TURBI NE NOZZLE SEGVENT AND METHOD OF REPAI RI NG SAME FI ELD OF THE | NVENTI ON
This invention relates generally to gas turbine engines and nore
particularly to the repair of turbine nozzle segnents used in such

engi nes. BACKGROUND OF THE | NVENTI ON A gas turbine engine includes a
conpressor that provides pressurized air to a conbustor wherein the air is
m xed with fuel and ignited for generating hot conbustion gases. These
gases flow doWHBEINENOSZEE SEHVRNTAND MATHR OBREBSIRINGHAMJY t her ef rom
to power the conpressor and provide useful work such as powering an
aircraft in flight. Aircraft engines typically include stationary turbine
nozzl es that enhance engi ne performance by appropriately influencing gas
fl ow and pilekbWeTHE INVENTION t ur bi ne section. In nulti-stage turbine
sections, turbine nozzles are placed at the entrance of each turbine stage
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di sposed between inner and outer bands that define the radial flowpath
boundaries for _the hot conbustlo ases flowi ng through the nozzle. These
nozzl e seGHEAESRENEND R AHEINVEN ngi ne casing to forman annul ar array
with the vanes extending radially between the rotor blades of adjacent
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terrperature co Ke
within the turbine section. In multi-stage turbine sections, turbine nozzles are placed

at the entrance of each turbine stage to channel combustion gases into the turbine rotor
located downstream of the nozzle. Turbine nozzles are typically segmented around
the circumference thereof with each nozzle segment having one or more vanes
disposed between inner and outer bands that define the radial flowpath boundaries for
the hot combustion gases flowing through the nozzle. These 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 one or
more “singlet” castings each comprising a vane, a contiguous portion of an outer
band, and a contiguous portion of an inner band. The singlets are then joined together

at the edges of the inner and outer band portions, for example by brazing,

Nozzle segments are exposed during operation to a high temperature, corrosive gas
stream that limits the effective service life of these components. Accordingly, nozzle
segments are typically fabricated from high temperature cobalt or nickel-based

superalloys and are often coated with corrosion and/or heat resistant materials.
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superal l oys and are often coated with corrosion and/or heat resistant
materials. -1 Furthernore, nozzle segnents are ordinarily cooled internally
with cooling air extracted fromthe conpressor to prolong service life.
Even with such efforts, portions of the nozzle segnents, particularly the
vanes, can becone cracked, corroded, and otherw se damaged such that the
nozzl e segnents nust be either repaired or replaced to nmaintain safe,
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segnent structure is non-repairable. Thus, to avoid scrapping the entire
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joining the airfoil stub to the inner band. The replacenent casting maybe
modi fi ed often occurs that the inner band is repairable while other nozzle segment structure 1s
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
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 a vane. The replacement casting includes an airfoil stub.
The airfoil stub is received in a recess formed in the inner band. Joining is completed
by joining the airfoil stub to the inner band. The replacement casting may be modified

from a newly manufactured singlet casting.

The present invention and its advantages over the prior art will become apparent upon
reading the following detailed description and the appended claims with reference to

the accompanying drawings.



froma newy manufactured singlet casting. The present invention and its
advant ages over the prior art wll becone apparent upon reading the

foll owi ng detail ed description and the appended clains with reference to

t he acconpanyi ng drawi ngs. -2 BRI EF DESCRI PTI ON OF THE DRAW NGS The subj ect
matter that is regarded as the invention is particularly pointed out and

distinctly clainmed in the concludin art of the specification. The
i nventi on, ngﬂQNtﬁFﬂéﬂiDBﬂgﬁ Bod by reference to the foll owi ng
description taken in conjunction wth the acconpanying drawing figures in
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repl acenent cgastin sed i.n the repair thod of  the present invention.
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make the replacenment casting of Figure 3. Figure 6 is a perspective view

of the inner band of Figure 2 showing the radially inner or "cold" side
t her eof . [Fige & iva perspechee visecafiapenging wroturking apedle segment. bi ne nozzl e
segnent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs
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t he various vi ews, ure a turbinetnozzl e seg aving first
and seconffigweil e vanes 12. The vanes 12 are di sposed between an arcuate
outer band 14 and an arcuate inner band 16. The vanes 12 define airfoils
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the present invention.
Figure 4 is another perspective view of the replacement casting of Figure 3.

