FABRI CATED REPAI R OF CAST NOQZZLE FI ELD OF THE | NVENTI ON Thi s invention

rel ates 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 t her ef F %FB%%ERWQB%%EE@Z% provi de useful work

such as powering an aircraft in flight. Aircraft engines typically include
st ati onar grgh QP eHRIREARErIAAt  enhance engi ne performance by
appropriately influencing gas flow and pressure wthin the turbine

secti on. [Thisnmi¢ntiont mbpgest ganbially to gzt itanbsie ¢ngines mad noare| estialalypicathed  at
t he entrance. oflc egch t ur.bi ne %ia e.to channel conbustion gases into the
turbi ne r 6PgF T RERIESGZHE ST FULIRCE 7 8458 REPST-e. Tur bi ne nozzles are
typically segnented around the circunference thereof with each nozzle
segnent hBACKYGROLNID nore vanes di sposed between inner and outer bands
that define the radial flowpath boundaries for the hot conmbustion gases
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approach, the nozzle segnent.is a nulti-piece, ass | y. conprising. an inner
band. - an’ SUCEF TRETEATPORE (BT CTHOPESPA AL PROSIGI AT AOTTeas PR aual |y
cast. Bot By airB@fti iR TRERtANMArQLHk @hgiReNEPicAILE il sERMbnih! thrbihOhSzzldR ttRatWhi Ch
the ends of the vanes are brazed in place to formthe nozzle segnent
assenbl y. eHaehEnsES PRSPPIt AR FRppEpiatsly nlupnaingy gasadowt hed moessvre
segment.  Ihgt, éh%’tgl%ﬂf‘e L3RG mlﬂﬂﬁ{-st@”@rbﬁﬁ‘é’se%ﬂ{)ﬁi Q8 n%%?les %tlel 1Qgmed
together as anin egraﬁ, one-pl ece casting. Both’approaches have advant ages
and di saduttht agtesce lbb eadhnsibimecstagean ehamaldameustion gidee inal thel tugbirec®tappr oach

arises fromthe fact that nozzle s nts are ordinaril
ocated downstream of the nozzle. %grﬁne nozz[es are typically s%gmented 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 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.

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 ordinacly
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 1 nmechanical stresses in the nozzle segnment 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 interf%ﬁ%ﬁ The mul ti-piece nozzle segnent can al so be npre _expensive
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cast nozzle segnments are such that it often occurs that the inner band is
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nozzl e segment. _ . _
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 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

The above-mentioned need is met by the present invention, which provides 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



BRI EF SUMVARY OF THE | NVENTI ON The above-nentioned need is net by the
present invention, which provides a nethod for repairing a turbine nozzle
segnent having at | east one vane di sposed between outer and inner bands.
The net hod includes separating the inner band fromthe nozzle segnent, and
joining the inner band to a newy manufactured replacenent casting 2 having
an outer band and at |east one vane. The replacenent casting includes a
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matt er thadjatsht cegpottpes. as the invention is particularly pointed out and

distinctly claimed in the concluding part of the specification. The
i nventi on,_however, best understood by reference to the foll ow ng
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segment. Figure 2 I's a perspective i nner separated from
t he nozzl éhesasgompanyirfg difvingse 1. Figure 3 is a perspective view of a
repl acenent casting used in the repair nethod of the present invention.

Figure 4 @éﬁgzﬁi%ﬂaﬁdﬁ%ﬁ%ﬁ%ﬂ@ger band of Figure 2 having a

coll ar at

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 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 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.



thereto. Figure 5 is a perspective view of the inner band of Figure 4 after
machi ni ng thereof Figure 6 is a perspective view of an exenplary collar for
use with the present invention. 3 Figure 7 is a perspective view of the
repl acenent casting of Figure 3 after machining thereof Figure 8 is a
perspective view of a repaired turbine nozzle segnent. Figure 9 is an

enl arged perspective view of the inner band of a repaired turbine nozzle
segment off1Egdrid aperspectiie Vigy pEthorepirrementycasting qfrﬁ\pa@mﬁ@ﬁewaéhlmgg to the
draw ngs Wﬂﬁﬁﬁi” i dentical reference nunerals denote the same elenents

t hroughout the various views, Figure | shows a turbine nozzle segnent 10
havi ng first and second nozzle vanes 12. The vanes 12 are di sposed between
an ar cuatfégueBas a bempectide wied cfra rapairedttarbinerezzleanging8. The vanes 12 define
airfoils configured so as to optinmally direct the conbustion gases to a

bands 14 30k 8 o8 PRAG L bers B NE Voo Rk bR R s o AR 1 10!

