TURBI NE NOZZLE SEGVENT AND METHOD OF REPAI RING SAME FlI 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 downstreamto a turbine section that extracts energy therefrom
to power the conpressor and provide useful work such as powering an

ai rcraft in URBINE NOZZAES SEG@NGNE AN MEHOD OhREradREVGtSAIMEr y t ur bi ne
nozzl es that enhance engi ne performance by appropriately influencing gas
flow and pressure wthin the turbine section. In nulti-stage turbine
sections, turbine nozzles are placed at the entrance of each turbine stage

“to channglEEpbRTHPINGBNESONNt 0 the turbine rotor | ocated downstream of
t he nozzle. Turbine nozzles are typically segnented around the
circunference thereof with each nozzl e segnent having one or nore vanes
di sposed Yt Husation rlates gencsaiieto Bamsbing speipest e more Prtigilarly e digat h

boundar i q@g‘?é%fu&gﬁgemrﬂecs%g%gﬁ%iutg%ﬁ&gﬁa%lféli%g{i ng through the nozzle. These

" nozzl e se nts are nount e engln asing to forman annul ar array
with the vanes extending radially between the rotor bl ades of adjacent

t ur bi ne BAGESROENDE TaIpMo¥ENE$ONave been proposed for manufacturing
'nozzle segnents. In one comon approach, the nozzle segnent is a
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portion Gbmdistonnftierfianthe diieiss migetwithamge!t 8N ipAicdetort gaRirdiRly het t he
edges of the inner and outer band portions, for exanple Dy brazing.
o combustion gases. These gases flow downstream to a turbine section that extracts
energy therefrom to power the compressor and provide useful work such as powering
- an aircraft in flight. Aidrcraft engines typically include stationary turbine nozzles that
enhance engine performance by appropriately influencing gas flow and pressure
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 fo 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 innerband. 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 femperature, 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 ofien coated with corrosion and/or heat resistant materials.
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Nozzl e segnents are exposed during operation to a high tenperature,
corrosive gas streamthat limts the effective service life of these
conponents. Accordingly, nozzle segnents are typically fabricated from
hi gh tenperature cobalt or nickel-based superalloys and are often coated
Wi th corrosion and/or heat resistant materials. 1 Furthernore, nozzle

segnents_are ordinari cool ed i nternal. wi.t h .cool i.n L r xtracted from
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of the nez#iked GOHEMS coPpfdsédt UloaprloYorghSerVieB dife. CRUerD @6@MBuchI effdetidl,
corroded, and otherw se damaged such that the nozzle segnents nust be
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expensi ve material's are expensive to “manufacture, 1t I's generally
nor e .desirephdrled tb anaimpal saft, heffiviedtengirer ofpodionb| Becalisa séAzlegsegepaisrarpr ocesses
I ncl ude techgi gu%s such as c[}%ck@r.eéair and di nensi ongl restoration of
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result of repeated repair and chem cal ‘stripping processes. Thus, nozzle
segnments _may becone danmaged to the point where they cannof be repaired by
“known r eF&isting repads geesessTh includeciephiiiquen Sugl @B sapckatepair apd sbigepsionant egr al | y
cast noz Se ar | t f . : : | band is
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t o avoi ddarampiand uhie aiimus walt zhiekissgeye mhidhnarsusxkealed iak watesdhof it woul d
be desirable to have a nethod .for sal vagi the repairabl e rtion of the
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met by ag.RshadbROboial whie tREESAALL BWBRTAOY kMWt 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 an embodiment 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 may include 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 may include an airfoil stub. The airfoil stub may be received in a recess
formed in the inner band. Joining may be completed by joining the airfoil stub to the
inner band. The replacement casting may be modified from a newly manufactured

singlet casting,

In accordance with a first aspect of the present invention, there is provided a method
of repairing a turbine nozzle segment having at least two vanes disposed between