Figure 5 is a perspective view of a exemplary production casting used to make the

replacement casting of Figure 3.

Figure 6 is a perspective view of the inner band of Figure 2 showing the radially inner

or “cold” side thereof,

Figure 7 is a perspective view of a repaired turbine nozzle segment.

DETAILED DESCRIPTION OF THE INVENTION

ﬁeferring to the drawings wherein identical reference numerals denote the same
elements throughout the various views, Figure 1 shows a turbine nozzle segment 10
having first and second nozzle vanes 12. The vanes 12 are disposed between an
arcuate outer band 14 and an arcuate inner band 16. The vanes 12 define airfoils
configured so as to optimally direct the combustion gases to a turbine rotor (not
shown) located downstream thereof. The outer and inner bands 14 and 16 define the
outer and inner radial boundaries, respectively, of the gas flow through the nozzle

segment 10. The vanes 12 can have a plurality of conventional cooling holes 18 and
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shown) | ocated downstream thereof. The outer and inner bands 14 and 16
define the outer and inner radial boundaries, respectively, of the gas

fl ow through the nozzle segnent 10. The vanes 12 can have a plurality of
conventional cooling holes 18 and -3 trailing edge slots 20 fornmed therein.
Cooling holes are nost typically used with first stage nozzle segnents;

| at er stagggnozzle segnents ordinarily do not utilize such cooling holes.
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i ncl udes SRS %@B@t‘-‘gﬂ@r of vaépar ati ng the i nner band 16 from
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 having extensive damage such as to be

non-repairable while the inner band 16 has relatively minor damage and is repairable.

The repair method includes the principal steps of separating the inner band 16 from
the nozzle segment 10, and then joining the inner band 16 to two or more newly
manufactured castings that replace the structure from which the inner band 16 was
removed. As seen in Figure 2, the salvageable inner band 16 has a cold side 22 (the
side facing away from the hot gas flowpath) and a hot side 24 (the side facing the hot
gas flowpath), and includes conventional structure such as flanges 26. The flanges 26
provide structural support to the inner band 16 and also provide a sealing function

when the nozzle segment 10 is installed in an engine. Figure 3 shows one of the newly
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t he nozzl e segnment 10, and then joining the inner band 16 to two or nore
new y manufactured castings that replace the structure fromwhich the

i nner band 16 was renoved. As seen in Figure 2, the sal vageabl e i nner band
16 has a cold side 22 (the side facing away fromthe hot gas fl owpath) and
a hot side 24 (the side facing the hot gas flowpath), and includes
conventional structure such as flanges 26. The flanges 26 provide
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i nner  bantelding apddhe Jike ndhesenconvepiaomed repairshyilbhy ceoisde ot anacedsdans such
as an 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.

Next, the inner band 16 is prepared for joining to the replacement castings 30. As
shown in Figure 2, two recesses 40 are formed in the hot side 24 of the inner band 16.
The perimeter of the recesses 40 approximates the airfoil contour of the vanes 34.
One preferred manner of forming the airfoil shaped recesses 40 is to plunge electrical
discharge machine (EDM) each recess 40. This is accomplished using an EDM
electrode having the airfoil shape. The electrode is plunged only to a depth that

removes the flow path wall and does not plunge into the support flanges 26.



abrasive cutting wheel or electrical discharge nmachining. After separation
the unsal vageable structure is scrapped, and the inner band 16 is prepared
for joining to the replacenent casting 30. Next, the inner band 16 is
prepared for joining to the replacenent castings 30. As shown in Figure 2,
two recesses 40 are fornmed in the hot side 24 of the inner band 16. The
perineter of the recesses, 40 gprOX|nates the airfoil contour of the vanes
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the incorporation of coohng features within the fillet 43 if desired. For example, film
cooling holes of a known type (not shown) may be formed through the fillet 43.