respect i vekgmemiof Figrg&s fl ow t hrough the nozzle segnent 10. The vanes 12
can have a plurality of conventional cooling holes 18 and trailing edge

slots 20 f h in. i ng hol re nopst typically used with first
st age noz?%%ﬁ%?%‘%ﬁg}%gﬁgﬁwg@bmms ordinarily do not
utilize such cooling holes. The nozzle segnment 10 is preferably made of a

hi gh qual igeferfiHPab athk Qtawing GhhsinaideMRal treffentl GiidlerN@RAoRUBR' @lle0y. and
may be coated with a corrosion resistant material and/or a thermal barrier

coating. Alegests Graigheutethgivagowd YiewsniBugel shows utubine yostle seghentd@ent s 10
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met hods o present 1T nventTon are described hérein respect to a
t wo- vane neateeoegbaidt 14 hid abubttdmneebaghil é.e dTHehainet e defias eirfoilsnvent i on

s equall Y BBRed $3%50! Sptnally Sirset e Combrction gases Yo A Asine Jotot het
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
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 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,
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During engine operation, the nozzle segnent 10 can experience damage such
as mght result fromlocal gas stream over-tenperature or foreign objects
i npacting thereon. As nentioned above, a portion of the nozzle segnent 10
may beconme danaged to the point where it cannot be repaired by known
repair processes. The present invention is directed to a method of
repairing a nozzle segnment in which the inner band is repairable while
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I nner band 16 from the nozzle segnent 10, and then joining the inner band
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segnent is intact. Figure 3 shows one of the newy manu acture stings,
which is helesiZ8af The ﬂme@r%ﬁomiemmalrselppmm inpers bandy1@@nd alsee
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speci fi caldinp Hole A8ndrt itled medrbyohhith@oslgizadif extel theéhtérdal olifg @@@bg@ngl ne
run nozzle_ segnents returned fromthe field for servicing to identify such

segnent s PHthendnes, g avhsn thenozzlesepmentyigdntagta gy, 3 %W“{Sé)f’@t(}féhe RO¥Y e
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been identi strippe
The replacement casting 30, which is descnbed 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.
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.



coating materials (such as corrosion or thermal resistant coatings) that
may be present. The coating material may be stripped using any suitable
techni que, such as grit blasting, chem cal baths, and the |like, or by a
conbi nati on of such techniques. The next step is to repair cracks in the

I nner band 16 and perform di mensi onal build-up of the flanges 26, using
known repair techniques such as alloy brazing, alloy build up, welding and
the |ike. Noxbdbe vwaiandi16aprepaisd forgoiging togke realacpraent sastings3 On clhgdirst
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coati ngs at were origin used are not reappl tine. 5 Next,
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The first |, st i he, i nner. band.preparation i machi ne an arcuate
haped ok Hie 74 814 Raletvele hayina s Gheay hefes 38 4E OB AR OB Gl o 2.
The pocketfeadfres 8f femdBHe 38 10 Ren belligaa tb ?bﬁﬁo@ theabdl dsed ke hRbhine the
shal | ow. The dunp holes 28 or other datumlocating features of the nozzle

segnent 1@oeksi3Be used to position the tool used to machine the pocket 36.
The next step is to tack weld a collar 38 to the pocket 36 as shown in

Fi gure 4. | rti el | l, Q3 d Raving a
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22 of the jnner b 16. .-The col | ar 38.] referably. made of t same or
simlar miRePIpt i‘gdﬁi@ fismerksatds pipvided b Treafaf Sfing b ol et s
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Joining the collar 38 to the inner band 16 before the rest of the nozzle
segnent 16hd same wo\savilarpnaigiialess thgpipoert band tther iahieast bhadnaterisihtheeist he

machi ni ng and_j.qLni ng.operations .de I bed, aboye take pl.ac V.ol ds
war pi ng o W%{l@?? roﬁ mdﬁ% Fongietlpféertb%éqmgﬁh TePCERE e é{%ggl 118 es the
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in nmore detail in Figure 6. The collar 38 is generally arcuate in shape to
mat ch t he PEQHides megémth%m%&%ad 16, Whitg) theamaghiping; agd) jpining epergtionsace 39

