozzl e sag;ﬂacﬁnénﬁvasmggajommgsmdcbn$ toaaiel meémgb@ilmd sard mgulﬁmg band and
an inner I segnent being repaired by the nethod of:

separati rplgmgog‘fndt%%nﬂelr % mgdf rom sai d nozzle segnent; and joining said inner
band to a newly manufactured replacenent casting having an outer band and - -
at | east one vane. Agwoubnglionanother asmschef thappesent iovention, thewsie proviigedent i on,
there is e #!]ﬁg‘ﬁ S o] n,r ne
nozzl e seagrtrr"gﬁ ng,lgoszgl dg ?%ﬁlénflﬁg rahrignér Eaé{rgs%ﬁngl % I&Hgér%e&tggtragkg

at | east iocladngre qultﬁtrévgncélano}/ af bastmeman@ dlsgowdtt@twmmld outgr 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,




16 May 2005 said vane having a nounting platformintegrall y[6f1\g§yr@(§b50n one
end thereof and a boss integrally forned on said nounting platform The
present invention and its advantages over the prior art will becone
apparent upon reading the follow ng detail ed description and the appended
claims with reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF
THE DRAW NGS The subject matter which is regarded as the invention is

parti cul arl inted out .and, di sti.nct] aj i.n i part of
Phe spect PidupBahgA sothif Riitaih Bl ol 58 sh® shdrofiRiEht 8 7

r ef er enc entegratlydofnaodd covdaitmoestrg gatfcom. t aken in conjunction with the
acconpanying drawing figures in which: Figure | is a perspective view of an
engi ne run turbine e : i i f Ve, Vi of the

i nner band separ at e’@%??%e%e@h%%ﬁ%%nzla@h%&%ﬁﬂ%@%ﬁﬁ@@%ﬂ% %]rYurngB is a
per spect i heeomieaappaentupapteadiogwin folmsting getadedi deseriphen and fuwi appenddadod of t he

present iRy j - Lagur i i vi ew of the inner band of
Figure 2 ({géégl:gh%%&f)fﬁ%?égg}%tagc%wr%&g&odn\égi gure 5 is a perspective view
of the inner band of Figure 4 after machining thereof Figure 6 is another
per.spect iBRIER BPERSGRIRAEON ORPHIH BRAWINGSgure 4 after machi ni ng t her eof
Figure 7 is a perspective view of the replacenent casting of Figure 3

after nmachining thereof .--3a .16 2005 . Fjgure 8 isS.a .perspective view
of a repaired turbi _Wgﬁ?@ag%wgﬁtyr‘.ls _ fl‘ffiE% %%@Wd%@h‘%ﬁfyl NVENTI ON
Ref erri ng,difed et SHAWMsRASIRBIN i SR dneRMieHRf BNAR §PéiRicalien dRote the
sanme el enents throughout t'he various views, Figure 1 shows a turbine nozzle
segnent liovéndienlepwaves mayrie estwnigratoxthereferenss t¢ the foHewingndescriptiogr e

di sposed alget.ween an. arcuate outer band, 14. ar}fi an.ar u%te i nner band 16.
The _vanest €31 1j) SpRuyRcuon wi ¢ 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 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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airfoils configured so as to opti mal | y direct the conbustio[}t@?[sezgéﬁo a
turbine .rotor (not shown) |ocated downstreamthereof The o A nner

bands 14 and 16 define the outer and inner radial boundaries,
respectively, of the gas flow through the nozzle segnent 10. The vanes 12
can have a plurality of conventional cooling holes 18 and trailing edge
'slots 20 fornmed therein. Cooling holes are nost typically used with first
stage nozzl e segnents; |ater stage nozzle segnents ordinarily do not

utilize such cool iﬁg?@%'&386%9&199%%@%@%c&goee ase Qlty made of a

hi gh quality supera as a cobal nic uperalloy, and
may be coated with a corrosion resistant material and/or thermal barrier

coati ng. DELAH-ER PESARIBFPNORTHE INVENTIEN a plurality of such segnments 10

arranged circunferentially in an annular configuration. Wile the repair

met hods of the pr esm@mng\t@mel d?ﬁ\wﬁhg@wﬂ@&ﬁ{ idefusal PéfBlefice nidials @RS (O a
L zed .t hat the present