Prior art repair methods often require the use of specially made replacement castings.
While the present invention may be used with specially made replacement castings, it
also allows the use of standard production component castings as replacement castings
30. Figure 5 shows an exemplary newly manufactured singlet casting 13 which may
be used to make a replacement casting 30. As discussed above, the newly
manufactured casting 13 typically is a singlet which includes a vane 34, a contiguous
portion of an outer band 32, and a contiguous portion of an inner band 35. The singlet
13 is prepared for use as a replacement casting 30 by cutting through the inner band
35 along a cutline 17, for example by wire EDM machining. The inner band 35 is
then separated and discarded, and the remaining structure forms the replacement
casting 30 shown in Figures 3 and 4. The position of the cut line 17 is selected so that
the airfoil stub 44 described above will be remain on the radially inner end of the vane

34 after the inner band 35 is removed.



Prior art repair methods often require the use of specially nmade

repl acenent castings. Wile the present invention nay be used with
specially made repl acenent castings, it also allows the use of standard
producti on conponent castings as replacenent castings 30. Figure 5 shows
an exenplary newy manufactured singlet casting 13 which may be used to
make a replacenent casting 30. As discussed above, the newy nmanufactured
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similar material as the inner band 16 or at least of a material that is compatible for

joining to the inner band 16 and the replacement casting 30. Each inner band collar
38 also has a joining surface 39 along its inner perimeter which provides the
additional braze joint area. The thickness measured in the radial direction of the
collar 38 is selected to provide an adequate surface area for brazing the replacement
casting 30 to the inner band 16. The inner band collars 38 may be attached to the inner
band 16 by tack welding.

Exemplary vane collars 41 are shown in more detail in Figures 3 and 4. The vane
collars 41, if used, could be a single collar extending all the way around the periphery
of the airfoil stub 44 (see Figure 3), or a partial collar (see Figure 4), depending on the
amount of additional joint area required for a satisfactory braze joint. In either case
the vane collar 41 has an inner surface that conforms to the radially inner surface of
the airfoil stub 44 and the required thickness (radial height) to provide the desired lap
Joint area. Each vane collar 41 also includes a joining surface 42 along its outer
perimeter which provides the additional braze joint area. As with the inner band

collars 38, the vane collars 41 are preferably made of the same or similar material as
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I nner band cold side 22 to facilitate seating of the collar 38 on the
contoured cold side 22 of the inner band 16. The inner band collars 3 8
are preferably made of the same or simlar material as the inner band 16
or at least of a material that is conpatible for joining to the inner band
16 and the replacement casting 30. Each inner band collar 38 also has a
joining surface gQ al ong its inner perinmeter which provides the additional

braze | oi g Hnggband o PW‘%‘E’T‘F&% arfﬁ%i@‘ﬁ?léhatl iy coppatiblgifer joiningda fheninggr t he
col lar 38 bhid 3618 RS ABRON ARIABAIMIALE RYRLAE B2 alifihneB A FIN9_Lhe
band e I'nn ghdcol

repl acenent casting e |n ars 38 may
be attachectfmbstulmeﬁlfibmmckwbhimg 16 by tack wel ding. Exenplary vane collars
41 are shown in nore detail in Figures 3 and 4. The vane <collars 41, if

used, coul e le ¢ollar ext di, n I y und erl phery
of the aif} oe:gl nrge[ Shﬁng 5@%" = ol %fé ag‘il%é ﬁ%{ﬂﬁ ﬁ?a{}@ﬁﬁ (agté‘gl E(gjur e 4),
dependi ng usdil)f R inAEObENd 1 atl i icpiRbmbti diktisePD hRAMLERHl b Brm a