that mat (ﬁésdﬁb&% AbB6e EMeIp1gtd Givads harplte SN BRIorRA Yurfe 1ROt iR | Y

i nner surface
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 generalily 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 1s 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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Receiving slots 42, one for each vane 34 of the replacenent casting 30, are
formed in the collar 3 8 The receiving slots 42 serve to receive and
align the radially inner ends of the vanes 34 of the replacenent casting
30, described in detail below. In the illustrated exanple two receiving
slots 42 are shown. The receiving slots 42 may be initially formed to
smaller than their final dinmensions and then nmachi ned as descri bed bel ow.
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That is, e thicknes Tlof t he col{aﬂr 38 is different at its axially
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shown, the thickness T is greatest at the axially forward end 41 and
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other 6 features describ below, allows the collar 38 to be used to
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conmponent s of ‘the engin g repaire é segnment is
instal |l ed abfﬁhﬁenelthngt\ehbel Sort nors-e@aeatiénal hﬁemnaxchbamchlécﬁndaﬂ odisdhagger est  of

the nozzle s nt aration is a | i shed by rough cutting through
bot h vaneénafg%F‘% A%‘T’Féei’ q}?&'ﬁ’&amgea%ﬁéggﬁﬂlﬁlﬁﬁcréﬁw be perfornmed by any
conventional neans such as an abrasive cutting wheel or non-conventi onal

means suciRedrif %ﬁ@%% Fdurdls St Hrdebated irtelbes Abd RlacRiBRB Petafbns. LAE

unsal vageabl e structure is scrapged Ref erri n% now to Figure 5, the inner
band 16 utlfekigbereration, e rcassagyd p@rfatm@;hm the fot sifde24 pf &1@ lmmuband o, two

recesses qgl?%t’eﬁnfe%r@qhg Qeci?g&agg CP% %t%sqﬁ Bﬂ?oﬂf ntlﬂ}%ur bangle 18y ies ;ﬂﬂ 6 vanes

peri et er e recesses es the arr cont OUI’
34. One p)‘nefpteibﬁ'dd mann&rofddrrfiag hagrfvil ghdjed fredcsses MdHs b pragsslestriddl is to

B ccon! | SHCISE ARPeEaNT oI Ba: e vl Bl RGeETTRBTRd sifigomn FIM
el ect rOdeele%trQééJHQﬁﬂgQE@ Yirfo?l Shap€PiThd BREtrode 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



renoves 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
i nner band 16 at several |ocations, 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 dunp holes 28 gr other datumlocating features of the nozzle segnent 10
can be u &8 SRFATEIGREOLIEF BeoTRS IEAM BIGErTBBE St 42 ohesellgl 1 ge
oper at|onﬁlacﬂ}agdgm{bc@&gﬁggﬁ&gﬁﬂéﬁe}%ﬁd@%g%ﬂ@_can occur along two

non-paral |l el axes or along para axes. Because a turbine nozzle
conprises nozzle segnents arranged in an annular array, all of the vanes
defi ne ralh Bie sesead mavhiniepepesstps, the redeiving slotset2sin theeenllar B8 A madhénednd ar e

cor espontt Por e ¢meodRR ThEfeb O FEER2ER 04 - PRDLaB AR pBHF38) 20 cron

casting 36nd eraencallgatighe with etlechtivn dfithé dihp hoks 8¢ vhith a@r@nadddcan be
properly se_atﬁ_g t herein. However_, the _E_DMgﬁlgunges for the two recesses 40
can be al Springthe machinipg operatipnse| Thedsseivmesints A can alse begfommed thleiecei vi ng

stots 42 kiflal difiefibhdy Hfin@d EDMPEMINCsE hokh RckOfIR) 6 47BN A ogper at | on

descri bed below. Int ond I Nl hg ‘operati on, e receiving slots 42
i n the cophrallel38enr Thiswammbaectonpdishdtkinra finglabpeiatenssiiopdual Bleetrodesaifvi ng
slots 42 extend  radially, through th | lar 38 . .and are geperally_ aligned
i th the PRREPRYR ek 1 Enciabeaoy et B aignpenlicl 8 Hesvadagiam Hytene
nmachi ni ngreppRkmiehiO Bssting N¥0, I RERH Vis "@bs&rigdds irf Zndi@ et Belo®. f arHiR dedoddt hei r
final dinensjons by plunge EDM |n this case, both receiving slots 42 are
f or med onmaghingly eerationsmayhe sowhined evide thenfiist s1ekining epetitiogl desesphedat i on
usi ng dua -] . | Vi : are
paral | el %%(?Jg'e n]15 sf[i’ﬁj%e%g%%Ofg{?@gﬁﬂ%#ﬁ%ﬁg&w&%} e%ﬁ?l?g{aes q%goglﬁ%%’l%\f/ivﬁl chis
descri bedof nheroesesaet 40 landahewecelving state ot mowatddi i agtoopdokler.OIf they be

conbined with the first machi nj ng operation descrihe above by using a
t ool or CB}?B&H% YFPSofror WH n%?%ﬁ“?&&“@?eﬁ‘lmttﬁ%a F‘F?SEFebﬁQf%!deg‘e of the
recesses feRith J68 42 AEShYHIAISalft? af@uUnt ed to a tool holder. If the