I
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dammge S\ehad i ilad 63U bark19oh 96 AouRSRATBRTIRY 3 VETRADAlEE O

foreign cts inp a portron of the
nozzl e s@gﬁ@lﬁ cop@gumysotﬁct@r@tmﬂﬁgi@@ctt e combpgtion garmmea irbipgioter be

repaired (Qy shB%&"lo%@tEa'dbwnﬁféaﬁﬁtﬁ&%f ’f'ﬂ?e%ﬂ?érea%ﬁriﬁnér 'B&:?d},tlu%d' 1% ddfhected to a
met hod of repairing ag&lﬁlb segnent 1.n which the_inner band 1s repairable

whi | e ot &g oyl 3nddnaery; Wﬂ%ﬁsuﬁépchvelﬁo‘i’f th%ﬁ&‘?l flow ﬂgou@ythmgmh exanpl e,
the vanegedem1®. Sit@vunes | Fegilisvela 1ﬂ§rah bM@nventioanisiosting ABRYES anl@h as to

b - bl e h h I d

s ropai 3 'rrregaecieﬁé% e s GO Hyel s BT bRIELY e PR 8671 1y ci

nozzl e setpgemozzlehsegmeotst datbrestage doamla begmdnts otdipedy alo muizatilize sse@ment S as
I'l. Th i h

ot 'bIAREA 1 OSSR O QA R0 O PR RS 1

16 to a spparboey,ysuch as aecabaly ozgnek el -beseil srperallepsvang m@mbq: goated eﬂdthcastu ng

t hat rep'&ﬁ%&oﬁ?&xsﬁéﬂt@ﬁétéﬁﬁaﬁ&/@ﬂh\éﬁhﬂ*bah{h@coh rA%ﬂ@fﬁrﬂxﬁ WRainé gapved. As
seen in F_Héure 2, eable in band 1 r%\tte]:}:r@pa cold S|de 22 (the

| v
si de facil u%/ayPF'faHFM P%é ﬂ%ﬁe%%@mf ‘Q\RH&WS sl éFéaQ@“(‘P B side

faci ng t henfigiratés Whilenid fepair aiethods6f the presetiipdition and desérmbedhieredn such as
flanges 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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26 and dunp hol es 28. The flanges 26 provide structural supq%r Qod?e
‘i'-nner band 16 and al'so provide a sealing function when the &wi Y& Segnent
10 is installed in an engine. The dunp holes 28 are the nmeans by which
cooling air exited the internal cooling passages of the vanes 12 when the
nozzl e segnent is intact. Figure 3 shows one of the newy manufactured
castings, which is hereinafter referred to as the replacenent casting 30.
The replacenent casting 30, which is described in nore detail below, is an

i nt egr al \{f&?
!spe'c?f [ cg?ﬁl fhe | mﬁ%alﬁigi’a'cﬂﬂe@@as?i'l%%atb&g%cg@tlﬁnﬂr&gﬁﬂe [ nspecli\éb engi ne
run nozzITIeE bk Ht Was ermevedd Afsrsé?ﬁ imiigpsedd, dhe saivageshls inpyband 16g bag | f y such

segnent s o 101d didd 2haleside ffﬁ:@@g m@l feorh reﬁeelﬁottgagl HokPath)id £hétlsiRM4@HZ
segnent tructu

Once a sui e nozzle nent 10 has
Do otk it 1ot g R UPE). S InEges A BRGeh SRR RUBESREoY cuch ac
corrosi oaéand tihmprhelesrzﬂs rmmlangcs@ﬁqtrmgsatmdu&hl smpyodoe) the @menbandTlite coating

mat eri al | chn e, .S as

b1 ast 1 ng 2 sf ok AU REHE NIRRT neR dhé BRealc sGmB i i RaTR

t echni quesginghd hnesklmpsh@ps 28 ateothe apesing by rvelukls coolinghr exitedrthbimietnals  and
erform I Kk '

- 'Itoechnl qugg [sé‘:} ﬁggse gfl He%gfsalz){‘ﬁgg?ﬂ\fe &EQE %ﬂjcntqﬂﬂ?&t P%ﬂﬁ g tllile like ' .