satisfactory_braze joint. In either case the vane collar 41 has an inner

surface t ReHAIred MQsEles segnant S4 shown |ip Fighes 7surFhe énnst baﬁlﬂelﬁlfmﬂothe stub 44

and the r%wéEc; g%n{ Qa&iﬁ £ %3%&&11 1@9@{})5 Sgglggﬁl%val%ﬂt e dg31ihed

joint area vane oI I"ar SO | ol ni'ng surface 04Emal ong
its outer coqn&porrﬁnglrecmses 40 pasoshioskasint Figureddi Th@pa’ts frealiéh jodiedttogdtbd. As

with the ban e collars 41 are preferably made of
the sane QPW’PB&E "ﬁ&ﬁ%kqmwl%lntﬁﬁcﬁ%ﬁ?ﬂ&%ﬂ%ml@n?ﬁ Blptgggqesgp a

mat eri al &ﬁkaﬁ]nbﬁbﬁﬂmtsi&lﬁ R virRl Q1RGd-Qardeiitd B Gif zﬁﬁdcé& alfehe
repl acenent casting 30. The vane collars 41 nmay airfoil

stubs 44 byedadie lmrdlan@COIM‘ﬂ@-rmnenh@ld mm&cmhﬂmumgr banttm}@lsﬁbéld (Efnd t he

collars 3 ed and.t he

r epl aceme% ﬁ%gs ﬂ’lﬁg&sg Car eé}i’g@ zlﬁ'?]gr Brg?f ibn(g{ﬁ]a? PR %@?ﬂ OffiefiSgent 54
shown i n BRgif @llérs afbesddnthen ﬂhbig@ﬁnﬂ@stﬁﬁéesi eof vaklcallagtare #56 boeed30 are
assenbl ed b | nstal | i ng%t he airfoil stubs 44 into the corresponding

recesses ER) 32 of thesinmer band colans 384 Rondingimpbaacgompligheder

in a conventlonal 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 vane stub
44 to the respective recess 40, and then to tack weld the outer bands 32 together at
their mating edges. The next step would be to pack the inner band hot side 24 with
braze powder and apply slurry over the airfoil stub-to-inner band interfaces. On the
cold side 22, braze alloy is applied to collar-band or inner band-vane interfaces. If
vane collars 41 are used, braze alloy would be applied to the vane collar-to-airfoil
stub interfaces before inserting the airfoil stubs 44 into the recess 40. The assembly is
then placed in a furnace, positioned with the inner band 16 up, and brazed using a

known braze cycle.

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 castings 30).



by bonding along the following interfaces: the airfoil stub-to-inner band

i nterfaces on the inner band hot side 24, the vane collar-to-vane
interfaces (if vane collars 41 are wused), the inner band collar-to-inner
band i nterfaces on the inner band cold side 22 (if collars are used on the
I nner band), and the mating edges 29 of the outer band portions 32. If
collars are used, then the joining surfaces 42 of vane collars 41 are also
bonded t &7 PREebodimsat, ﬂ{?rrﬁ%lé%n@g cytingh20 prgfabrigeieddrare thessemezgatemndi ng

b - ! . ; di ng

ot hough. B Sk iRAGband To s RMMEE) aRRL HRPRE Lol s el IS el 10

t he part yprdpertims oftipoergintlonaiule segmentyt e Hoopeeraln mtr)nth@rmnhnd&fﬁexrtrﬂﬂ j oi ni ng
ti |d be ta first tack . t 44 to the respective

ecees aormimeRtrrfes A e BbriedtiL To e i aRte Tl Rty b Aoy 1

mat i ng edg@fing ENRanG&K Mafeti@Ppropattids. bR id Ondaek chdanithghe Bandrhd iigfe 24