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 intemal cooling passages. However, instead of an
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



machi ning steps are conbined in this manner then the airfoil recesses 40
and the receiving slots 42 are nmachined on parallel axes. The repl acenent .
casting 30 al so undergoes sonme machi ning operations prior to being joined
to the inner band 16. Referring again to Figure 3, it is seen that the

repl acenent casting 30 is an integrally cast piece having an outer band 32
and two vanes. 34. The out band 32 and vanes 34 are_the sanme as. those on

a conpl et &hsRepty Que @é’@‘hﬂﬂ‘l‘lfﬂgs S {anchigns gs thedhisd prmap GHrRIPOEY GRS
passages. oBMBEmertd g@oqg b@ﬂlsgf(%@wénﬁﬁgﬂﬁe& he repl acement casting 30
y

has a nmounting platform 44 integr on the radially inner end of
each vane 34. Afillet is forned at the intersection of each nounting
pl atform ZﬂheMmela@ﬁmnb% davrapseyimetelstheBamh Shwrﬁslthgatpfoaltrbcﬂssn844 has

d 46 f d d A.d hol e 48
?sra:‘ errre%aS?\bueacl rbbt"lgébs %%Eéﬁg k 3 th[ﬁ?l rteﬂggej):a? ﬁ‘ﬂ#gsto ?(ﬁg% raIOI§

cast nozzlpmlﬁmgﬂ‘@nhscharﬁug hsu%E ds'EDRD3Z hﬂlhngemoxiboexobsasvgoélhh&@erm' mary
datum points, one of which is formed on the inner band. These prjmary

dat um poi A€ syFacesdhet are m%@wéétaﬁ Hie edges pad delpmniurfases ofjthe mewntiagi on
pur poses. ﬁ%%giu ace&gyegn{eﬁe% @ﬁﬁ@ﬁﬁ§se§§§thggheacL§F b, Yﬂet;h? ?c{rfhrgam 24

flat or datum su ornmed I1nt edge o unt'ng pla
at the fréﬂtar@smdddpéibﬁnt@ﬂm affoll hecessen KD, éddethsb&e@es‘ 4markistred taft inethiehi r d

rimary datum.poi.n [ t.casting 30 to be inspected
P il | FreEy Bl OBt s e 518 o1 B RD Fh A AEEROYE e BRlle. Shape
as the ai ghi 50’ RERESAE nofongbt!theded Mrpméqlema@éfﬁérﬁlc?aﬁﬁhg “iburfas lSébﬁ

repI acenent castlg%yl 30 under g es prelimnary nmachini ng) such as EDM or

mlling, waBalifiadoyAllegicthsse ks mest marhined orrmaraﬂl;i faaeeforthmih vanes ¥hchi ned

are the_edugs ADGoAal APTIhARSE Y n iR UTHE e hELERLEE whlarld e

peri net er gure A4 are
si zed to hist machimed bﬁtlmsrafrmﬁaraihtmeﬁ tﬁ@boﬁﬁd% herdxasciseddn the éadidlzed to
fit into the ce|V|n slots 42. Machi ning the edge &f the platfornms 44
al so rem{¥S ‘P'% esrﬁ%HeF v§ Vvafics 3dp thepnihen copld Rt lP‘lej@i é@*&e@e:ﬂqt%ﬁ t he

repl acenmeBbcaads iHeN@nd8aB3SsuPBER 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
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 nozzle
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.



qualified. Al of these surfaces are machi ned on parallel 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 sanme parallel axes. If
t he bosses 46 were nmachined on the radial axes of the respective vanes 34,
then they could not be installed into the slots 42 because the converging

sur f aces ul d bind.given the hei ght he bos unting

o1t f or o AALF g e PR e (ORI BdlE Dot 6 4 o rePRESBER s 46,
are recei \esamg@ota?@a@ahﬁ;eulm f&ﬁﬁéﬁ?&ré’cﬁnozﬁieséé eMEx dhalvR iRBERE 8. A% are
formed into t | ower portions of the du es 48. The potkets 52 have a

shape si nindigatedahaye, ﬂnermndnd:laaé msandtth@ rdp@wnbmr@eﬁmg é@ @:réaasseldbhé yi ons,