These cofbedfi Badewly dpaiufactypd Icaﬁ@gésaW¥ll‘%‘dlsobﬁfeI§§ We@‘&!ﬁ: dépghdfing on the

condi ti orﬂeppécetﬂaﬁt capfiep 302N 0hd Geplacdiiént 84stiag i 100 vilfic ReddsBlibedomt inbgs t hat

oo o e e Bl o el g Rend 4554 St *15” ' °

Separation is acconplished by rough cutting through both vanes 12 near the
i nner band 16. The Maretspagjficaly, e mitifl ctapedf the mpair cwetivenisitorinspenteans such

as an abrﬁg%hé! xé'ﬁ%&il@g;eé‘g%%lr%m%h ' @lrief ?&%Pﬂ@nﬁ’i&?&e{ﬁk@gm&ﬁ ver

separatlon unsal v structure i S scrappe I'nner band 16
is pr epaﬁ%ﬂfff@?r 100that hgve taofe&?hiéahlféplﬂwéebmdt l@awmlm@tlga@ nozre fegment step in

the i nne&u@@z{ﬁ@ @h@ﬂ@épﬁim@@ '@céﬁsuﬁ‘ﬁﬁé‘h&%lé y&gn{ehtato %%@ﬁ HeaRfiéd)io the
I nner band as shqwn i ets 36 are provided

n Fig
so that ﬂ‘ﬂéﬁ‘g b\g,,qtqlpggg YRS rqa&qnagsaéﬁclbps pﬂrerostx%or 5’&%@1 1gsistaplyr nozzl e
segnment s cbﬁiﬂg@p thent dnéyf e giesennntiee oohting AeSerial rﬁ@r bespinpdd nging-anyl6 My

2005 el Ol RSS! SudPH G DS cHIROROBARS a3 ficd SRS g2 OUnd the

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, usiﬁg 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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dunp holes 28 and are relatively shallow. The dunp holes 28 ¢ b ed to
position the tool used to machi ne the pockets 36. The next §§§93Y§0@§ tack
weld a collar 38 to each of the pockets 36 as shown in Figure 4. The
collars 38 are solid, generally rectangul ar bl ocks of particul ar

di mensi ons and having a flat surface that interfaces with the respective
pocket 36. Thus, the pockets 36 are provided to facilitate seating of the
collars 38 on the contoured cold side 22 of the inner band 16. The collars
38 are pre S L K| L] .pner band
6 or at pDer Bt Yook Syl b} NP fll Bl 36 o e blolla 0 BRSPS, ey

| r]orningto.
band 16 anmpthedes2Bpindasmsinativelysshaliepv 3The amp beleags n@lw{m useditgpesiors and 6,
the i nneg,baRpyskd 4 BEBKIIORR polkets BgChi ni ng operations after the collars 38

are tack wel ded in place on‘the cold side 22. In the first operation, two
recesses 40, best en in Figure §, e f in the hot side 24 of the

i nner band 16. Theslg’@rqeﬁ%%tﬁl?%o'f’ t?afews‘@c’ee@[?g%gdogbﬁm&ﬁhm@?ﬁ Heas airfoil
cont our @howhén Fignest, 3Phe dollarsBsedre solit] gomunalby reofhnfdinblocks o particiilkoi | shaped
recesses 40 is to plunge el ri.cal,, di.scharge hin : a recess 40.
This is dgg%%sﬁ%si aélﬁelgavu '%fﬁ%“‘?ﬁ?ﬂ‘%ﬁe@%@&% g@ﬁlﬁegr %H%%%Pglﬁ?@ghape. The
el ect r odghus, thel ponkeld ¥nlage providedefot facilitate seating of thdreolfidre\F8pen heval | and
does not | , | ang es 40
wll br eggéﬁp%ﬁgéﬁqq ﬁ,(els ?%r?grt_ﬁéégﬁg{%?gfdalta@ ??)erréﬁ }a(r)cat i oﬁg?feg@%cglﬁgﬁgﬁseen in
Fi gur es theasame or similaryaatert]) ag, the Jpnes, kangd; Ifepr athisast ofie magesiak §wd is0 such

that t heyoRipafibI8 M jbiteng tB8s inB& WAna 11646 WeTelRCkriH ORinp36S through the
open portions of the recesses 40. The dunp hol es 28 can be used again to