with braze powder and apply slurry over the airfoil sTub-to-inner band
i nt er f ace$.gaoiumbing engileccosinpacntsuch raa acnagilecsegingnta pppiovdd aboxsoduitableband or

i nner bang- v | f i van |, | 41 are used, braze all.oy would
e appl | o0 SeT R BERL AT Rl art BRER Rifonbe iR oot PBr Ut 1 g
the airfohbvestehspldée ienisting @npeaass with nthe caspeidtsy fitsicatehefom! eed in a
fur nace, positiin?d with_ the inper band 16 up, and brazed using a known

¢

braze cyclFBProvEdallgy tosplizsoihe sehwced material megpegtisar ibQkevendty fabReatisei gi nal | y
used are geap _ab&ﬂeﬂt%aﬁingg@@}’ffbﬂﬁ?&&ﬂ{pm@a%lfo?sﬂ%%ﬁﬁrea nfgfiigg's%@fﬂe{rﬁ%?' €

segnent 54 having a previously section”{correspon € i nner
band 16) auild obtaitew partydimérdencadeniatesa tprapertigscor r espondi ng to t he
repl acenent castings 30). -8 In one enbodi nent, the replacenment castings 30

are fabri romt he.sa material  as .t j nner. band 16 to,produce a
Hoal fod Es SR RRAT AR Rlsb Rave ABALNT deDRR Sra0as sqipd Pl BE S he
original ofigihEnc2lsTesginehd 10.HQWRME thei dllogd Aédeeibed BRAQ] EBofieh ke case

repl acenent castings 30 are fabricated froma different material,

pr ef er abl Y12afuERE P sRaGenlifceih angrsdiukine eneine prosponentesich) as a giogeleen t he
case that sehidR%intlGvedCloifohent ddighk are developed. The nozzle segment 10 may

comprise a first design having particular aerodynamic, thermodynamic, and

mechanical aspects. For example, 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 castings 30 may comprise a
modified design. The modified design may 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 obtains the benefit of improved component design
features without having to replace the entire nozzle segment. This aspect of the
present invention may also be combined with the improved alloys described above.

That is, the original nozzle segment 10 may incorporate a first alloy and a first design,



a gas turbine engine conponent such as a nozzle segnent, inproved alloys
suitable for use with such conponents are devel oped. Traditionally, engine
operators would have to replace existing conmponents with new conponents
fabricated fromthe inproved alloy to realize the enhanced materi al
properties. However, by fabricating the replacenent castings 30 fromthe

i nproved al | the repaired nozzle segnent 54 w | obtain, in part, the

enhanced r‘r‘&t‘]é’rtbﬁrepﬂﬁrcﬁlﬁ'é’f“t Gagldngs Pllampip mca@@ﬁaé% mogdifiad; drgigndeaturey and Mmeyhave
modi fi ed ¢geshedniRa §I&P%£@£ | nozzl e segment 10. As
with the aIons escr?ﬁ é a ovgﬁ%ﬂﬁﬁég ot?%% ﬁbase t hat during the

service life of a gas turbine engine conponent such as a nozzle segnent,

i mproved %mfowgﬂmgd?@s |dgmbad@ fdb&mlt@lpmdalr Tithowbfor | terbiregmente ﬂe@;rrrm;s

g A T e R R A A

first aibbei .ﬂesdleMdn ittwmrbe\ea@pﬁhnﬂ 10 EIsB kifle@ & thefattltBit VaFighd MBEifREGsCOO! | ng
arrangenent (i.e. confi uratlon of slots, holes, and internal passages