a0 et e AR R GO RReAT B LR R o5 1o

the int ebbgyes@énﬁ@&aem@kﬂegpunm@&e&ﬂwng Bletsp12c Ketepabtd af therd inBadotdihe
cross-sectionpal area and depth that will retain the flow and velocity of

cool i ng aP¥ Boading lenge ﬂﬂf‘esfﬂg‘é‘ﬂ%e intgriares:3 they imounkiag dplafforeinnen gbanfihat | s,
the dump BoLeao6l flcinnd 1AL hdl 485284 ifarhDS mfPALdNELFHE cBile&"Yn&é}d

velocity w e the sane as they wére in the original nozzle nt 10
(which | abkmﬂirttebl&cbamsms 11dxﬁerd:fand h:eldr €if¢ a2 eridondimgashy by a%@c)mpl]’sihed pm)caket s 52
may be forned un the ralal f. the respective vane
52 FonGaenitndl R o1Lh B RECEngy S Saen SRR g SabtedaWs | o
repl aceneprefers@BEivat) tiROthefRal iadient9 (158 RRE phre WIRWRI XipBskdSth&uring dngfiei red. 9
After the machinrng operations are conpleted the inner band 16 and the

r epl acenefAperagemst Ongp@@ermdsomﬁ@raé@nwmﬂ@bmgﬁrsémk el the £oller 3elgnent 54

shoun | 1 BOMLE 8. 143 P UegAth BOGY Goptd Wik WIBY (LA yacils

repl acenent castin are sse e nou |ngmfatforms
44 into t lmmee bundipafdegOni the abld sidc 2B ordfd ARG ik hpphdﬁb@&&ﬁlaﬂ-ﬁoﬂsrﬁxﬁ t he

correspondi rec | ots_42. The parts e. thepn joined, together by
bondi ng ap@?f% %PBQ!‘F?B‘# s.{ Fhcaspereloly s e plaserhin TRACGRASHIPNFANER band
i nt er f aceg,OAndiand 199p, BANHRQL Side 24, the collar-boss interfaces, and
the collar-inner band interface on the inner band cold side 22. Bonding

may be acconplished in a
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 collar 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
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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conventional manner such as brazing or wel ding although brazing is
generally preferred given the thermal gradients that the part wll 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 would be
to apply braze alloy to the nmounting platform inner band interfaces. On
the cold side 2 braz |1 oy | pplied to, co ss_and coIIar-lnner
band i nt effai¥Es. 1hphds, 4 Q@rfﬂ?‘ﬁﬂt}nglﬁ Wrb}n&efeearr# tbi’r‘lﬁaa@@n thioseliar ofed wi t h
the inner vhamlp r%@eﬂiﬁ’he @eﬂl@s ?4 FoRfse gﬁlfahﬁé ﬁ%ﬁ?th@ﬁﬁ?e? bgﬁk?ﬁ@be&iﬁ%@ 'cﬂga:

oper ati ons are per f or ned the c provi the require

cl earance Owerhﬂmgplad?mszémmﬁ@rg’i&feom@ﬁ%m@ﬂedstl‘(rtmgh thér ) banTthé radially

i nner surface 45 of the collar 38 is nachined in an are having its center
around th ' terli e of t. |nner
pand 16, TAPE hBGUEEN RlstPFen"BEER A SR HbuBled fidfe S frugpidfes

machi ned ithe inher bald & t&ﬁroaﬁcb 8 rgnired @mzﬂé se@ﬂentmsmaﬁ&taﬁﬁs meen@tfenmhe vanes
34 (see Figure 8). This relief 47 is a shallow groove or pocket which

provi des @r@&ﬁéﬁﬁdﬁ the prigiaplpcznte seamsahtht Slomieaer i aneihe webadiment, et erfere
W i he SRRt okdifl XATRLA YA & AifRRD i AR AT Aldyd) N0
feature 58, as shown IR Figure 9 ese nac I ni'ng opera t|on are perfornmed
af t er t he habingzehanped iateoinl ptepcm:lebehi 1sa¢ﬁnretheoamﬁhatcﬂlm:mg¢bmamue tifeest i n t he
j oi ned surfacgle but .the ou p so be dpne before the.j giniqg B@Fration.
Last |y, afy®%PPHY Gt © Sy & o= WVBF&“BHVSM PYYSHER are
reappl i ed foiugd witoWdh CoRYEREnts BREdERTHel. ITSaditibRIR e8Endg&hRrSRBARANt 54
having a previously used  section (corresponding to the inner band 16) and
a newy rrglﬁYﬁ é@treialé@p SEisting rpon(meerrtes‘wnmeﬁg comporraty dgirmetsdefiomc st i ng
30). The t [ t segnent
I e e L M e