position the EDM el.gctr.ode for.the plunge operati.aons., The EDM pl unges
Por the tvio.r coesdETartbaet © ERty %t ol guid eay 18 pderkig frie s

t ur bi ne mechiréng opgrations afterahe cellaeBreret tack weldedivepladeronathe ewidgidar22ar r ay, al |
of the v [ -adi t ity GO e[~ h [ Ne' terline
i s and e ffe BErioh; (o BUESes M bolUUR OBRSe 5, e BRAAE de 381 ]| 10
axes t hatsideo?4 of gamiinen batide16.adihal pesimeterost thhgeeessasel: anpsoximates tBe of t he
repl acengifif 8sitbi%38e vaRE 34! CORSPretetred haNeR ot ﬁﬁm‘ixf@&e?aﬂﬁ)if §apest i ve vane

34 can be property seated therejn. In the, second machi ni ng ogﬁgatlon, a
recei vi ngesssEs 4Wis te Plvaghelgeacal; dischargs apachiie) (FPMbeackpeccsetd #slots 42
ext ended aeesthplishyd i@ UGNEDNE eleetrbdy BavdBg thebairfoil 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

-6-




-16 May 2005 and are generally aligned with the |ocation of %Q@ hol es
28, which are renoved during the nmachining operations. The 8¥g&@5 slots
42 can al so be formed by plunge EDM In this case, both receiving slots 42
are formed on parallel axes. This can be acconplished in a single operation
usi ng dual el ectrodes of appropriate shape. The receiving slots 42 are
parallel to permt installation of the replacenent casting 30, which is
described in nore detail below The replacenent casting 30 al so under goes

~some machidileGendi aﬁgrfelasmﬂ{thenoéa@ioﬁ%rm dupiy1edles' 28, bfificH A8 SEmbRAd 16.
Referring again to S seen,th @crelace nt castlng 30 is
2

s |

an integ ‘&FIF%/ﬂB’aQPCIHF”%BeOH’?WROH@ anSIRCEVing, #ha Sth? d 534, The

out er bapking? EaM. muﬁ§c£sé utle rdcebrisasBts A9 a&@Me@en@aranMegt erhiaozzl e
segnent 10 b ncl udk ﬂ%dt e sa I nt.ernal L ) ﬁg I nst ead
of an i nffdtPHIEQMPHREdiags ‘b"éls‘tsf%g‘&% eﬁ %%ﬂ’?l?{&“‘p ?orm 44

i nt egr al The teeiving clotst 4% arequiirallel yo pamet irstadlatién efithle replacendeht céstinigl | et s

f ar med a% tvpl%ch Sn(% %ﬁtxﬁ {@éetzﬁ?pg\?g‘)um' ng platform 44 and vane 34 to

0

reduce stresses. noun rm44 has a raised boss 46 integrally
formed on the under5|de thereof u hole 48 is fornmed in each boss 46.
As is known i n t heThe t replasampiit éasﬁlliﬁ eg) atlpy wndergoss some sawyekining, such as
t he nozzpgerg@si¥Bitor 10 beifdyéinédoae mﬁnemma Ut REfeRPigighin QMEgle MR ch s

forned on th band.  These ISI mar tum 0| nts .are used, t I nspect
the. nozzPEen BB TeRIBFTHIATRRNE A0 1A PN Gk PREE BRYiRR g gutet b
repl a_cenﬁllrandawbmageﬁm | $he aster band B2 and vahds ¥4 &t tloy saind ativee bage 50

formed in.t dae, 4- t fr nt thereof. One
of the sﬁ%‘f‘&% & 7'egﬁgﬁunc9m§l§@a@%§ %Hﬁl e?'alémrrgl%f ég\%u POTHIE enabl i ng
the repl astadrf aagnengagh thanr@@qemptacasaag 3 chag ramiofinténg pliermaidnt i ng

platfor ”Fnté% AYSnfelRh A fﬁglaﬁwnﬁé}%nﬁ RFBacH\ARE 385 Al Rffet b fRlilat RCESSES 46,
but are purposely oversi ze % E acenent casting 30 _undergoes

prel i m nHHSrSeRNOR| ofi $agh meunking Pplat g | apg 34tte redwss eressase sBacht ock