which dir @&retsﬂé%wrmaz@dwm departing fromy therspiritrand| scape efiths iovention asane 12) .
The repl a y conprise a nodified design. The nodified
desi gn na?sﬁﬁ Ingﬁéék%g§5§%lggalllng edge cooling design of a known type,
whi ch has a different arrangenent of slots, holes, and internal casting
features that the first trailing edge cooling arrangenment, and which is
intended to provide inproved cooling performance relative to the first
trailing edge cooling arrangenent. The aerodynam c design of the vane 34
may al so be nodified to inprove its performance. This enbodi nent of the
present invention produces a repaired nozzle segnent 54 that obtains the
benefit of inproved conponent design features w thout having to repl ace
the entire nozzle segnent. This aspect of the present invention nay al so
be conbined with the inproved alloys described above. That is, the
original nozzle segnent 10 may incorporate a first alloy and a first
design, -9 while the replacenent castings 30 may incorporate nodified
desi gn features and nmay
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be constructed of an alloy having enhanced material properties. The
foregoi ng has described a fabricated repair nethod for turbine nozzle
segnents used in the repair process. Wile specific enbodi nents of the
present invention have been described, it will be apparent to those
skilled in the art that various nodifications thereto can be nade w thout
departing fromthe spirit and scope of the invention as defined in the
appended &IABMS: CLAIMS: 1. A nethod of repairing a turbine nozzle segnent
havi ng at | east two vanes disposed between outer and inner bands, said

met hod coqprlsgpgxﬂﬁﬁpéfﬂ%%ﬁg#ﬁ%;ﬂgh@ﬂﬁfzE gn%BPHL %t@ﬁ%@bﬁ%zﬁﬁ%egt

repai ring damage in said ] ol g sa i nner

| east two dispused bebmeehaataraed innrepbacisysait methad comgsisingach of said

repl acenent castings having an outer band portion and a vane having an
airfoil stub forneq t hereon od.of claim1, further conprising

joining a Vanesgpgfqgﬂgsggllgg?r&)agglﬁpg} ?al&léﬁfhe SegMeHe et hod of claim1 or 2,

further conprising joining an inner band collar to said inner band. 4. The

met hod of cl ai mepdirifgdanibge i€ &P irnst Bghd; @adi ng said inner band collar to
said vane collar. 5. The nethod of any one of the preceding clains, wherein
sai d repl acenent, . cast|ng |s fabri cat ed fromthe sane_material as said

i nner band. 6. JORREA ANt bagdy 1) 3L lgst ch&l newly pgnufactyyed, @P}?cglaf”&
repl acemefstas tdabid of §a1dfr@ﬁﬁée‘f@etn?ga§tﬁ1 §rh taﬁro:)'u E)OH 9 4mahd

mat eri al propertles W th respect tot erla t hat sal I nner and IS
f abri cat edta¥ing an airfoilfteb foemnbd thepfonany one of the preceding clains, wherein
said vanes of said nozzle segnent have a first design and said vanes of

sai d repl gcemeqy,, %?e%ﬁ(;cf"gfsclagglvﬁ frther comprising joining a vane collar to said airfoil
stub.

3. The method of claim 1 or 2, further comprising joining an inner band collar to

said inner band.

4. The method of claim 3, further comprising joining said inner band collar to

said vane collar.

5. The method of any one of the preceding claims, wherein said replacement

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

6. The method of any one of claims 1 to 4, 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.

7. The method of any one of the preceding claims, wherein said vanes of said
nozzle segment have a first design and said vanes of said replacement castings have a

modified design.

8. 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 castings have a modified trailing edge cooling configuration.
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nodi fied design. 8. The method of any one of the preceding clains, wherein
said vanes of said nozzle segnent have a first trailing edge cooling
configuration and said vanes of said replacenent castings have a nodified
trailing edge cooling configuration. -11 9. A nethod of repairing a turbine
nozzl e segnent having at |east two vanes disposed between outer and inner
bands, said nethod conprising: separating said inner band from said nozzle
segment ; provi dt mpthedahrspairig 2 fabmecpzzispsegment hevingof ileagt %9 vapgsh vane
of said i I i< | .casting having an outer
band port}dgg:gggéggjeg%%lad:?g?%gal \r/1’31%{213’osl‘ali(gigtllegl%r8g%[ill lgglﬁ%nt casting having an
airfoil stub fornmed on one end thereof; form ng one recess for each vane
of said repl acesepmtingzeid ingerihand fifoinr sid soztle segmestai d i nner band; for each
of said replacenent castings, inserting said airfoil stub into said