mount i ng mlhateblmememrmstn{mmjfrbﬁﬂtﬂleflﬁlphﬁredtaﬂiep, thbeepeairel aloz2A8 segnetlt d4pr event
t he vanes 3@ Lron1se fronlthe i nner. band 16 because the collar

over hang pPrEveRHs 1} R o8 IAEHRLIERREGHSS Ul | ed through the inner band

16. In one enbodi ment, the repl acenment casting 30 is fabricated fromthe
same nat erihglrelcement 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
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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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 material properties. It is
often the case that during the service life of a gas turbine engine
uitable for use with

cuch. conpRE TS PR e SpBn W Fhaph i Aai By FABHEY REDOcPABe UM have

to repl acenheitit hoLk16 SPRRAE MEis Whiddt He %mgriﬁx%ﬁoﬁ%ya@s%t&%&ﬁﬂﬁm he
inmproved alloy to realize the enhanced nmaterial properfies. However, by

fabricati iigth thedmpspvedcallonndessaibed ahoso Thainist the qrrmrad)mztzialsb@yc;nttlrﬁb

repai r ed t.he en ter ia

or oper t 1 et onnEor SR st Ao » Aol B, ROl ety erGal PRGRE Al

f eat ures douopporaid modﬂﬂed desrgngfeaa:kesn@mk In€aySBg BRdtrutied 65 am diloyt&im | Oys
descri bed gﬁove it Js often the case that during the service life of a
gas turbi (¥ aﬂﬁﬁ*%@- REWES-such as a nozzle segnent, inproved component
designs are devel oped. For exanple, nozzle segment 10 may conprise a first
desi gn hawihge %{ﬁ&&h@aduﬁ@ﬁt@%rm&senr hieyARGL A&E Eeen%gcn ﬁ%n%?é
aspects. For exanple, the outer band 14 may be uncool ed and the vanes

may be f orame%tc@dﬁld$m§}ﬂﬂeﬂ i ther art that rvfadohs deidifivatipom thetdte lvan rlncan@:har at es a

first tr artan nt (i t.he config ti,on sl ot s,
hol es, er i %ﬁn%qg S@S %mgef’%%et Ogeﬁégéﬁ‘fei“;gﬂ Q’?og?ﬁ‘a %let o the
trailing eﬁg&deachhﬂsvane 12). The replacenent casting 30 nay conprise a
nodi fi ed design. The nodified design may include an outer band fil m having
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

i nproved cooling performance relative to the first trailing edge cooling
arrangenment. The aerodynamic 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
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obtains the benefit of inproved conponent design features w thout having to
replace the entire nozzle segnent. This aspect of the present invention
may al so be conmbined wth the inproved all oys described above. That is,
the original nozzle segnment 10 may incorporate a first alloy and a first
design, while the replacenent casting 30 may incorporate nodified design
features gﬂiﬁﬁﬁéébe constructed of an alloy having enhanced materi al
properti ess speci fic enbodi ments of the present invention have been
described, it will be apparent to those skilled in the art that various

nodi ficatijons teiidd 6ARepafinkRs Surbid ROMle JERAH: IHAYink Qcmehﬁeor%pbe[det and
scope of the invention as defined in the appended cl ai ns. A

met hod of disppssdrichigeea anputsir handhankansinserdrapdy saidamethgd a@mpeasg one vane
di sposed between an outer band and an inner band, said nethod conprising:

separating sai dof el R RARAPAZLE ARJERIT. | repalring damege i

sai d i nner ban ol ning saild I nner new y manuf actured
repl acenent casting having an outer band and at | east one vane; wherein
j oi ni ng sai d i mepaurinpatachage irssaidlinmembandmamlif act ured repl acenment casting
includes: joining a collar to said inner band, said collar having a

hi ckness at _altinPerad e pauds Ui bR taf aEefin eostRiBednt ner cor

i nsertingoatepbarid 41d ableasttind vaagle of said repl acenent casting into said
receiving slot; and joining said vane of said replacenent casting to said
collar and to said_ inner band. 2. The nethod of claim1l, wherein said

t hi ckness of sXihgrein|ipiging §a16rlgg§re§qndafo 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 I, 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 from 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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axially forward end thereof. 3. The nethod of claiml or 2, further

conprising machining a radially inner surface of said collar to froma
circunferentially extending arcuate surface. 4. The nethod of any one of
the preceding clains, further conprising formng a pocket in said inner
band, said collar being joined to said inner band at said pocket. 5. The