mat eri al mohhngpk affaﬁ@azt hﬁ@aé ra@srea bemé:etﬂ inegralyFoinked RABE anddisidd Blctedm sur f aces
of the nt| a dt perineters of the bosses 46. As shown
b bele N foftgri caaf Boss

in Figur rzed to fit into the airfoil recesses
40, and the bosses 46 are sized to fit into the receiving slots 42.
Machi ni ng t he edge#sa$ kndven jalthe &by complete,ahtegrally embnoszle begnsmitsd, buchl at s 50,

whi ch args R | OR8N RERORA hild Blfed NmbSRlaRis Foils, 64S bt Wtich 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,
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30 has been qualified. Al of these surfaces are machined o rabgﬁg axes
for both vanes 34. Thus, the bosses 46 are oriented to be i into
the receiving slots 42, 16 May 2005 which are also nachined on the sane
paral l el axes. |f the bosses 46 were machined on the radial axes of the
respective vanes 34, then they could not be installed into the slots 42
because the convergi ng surfaces would bind given the height of the bosses
46. The nounting platforns 44, which have a significantly smaller depth

than the wtﬁ&isﬁx%sals%%a@ﬁ@edrﬁpﬁﬂe\’sﬁﬁe Iparatueﬁa:@ls r ipﬂhle %&%@%ﬁ%@eré%acﬁhé& dunp
hol e pocket 3(29,133 i ned into thﬁs& gln‘g hol es &dc kets 52 are
machi ned & XSS QING HFFRPCLYP danes él}ﬁYH’OPHjalﬁ"t\HcImSt@l dne thte 1 ow
ﬁnfl vil8 o&ldtslmﬂ)ecmeé ﬁhbgccﬁxlvérgﬁig $urfages heuiaeﬁmﬁgitvemhe/gaght% tHe Bodsbe dulrm

ol e t he zed,.so . t cool i ng
air fl ow‘lghrd]ﬂ'/e WSBWV PW%E ’t‘ﬁ@(ggﬁ %\glgflﬁ{étﬁ'“é\%rs@auﬁ ‘EIWB’ g’f’f‘gﬁ% nozzl e
segnent 1OsseSHE, groudceived hitthamefoibreedseesall. y f ormed by pl unge EDM al ong t he
radi al axis of the respective vane 34. After the machining operations are

completed the | neribgekf 18ApoddhS 2o ARATI 58P Wi nale @pserb! ed

toformarepalred nozz segmne own 1 n g igure 8 shows
the i nnerthsaieakersS? Areaachined tPﬁé’f?%'SF%t%Pé‘al arphand ¢ denpth fthad avilliretaingthe

rep: acerrﬁmevt @xaswwtgty&éfaooﬁﬁg aiﬁg%gmgenbg Rbsectve Hm% 34wt?iﬁrthé) ia@leaﬂsd t]Ehe

_ rep acemaiﬁ_‘raf g}e ar e .ass in eqmounting pl atforms
£ o 101 55 ey e Bl R 4 e st o SR it e e St ala yg%ey o 1 6

cor r lagpgrwillr’:g the ;a:rm as thgy gﬁam m the orifinel pErlesegmentt hbrﬂ“ljla)pmukdtstsagm ﬁer gy

bondi : . t i band

boncl 19, Shoh ikl b RN LA SRS BB B e LI RE ! et band,

the collar-inner band interfaces on the inner band cold side 22. Bondlng
may be acconpl i shed\ffer the swabiaing enesations arcesonpleted dbe inmay bangl b6 andwel di ng

al t hough 8 't egt s t hat
fhe par td@é &1 0D nieht 9 gaéd rePEREAbIE Ao HoMB ™ }é;ﬁalrw%ﬁﬁh &gﬁg&grgﬁe d | o1 ni ng

|
oper at i orfh w%d?%?%’géggs(%ig’%? 8s é‘;i'ga?éﬂe‘&gl A &%Irllnaﬂasb@ hipe E%@V?f’ééb%ct i ve
EOSS 46. 1ﬂ’t|@ﬁ'a¢teo(§ith ﬂtelesplaclvmﬁml cix¢ing A0, Da&ﬁmdicbl?d IaB@ﬁl tlib&t Aflertahd $6 g 23 W t h
raze po nd a sl unry . over n at f.orm, pner n
o t aodl® FeaREnBRE s Re Pcate RIS, IR heliyBe i bt 2" oss and
col | ar - i nnter thb adespondingaudeil F¢ess 46 saudithy bosset Hénind aloe dorrésporalidgir nace,
posi ti On?gcew&g sﬂo?eﬂ' nﬂferpap@'ﬂﬂ: thén h%edqageé@r%g%%ndﬁlﬁsﬂéﬁé’ th@%ﬂow?ﬂé osion or