corresponding r - Jolning e of, said airfoil stubs to said inner
band; and | oi ﬁ?ﬁg‘ﬁg%jdaﬁ‘j%% Igﬁ%u?g%ﬁreggf GG RN 05 PFR Yane SQéﬁ@h ot her.
10. The neibigd mizlelsagmeid, sdid &%iwenﬁﬁﬂmsﬁﬁg Rgvih® b loBr BavdBpertieflanda to said
airfoil stub. 11. The nethod of claim9_ or 10, further conprising joining
an i nner BaRy sgidiveae of p3d zeplacemet sastibe bavingan airfpibstub derened op onpr@ndnet hod

of claim Jleredfurther conprising joining said inner band collar to said
vane collar. 13. The nethod of claim 11 or 12, further conprising formng
one pocket in said inner band for each of said inner band collars, each of
sai d i nner bandomuhg anerdsessrigr ejabi vapd of said aepladeneat cdsting it figstisile of

cor r esponglng. ROgkes.-

for each of said replacement castings, inserting said airfoil stub into said

corresponding recess;
joining each of said airfoil stubs to said inner band; and
joining adjacent ones of said outer band portions to each other.

10.  The method of claim 9, further comprising joining a vane collar to said airfoil
stub.

11.  The method of claim 9 or 10, further comprising joining an inner band collar

to a second side of said inner band.

12.  The method of claim 11, further comprising joining said inner band collar to

said vane collar.

13.  The method of claim 11 or 12, further comprising forming one pocket in said
inner band for each of said inner band collars, each of said inner band collars being

joined to said inner band at said corresponding pocket.

14.  The method of any one of claims 9 to 13, wherein providing said replacement
casting comprises providing a newly manufactured singlet casting including a vane, a

contiguous portion of an outer band, and a contiguous portion of an inner band, and
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14. The method of any one of clains 9 to 13, wherein providing said

repl acenent casting conprises providing a newy manufactured singl et
casting including a vane, a contiguous portion of an outer band, and a
contiguous portion of an inner band, and -12 renoving said contiguous
portion of said inner band fromsaid newly manufactured singlet casting
while |eaving said airfoil stub. 15. The nethod of any one of clains 9 to
14, furt hEPMRGRY SRS Gogtigemts osiioroef said parier iband demasaid ingwhamampfaeisredband.

16. The rrg}nté?quggﬁn {‘%{%B? av?rfgt%kecﬂip{%il%nfoo 15, wherein said repl acenent

casting is abric rom sane naterial as said inner band. 17. The
nmet hod of any one of clains 9 to 15, wherein said replacenent casting is
f abri cat edsf r oftha methed iofl anlyhade bfislagnh@ntoe td,nhifrther abmprisipe the eepveft h
respect to the terial .that said inner band is fabricated from 18. The
met hod ofrﬂﬁ?“&ﬁgggﬁeﬁF5?&§n§r§%“37, wherein said vanes of said nozzle
segnent have a first design and said vanes of said replacenent castings

have a nudi fi aghed@sthéof i3 onBE JlERIE 0o Ofs, dR¥redNEai®teptdcameRt Sastify &8,
wherein sai d vanes of said nozzle segment have a first trailing edge

cool i ng cd#ricgied framp thegame seateria) aneaid gimesband. repl acement castings have a
nodi fied trailing edge cooling configuration. 20. A turbine nozzle segnent

compri Si ngy. anaReHcRands A RS 13, WARIAP AR Aol £33 AP

i ncl udi ng an outer band portion and a” vané di sposed ween sal & outer and
i nner bandahricatedrfedmn asabrtrinlnthet hizaerthansed meaevinopebyrties edtharspace patheed

structure and. said r.epl acenent .castings are newly manufactured structure.
21. The n&a}?‘@ig@éﬁf’éﬁm’é’fﬁ@}d&}?ﬁ? ?tea%&%i n sai d i nner band and said
repl acenent casting are fabricated fromthe sane material.