nmet hod of _any e of . the,.precedi claips, wherein said collar . is joined to
sai d inne 'bang[%ﬁﬁ’&eﬂ%%d]ﬁf g’é’r@e&fn %P@C?Cg% gleups frhercty peNFRNG SPidi iR t o sai d

col l'ar angand GosRksld indBAE sBANehi6rRrAZd Betting IrBuehl 884 BLEQE sl @ycone of

the preceding clains, wherein separating safd inner band from sali 5 nozzl e
segnent ceePnenasarcsatdiinng biahd.ough sai d vane of said nozzle segnent near
said inner band. 7. The nmethod of any one of the preceding clains, wherein

sai d repl agcene ! i.s fabrd gat f.rom,th . rial as said
i nner ban?f 8. Fﬁpﬁelﬁgrr@%%%g a&? Oélgygfoﬁlg pggcegfn% (r:rlém%’ S%%g?lg\%%@r 53 i?cglgfa

r epl acenerhstmgds fabgicated fibalthe eahemaleriamssaitbiha¢ritahdt hat has enhanced
material properties with respect to the material that said inner band is
fabricated fro 9. Th t hod of .any one of the preceding clains, further
conpri si ng' nmac Hi irﬁ"g}h"‘go oy e 9 Cléln%a]dfoaﬁd ‘{fh?rﬁ?i‘esraugﬁ’ﬂ’ agpEeyfCasifgtscol | ar .

10. The nediRetealfrdfYh ABRHAS thhDBadERREHING atehial ﬁ&%pefﬁ/e@wmeg?éoﬂmvmaes of
said nozzle segnent have a first design and said vanes of said repl acenent

casti ng hanaterigl thapspid inngr bansi ig fabritated fiom.net hod of any one of the preceding
clainms, wherein said vanes of said nozzle segnent have a first trailing

edge cool ighg ¢ i QLA i i d . sayj repl acement .casting have
a nodifie 'traiq?llta'ng ecﬁ%%@%g&%?ﬁgﬁ%eo%r}é?ég@?%@%gﬁsf h%@_er rgprrlrsé’tl%glgc%lfnngny one
of the precdibifinga cddiallysipnatsarfecaofsaidtotiat. er band of said nozzle segnent is

uncool ed and wherein said outer band of said replacenent casting includes
a plurali of £ilmcopl.ng holes forned.therein. . . .
P tl}S "[fhe methiod of one of the preceding cfa?ms, wherein said vanes of said
nozzle segment have a first design and said vanes of said replacement casting have a

modified 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;
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13. A nethod of repairing a turbine nozzle segnent having one or nore vanes
di sposed between an outer band and an inner band, said nmethod conprising:
separating said inner band from said nozzle segnent; providing a newy
manuf act ured repl acenent casting having an outer band and one or nore
vanes, each vane of said replacenent casting having a nounting platform

formed on one end. therepf and a boss fornmed on said nouynting platform 14
joining a coll &% aoﬁ‘gﬁ% it‘EI@n%Fldg_é’?&a’firiﬁ’_é"rr%?&HdS,m‘%&’i’l&“é@l‘qn&ra ﬁ"é‘?}ﬁnﬁﬁf a
t hi ckness thdthagrehtSr z&raefﬁ%ﬁixiélten@tﬁekéo?%ﬁ@tﬁlse@%g kB E&Pihelddpn 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 s&P@Enipgpheeserser esgh vangof saidsigbcerntnt gastinigdn anetbér sidmel of sai d
replaceneggdqﬁi%%ggr inserting said boss into said corresponding slot and
said nmounting plfatfdrminto said correspondi ng recess; and for each vane of
sai d repl acenent casting, joining said boss to said collar and said

mount i ng pl at f domihg osaireteivime slob fordeacH 4anel b saie trgslbenfent kasting 48 safdur t her
conprisin% %orning a pocket in said inner band for said collar, said
col l ar be*fig™ oi ned to said inner band at said pocket. 15. The nethod of
claim13 or 14, wherein said collar is joined to said inner band, each

boss is joi ned {0 e damObk ahid a8flacRpfcht WRYRL NekePlt AN @ Rgd to said

inner band by brazing. 16. The method of any one of clains 13 to 15,
further ce&ppeipendigs siopandwidmpapianglatfers mte aid eereespondingscessgandrachi ni ng
said boss and said nounting platformto size prior to inserting into said

corresponding iacelvagk 5t Qla AthSRAkM GUILIRANG DB BRETS Suia HASPRET Vel V.