thermal coatin were orl gl na
interfaces: the mounting platforrn~1nner 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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reapplied in a known manner. The result is a repaired nozzl
‘having a previously used section (corresponding to the mnglf’s@ggg&i%) and

a newy manufactured section (corresponding to the replacenent casting
30). The collars 38 provide structural reinforcenent to the nozzle segnent
54. They also provide a -8 16 May 2005 secondary retention feature. That
is, if the nmounting platforminner band bond fails, then the collars 38
woul d prevent the vanes 34 from separating fromthe inner band 16 because

the colbl aécdfdawhefwnaﬁwg&s ’I‘hgﬁs ﬁglt%@h@u&& ;ﬂ@%@ﬁhﬁh@r Baﬂdlt&ﬁdtfmsouggot he

i nner ba erre odi e repl ace casting is
fabri cat Elge (?‘P 5ﬂﬁ?rﬁ2’%s§ﬂ€ldr?é?vé’m vggestnﬁghpﬁhgpm@ % 1}3?‘333@8

" repaired lﬁd:z:z:iusesﬂm&gcxdtar oSdrhatdpreventd thieeollafiS8nivdm beiak pall@@&&bm@sth@f the

or.i gi nal iltﬁ_%; § egment 10. However, in another preferred enbodiment, the
repl acenment ca Ing 30 is fabri cated froma different materi al, preferably
an all oy having enhanced nateri al operties. It is often the case that
during the service Injong Mfeﬁembﬁﬂmfn@eéﬁ@ﬂmmmeﬁﬂ lsﬁﬁblmcasda nozzl e

segment , fopiRV@heahheMal AUhd ﬁiﬂ&eoa‘ilﬁrm%?r(%fc@a lﬁe&%ﬁ?ﬂ@ nf5£
devel opeg}? Tradi t |y, engi ?egé)g,per at.o ave to repl ace existing

onal
conponent@pRHS ﬁh?v% PEPHEE rthe Sflé’dla“ F‘i’ﬁﬁlﬁt srEmerh i By EPwaVERYN { o
real i ze tahether phefated emtiodimail, theopplack@ent b&%‘ﬁﬁg €30, 1d)faﬁr&bfedcﬁbmnﬂ t he

Cegmont ”%Z‘*m&?frﬁatsﬁﬂ?’ﬁwf?rﬁﬁassﬁ?ffox R FitaRee et rd oo JEP BB “The

f or egoi n@hma@edhgtcdumﬂm feavice Gifet eﬂargpatmrbmeeeﬁgmb tempenenbsuch anwzzle
SQENt s 135 IWeldenfit, Aith k/@&emsgge SHRHIE "or VBRI with SPeh 'BRohed HES, Wile

'speC| fic I nventi on have been it will
be, - app&eeserado tﬁé@@h@wm canging pn@ram wanld iave ogs rml@nef mwtmgms

thereto %am BReriidgth v b&ﬂﬁor{éﬁ@qaﬁﬁc@&dff&&ﬁlth@ gﬁevéd au@,n@ R51PRaLeT the
i nvention gﬁ?flned in ende MS 1A

ot hod offasas Mt Wapsisse HBYoYE e:éé%nf?ﬁ%men@pg?em@gsqasﬂng 3

: from the improved alloy, the repaired nozzle segment 54 will obtain, in part, the
enhanced material properties.