18.  The method of any one of claims 9 to 17, wherein said vanes of said nozzle

segment have a first design and said vanes of said replacement castings have a

modified design.

19.  The method of any one of claims 9 to 18, wherein said vanes of said nozzle
segment have a first trailing edge cooling configuration and said vanes of said

replacement castings have a modified trailing edge cooling configuration.
20. A turbine nozzle segment comprising:
an inner band; and

at least two replacement castings each including an outer band portion and a
vane disposed between said outer and inner bands, wherein said inner band is
previously used and repaired structure and said replacement castings are newly

manufactured structure.

21.  The nozzle segment of claim 20, wherein said inner band and said replacement

casting are fabricated from the same material.

22.  The nozzle segment of claim 20, wherein said replacement casting is
fabricated from a materjal that has enhanced material properties with respect to the

material that said inner band is fabricated from,
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22. The nozzl e segnent of claim 20, 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 -13 23.
The turbine nozzle segnent of any one of clains 20 to 22, wherein said
vanes of said nozzle segnment have a first design and said vanes of said
repl acenent castings, have a nodified design.. 24. The turbine nozzle
segment of3any Igfdugmediogzigseament of any 0%@?9 dpimssy] i@ A2a Hdsreinpaid ypepsnozz| e
segnent h : i kil q NG CHRES i i anes of
sai d repl gggarlrg rl}%kzgig‘%%%ghﬁ%\%eﬁ%g%g@%dgﬁ rail F% ﬁggag%@ﬁé grglg?t?\%kt%éé

conf i gur ahawona m@Bified dewighod of repairing a turbine nozzle segnment having at
| east one vane disposed between outer and inner bands, said nethod

conprising, separating sai.d inner bhand from.said nozzle,segnment; providing
2wy it e S T S BAGH oh AR BFS BRERPPALOgE: SAH THD VAP nozzl o
segment, $akdd sbrAdé Ségrient hhbnda Ha tafing edae BoolhgCRRFiLEIALS aitPEdid Qlnedf an
outer band, and a contiguous portion of an inner band; renoving said

cont i guou§t ¢ repdaremeniseasiingsihare 2 mpdifiadrtelingedge seoling configumtion.ur ed si ngl et

casting while leaving an airfoil stub formed on one end of said vane;
form ng ong reqesSlRr i I.E.%n - Sa] .Q%!n?e% Wl I first side
of said ian'ner%ban ;daf gf% a%: o? @fgll%a%%r%gﬁe caggllgﬁltélg?aqislﬁé%r |en{5{n§aid
ai rfoil stisposedtbetvgandutear and empobatidsgaidonethsd compmsingg each of said airfoil
stubs to said inner band; and joining adjacent ones of said outer band

portions to ea%@pa?f}tﬂl%rsaid inner band from said nozzle segment;

providing a newly manufactured singlet casting for each vane of said turbine
nozzle segment, said singlet casting having a vane, a contiguous portion of an outer

band, and a contiguous portion of an inner band,

removing said contiguous portion of said inner band from said newly
manufactured singlet casting while leaving an airfoil stub formed on one end of said

vane;

forming one recess for said vane of said singlet castings in a first side of said

inner band;

for each of said singlet castings, inserting said airfoil stub into said

corresponding recess;
Joining each of said airfoil stubs to said inner band; and

joining adjacent ones of said outer band portions to each other.
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