17. The method of any one ot clfalns er conprising providing
a dunp hehid mountiag plabtfoss to said inner band.

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 joined 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
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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18. The met hod of any one of clains 13 to 16, wherein each boss has a dunp
hol e pocket integrally cast therein. 19. The nethod of any one of clains
13 to 18, further conprising machining a relief in a radially inner
surface of said collar. 15 20. The nmethod of any one of clains 13 to 19,
wherein separating said inner band from said nozzle segnent conprises

cutting through,each va of sai.d nozz]e ment, near said jnner band. 21.
The et nod0or ﬂﬁﬁ_ﬂtﬁ%d&'}e&w&nﬁé’f fhﬂl%%? I9.0F e sERfRpinEsiaynpcbade of
repai ri ng fdaBRendR1SREM chiWRiprRedthttire thrJki 5Bk DAL Hsafiho2R%ephes! ai M5 13
to 21, wherein said replacenent casting is  fabricated fromthe sane

mat eri al asearsaiddnnerbend.pband. 23. The met hod of any one of claims 13 to 21,
wherein said replacenent casting is fabricated froma material that has

enhanced teri rEi Lth r ect .t tﬁﬁ] mat eri.al _that said inner
band is fa Ticg?édﬁégﬁﬁp%fﬁfdﬁhé&ﬁéﬁ odﬁ%()g%y on8r8§n%P§P%§ﬁi§E?éﬁgS,
wher ei n sadpdirirgplaamgeRndaic asel kigpd. has at | east two of said vanes and all of

said slots are machined on parallel axes. 25. The nethod of any one of
claims 13_ 0 2 wherein said repl acepent_casting .has a fillet formed

bet ween e2¢h vih@“’fﬁ&’%sogia&yé’ﬁ? Pgﬁmfﬁ@% TSy Spf EPRSFmER@Stingi et hod
of any one:feateh Hobthd 3arh roriaesSd Bnsdbdlavanes of said nozzle segnent
have a first design and said vanes of said replacenent casting have a

modi fied design. 27. The nethod of_an¥ one of clains 13 to 26, wherein said
vanes of 3a&i d ABe#ethoddgne ene hbelaims §3 fos], whetdin srid eaplpsement dasting is

confi gur aty i S aj p n st ng have dified
trailing g%’gfé}at?ig%O?Igsqg%t%?iﬁgtg%lﬁ%oénﬁaﬁ{fa #%t%ﬁ%rhg@ '8 wényre%})r?gtg H’%I ainms 13
to 27, wheragrial that shiditiner bdndrig fabkicstad fromnozzl e segnent is uncool ed and
wherein said outer band of said replacenent casting includes a plurality

of film CBQ.' ! nQ‘hQ (r)rlle%hsodf S ar%;dor}ehc?tr c?%!ti?n's 13 to 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 method 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.

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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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 repaired structure and said replacenent casting is newmy

manuf actured structure, said turbine nozzle segnent conprising a collar

attached to a cold side of sai.d . nner band, he .t hj ckness of said collar
bei ng t aper ed iaﬁe&ﬂc nf cagiing dpelpding aEG’.‘lteﬂ]P@né GP‘ﬂ)I"‘hl?aﬁcfE‘flvém%él&RE?ﬁd of

cl ai m 29, veh@kgisidout& il inhé ﬁaﬁaagraﬂhéran%@mmn&%ahﬁris??Q/i&?élﬁuyea%d 31. The
turbi ne nozzle segnent of claim29 or 30, wherein a radially inner surface

of said cétitaired genetnesand seid eplatementtcastinigyis egwbnuiangfactnedatmckug, fsaide. 32,

Th bi f .a f i 2 3%, . [ id
Mner - baniolRoede 3R co Rt a30fintyehdl Pl sleaTenf it otade
mat eri al . tia3thickhesstofsid Belladetgtaseeimnin &ial ARyctipe of clains 29 to 31,

wherein said replacenent casting is fabricated froma material that has
enhanced terial properties wth respect tq the material that said inner
band is fgﬁ'ri cﬁ@&ﬁ‘#ﬁ“@iﬁ‘o g“'.seﬁl‘%’nf GF 5la8 3% PHicEe1n ggtrliat 1Soformad 1B saidof

clai nms 29chPar3dd MhEvRleN each vane of said replacement casting has a
nmounting platformforned on one end thereof and a boss forned on said

mounting platform and a dunp hol e pocket is integrally cast into each of
sai d boss@s. 1 7he turbine nozzle segment of claim 29 or 30, wherein a radially inner surface

of said collar defines a circumferentially extending arcuate surface.

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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