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.




one vane di sposed between outer and inner bands, said netho 6%&%?56@§”g:
separating said inner band fromsaid nozzle segnent; and joining” §aid inner
band to a newy manufactured repl acenent casting having an outer band and
at | east one vane. 2. The nethod of claim| wherein joining said inner band
to said replacenent casting conprises: joining a collar to said inner

band; formng a slot in said collar; inserting a portion of said vane of
sai d replacenment casting into saidcisAgks and joining said vane of said
repl acenent casting to said collar "and to said inner band. 3. The nethod
of claim2 further conprising formng a pocket in said inner band, said
col lar being joinedlto sAimethedehrepainag aitubinengsaieisegment haying atdeasod of

claim 2 ofne3/anb alspbddabivbef QliteRhnd fnkPba@S shid Méheld c&ﬁ]IEl‘i‘sﬁné?and and said
vane of said replacenent casting is oined to said colTar and to said

i nner band by br azi f5§arating said Ipgy fogm g3i¢ nezrde sgemant apfecedi ng cl ai ns

wherein separati nGjofimhdsdid ier BaAE 1d & HWERALANARZHIQ RBREBAEN AN Ses
cutting through sai vane qof said nozzl e 'segnent near said inner band. 6.

The ' met ho¥VEie ARt end and pdeqgst @ReYANSg cl ains further conprising the step
of repairing damage in said inner band. 7. The nethod of any one of the

precedi ng cl ai ms wWher ei MMigAmethod 8P LRGR TeRher6iaSbiniik da%d frabF b&art 9cafd om t he
same material as said i nner, band. 8. The nethod of any one of clains 1 to 6

wher ei n SEPGCCRRICAVBECATPESSt i ng is fabricated froma material that has

enhanced material jBinased &dIRS toMaldinhesieal to the material that said inner
band is fabricated from -10.16 y.. 2005 9. A nethod of repairing a

" turbine nozzl e segni@APIEAM I sid cllarnpr e vanes di sposed bet ween outer and

i nner bands, said naidetk §PFRIINSHNGid vaRPST @id RéplaRindni SiRBHg BRddafdr om sai d
nozzl e segnent'
stot; 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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providing a newy manufactured replacenent casting having anmgwa?ﬁoogaand
and one or nore vanes, each vane of said replacenent casting haviing a
nmounting platformformed on one end thereof and a boss fornmed on said
mounting platform joining one collar for each vane of said repl acenent
casting to one side of said inner band; form ng one recess for each vane
of said replacenent casting in another side of said inner band; formng a

sl-ot in each collarg, forA@ﬁ&hod/aﬂﬁepafﬁngaA rBifPhGSATRBIn HARMIAY ond BSET LI NG
said boss into said g@rres ondi ng s| ot and said nounting platforminto

p g .
sai d cor r BSPoYdLheispased Betwegmguiphandsigaer haagde syf mothed ¢aamisingient casti ng,

joining said boss, §e?a1§ﬁh sai&iaﬁfe%mm%ﬂgaia%kﬂés@gaven&ai d mounting platform
to said inner band. 10._ The nefhod of claim9 further conprising formng

one pocket in sai dPPHEIE daRUlY manyactyred geplasemenh epsting haxmgya ages oi ned t o
sai d i nnepaddangl dhe i Fhord VaRSS RAAH VAT RACYKE! refideembn d&ﬁiﬁggﬁaﬁﬁg'&i aim?9 or
10 wherein each collar is joined to _said inner band, each boss is joined
to said cOPPEEEaiR smedon eeendathpreabard bgss rmed onnsaikmoBntiRg t o sai d
inner banglat®ymbrazi ng. 12. The nethod of claim9, 10 or 11 further
conprising, for each .vane of said replacenent casting, machining said boss
and sai d nounting pPHiRSHNE qodar for gachyyang of sgd replasemenpcashing tosenegide

cor r esponglisafll ish&@thaadd said corresponding recess, respectively. 13. The
met hod of any one of clainms 9 to 12 wherein each collar is wder than its
correspondi ng receslerming ong, geqeps defy et NaRe Ghsaisk replagemgnt caRINg3int ur ¢ her
conpri si nghotliRk oMde GF §8d fndkBanghol e in each boss. 16 May 2005 15. The net hod
of any one of clai 9. to 14 wherein separating said inner band from said
nozzl e segnent conpPiB@E tin peFhiQHaligh each vane of said nozzle segnent