outer and inner bands, said method comprising: separating said inner band from said
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provi des a nethod of repairing a turbine nozzle segnent having at | east one
vane. di sposed between outer and inner bands. The nethod may i ncl ude
separating the inner band fromthe nozzle segnent, and joining the inner
band to a newwy nmanufactured replacenment casting having an outer band and
a vane. The replacenent casting may include an airfoil stub. The airfoi

stub may be.received in.a recess forned %:Eléth .l..nner _band. Jai ni ng may be
conpl et e8OHC FEMPhJeRATEN S aase i 84idhnep b and jodnipg paidh oo pRndr 8 8F acenent
casting ray the ﬂ&q*fﬂaﬁgfaﬁﬁlﬁéﬁl‘@plﬂﬁﬁ‘néﬁt ERBUEACheH Shaidreplb@hent agdtingg- | N
accordance with a Tirst aspect of the present invention, there is provided
a met hodhadpg pepatar bapgd aottgniindea vase Hawingegrearioil lstwbi fagned thewast saido vanes

di sposed r | r ds, ' t .GQ 1,81 RO, . separating
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i nner babehdisgshid outer Behdgitibnis i eschlodligd. to at | east two new y manuf act ur ed
repl acenent castings, each of said replacenent castings having an outer
band portion and a vane harlg{lg an ajrfoil stub formed thereon,,K said outer
band por t'h 8#PTEEGHETEL ARy Werhel the prsseit SRETtop, et i PERYE f band; and
bondi g gRIMAO RipaRRBC: RRbInE ARSIk 0seBRCH: RIISE at 1dAsARFPKERRCAsp¥std a second
aspect of the preSent “invention, there is provided a nethod of repairing a
-tur bi ne h&weer ovieyapth inteabandy, said recibed cowprsing ssepireipns said inner heeh out er
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- each: vaneachfvagaiof shidrtbibige nezld sgargiyeald, repRcemér Pasthgnieningcasbuteg havi ng

an outer, band portion and a vane, said vane of said replacepent casting
‘havi ng aPand; Rartion ard ayang, spideane Al sm replaremeat easting having aryaistod stdtess for

each. vang,bd $Al the &R BRIFEMorming one recess for each vane of said replacement

casting in a first side of said inner band; 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.

In accordance with a third aspect of the present invention, there is provided 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 said outer band portions being

bonded together to cooperatively define an outer band of said nozzle segment.

In accordance with a.fourth aspect of the present invention, there is provided a method -
of repairing a turbine nozzle segment having at least one vane disposed between outer
and inner bands, said method comprising: separating said 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
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casting in a first side of said inner band; for each of said replacenent
castings, inserting said airfoil stub into said correspondi ng recess;
joining each of said airfoil stubs to said inner band; and joining

adj acent ones of said outer band portions to each other. In accordance
with a third aspect of the present invention, there is provided a turbine

nozzl e segnent . co r|s i nn n t two r.epl acenent

Costi ngs CEUER i RAPUdMs LM Disne: CHdn et o {588 B i 85888 bet ween
sai d out ggid amdoil Bﬁﬁrmtobs'ﬁﬂﬂﬁorré&ﬁ&icﬁhg‘r&@&sd jéiNGrcabiRB€ s4i8 TSV kRBSy used and
repaired structure and said replacenent castings are newy nmanufactured

st r uct ur &aid diner bapds andipiningedieseohends@if sgd optsh band! pasdensHe cadhpthFoper at i vel y
define an outer band of said nozzle segnent. In accordance with a fourth
aspect ofrnt BRsBitGaftioh NN hintab 888 r b o WHARH RodRL BfhrerRbipb,ePAI 11 NG 2
t ur bi ne noz segnent aV|n east on vane I sposed tmee outer and
i nner bammgsthe dollmtihg)detarbetbdessnptgm sebthe appaged alaiins mithrrefessnde to om sai d
nozzl e nment ; %fro%idlgg a newy manufactured singlet casting for each
vane of CQEPPVIE IREPES e segment, said singlet casting having a vane, a
contiguous portion of an outer band, and a contiguous portion of an inner
band; renoving said contiguous portion of said inner band fromsaid newy
manuf actured singlet casting while |eaving an airfoil stub fornmed on one
end of said vane; form ng one recess for said vane of said singlet -2a
castings in a first side of said inner band; for each of said singlet
castings, inserting said airfoil stub into said correspondi ng recess;
joining each of said airfoil stubs to said inner band; and joining