near said inner bangy cde vahbaf 5824 héflaRineANdhsBRe ifferisl PP bSstiftoLaidf ur t her
conprising the . . . ) .
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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step of repairing damage in said inner band. 17. The met hod l%fdM??%OWe of
claims 9 to 16 wherein said replacenent casting is fabricate omthe
sanme material as said inner band. 18. The method of any one of clains 9 to
16 wherein said replacenent casting is fabricated froma material that has
enhanced material properties with respect to the material that said inner
band is fabricated from 19. The nethod of any one of clains 9 to 18
wherein said replac nt i 4ot j -and al |l of
-said slots are rrachIiaJrTlgd %t}h&g‘gﬁﬂé’ﬁﬁ’e%?’a%s‘%fe‘%%}“ﬁgo %tvﬁgécrig%:‘ég%ﬁgn%e of
clai s 9 taid moexppad diom sad aozadpsegmenteamprises eutting Hugugh dach vene dfsaided

bet ween - egphi@RGe@asaifinae gpagpondi ng munting platform 21. A turbine
nozzl e segnment Conprising: an I nner band; and a repl acenent casting
including an outer band and at | east one vane disposed between said outer
and inner bands, whErei nllgmethpdabanypenscplickims &\ip dadpgher gemprising thet ur e and
sai d repl agroEepaifAs liMskd ia sHa\Whder BRf actured structure. 22. The nozzle
segnment of ‘claim 21 wherein said inner band and said replacenent casting
are fabricated fromthe same material. 23. The nozz|l e segnent of claim 21
wher ei n sai d repl acEment ThedBehqdfy apyone.ofclaias 2tp ¥ whsrein sad esplasemepfat  has

enhanced aBff is FhbrRaRAGTdnh B sinkatérBS REEHd et adat erial that said inner
band is fabricated from 24. A repaired turbine nozzle segnent having at

| east one vane disposed _between an outer. band and an .i nner band, said
nozzl e segment bei n@ r ep&it Waf%%nqgﬁﬁﬁﬁsgpmﬂlﬁ%sﬁf%%eﬂt o
separ at'i ngstyd ¢ ifabRiehtel ofiéinf 4 QRAtERII AhiOEZ enlSROSE Materdd) hrbpdréndrighal d i nner

band to a new y manuf act ured. repl gcenent. cast havi ng an outer band and
at | east IBWCVéﬁ}gng@nakﬁ?@ﬁl 3%{1?%@%4%&1“56 in repairing turbine
nozzl e segnents, said replacenent casting conprising:

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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an out er band; and at |east one vane integrally formed on saj Mg?f{, band,
sai d vane haV| ng a nounting platformintegrally fornmed on one e %ereof
and a boss integrally formed on said nounting platform 26. The

repl acenent casting of claim25 further conprising a dunp hole fornmed in
sai d boss. 27. The replacenent casting of claim25 or 26 further conprising
a flat datum surface fornmed on said nounti ng platform 28. The replacenent
casting of claim 25 r I t formed between
sai d vane and said %%%1?%%33 it B ropfl QR g 2R By b T AND. NETHCD
OF REPAI RI NG SAME JOJLKB@I'W&W@F bapgEtp mgmaufapmm teplicémentragptiiz i ng a

t ur bi ne r}gd;;dgeans(ﬁgéfqﬁh | east one vane (34) disposed between
-outer and i nner bands %%%@Qfé?%%ﬁﬁgv%tgs separating the inner band (16) from
t he nozzl e segnent (10), and_joining the inner band (16) to a new y

manuf act ured repl acetentA cieplaragent3esting\ioR gisanino irperinga Hbing 250zl at

| east onege %ﬁ@ﬁts(s%farepfat}@mé&[eb grggﬁ{pngﬁgtl ng (30) includes a nounting
platform (44) forned on _ one en the vane (34) and a boss (46) formed on
the mounting pl at f cdrRutgrband; andcol | ar (38) is joined to the inner band (16)
and has a sl ot (42)atf1@£§¥%et%%elhfbgralf§h%rﬁﬁﬁsorf ﬁﬁ)l dtﬁerti?ﬁﬂ IsBReldRd 1nto

the slot (42), and the npunting platform (44) received in a recess (40)

formed i riavhig RnmeRNtin @latipem., mstiﬂrﬂbhg“omedceﬁwr@t eed ghercplopnd g besse boss

(46) to tihRorM §|f&ﬁnmsamoﬁmﬁlg@é{ﬁmmg pI atform (44) to the inner band
(16). Figure

26.  The replacement casting of claim 25 further comprising a dump
hole fonned 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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