adj acent ones of said outer band portions to each other. The present
invention and its advantages over the prior art will becone apparent upon
readi ng the follow ng detail ed description and the appended clains with
reference to
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t he acconpanyi ng draw ngs. -2b BRI EF DESCRI PTI ON OF THE DRAW NGS The
subject matter that is regarded as the invention is particularly pointed
out and distinctly clainmed in the concluding part of the specification.
The invention, however, may be best understood by reference to the

foll owi ng description taken in conjunction wth the acconpanying draw ng
~figures in which: Figure 1 is a perspective view of an engine run turbine
nozzl e segnment. Figure 2 is a perspective view of the inner band separated
fromthe nozzle segrrent of Figure 1. Figure 3 is a perspective view of a

r epl aceneBRIEESIH JEQN|OF THE PBAVINGEt hod of the present invention.

Figure 4 is another perspective view of the replacenent casting of Figure

3. Figure i p i Ve Vi ary. pr. i ast.i used to
make the. 1ResPuBaPBARESRA Kokl A ot MYERR I GO, bEREER 90, " e
of the i nditinéthnelaiafedin gier @ndludingwiandfithespeaificalidry Tiwiavention, hewdwdr, si de
t hereof Figure is.a @h p%(éﬁtqi ve view of a repaired turbine nozz|e

I

/ ! . 102 7]
‘segment . TWBEDPEbegynders renge 4 the fallasxing desouptien (akeg 18 SOWHRCIRaW ngs
wherein i tdh & als - “;?lhgrggl%§- . the sane elenents throughout
the vari og?ﬂvﬂlligm%?ﬁfé?@ﬁggg% shows a ltnﬂjrﬂg%'e nozzl e segnent 10 having first

and second nozzl e vanes 12. The vanes 12 are di sposed between an arcuate
out er banliguze hisc: patspreideatiewiod ar engiastiniterbiftheozzlerregmet. define airfoil s
configured so as to optinmally direct the conbustion gases to a turbine

r O_t or ( noi:igure 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 another perspective view of the replacement casting of Figure 3.

Figure 5 1is 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 1s a perspective view of a repaired turbine nozzle segment.

DETAILED DESCRIPTION OF THE INVENTION

R'eferr_ing 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 &eﬁne airfoils
configured so as to optimally direct the combustion gases to a turbine rotor (not
shown) located downstream thercof. The outer and inner bands 14 and 16 define the
" outer and inner radial boundéries, 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 t'hrough the nozzle segnent 10. The vanes 12 can have a plurality of
conventional cooling holes 18 and -3 trailing edge slots 20 forned
therein. Cooling holes are nost typically used with first stage nozzle
segnents; |ater stage nozzle segnents ordinarily do not utilize such
cooling holes. The nozzle segnent 10 is preferably nmade of a high quality
superal | oy, . such as a cobalt or_nickel-based superall oy, and may be coated
with a cdfaibag edge stats 2Q formed therein. {Focding/hotestanemeat typioelly ssedcwidh firg. The

nozzle s 0 e ruc fromtwo ar more singlets 13 which
are | nd%%@g&ag neélgs ’ elgtgﬂ%{él ?rpr}rolggllen% “ tgn%raw)é%eo?ﬁq%ﬁﬁ@ﬁss“ﬁ rtion of
an out er doalinig hdlds. Finen@ezixosepingtOLGispREfkiably RAdEHF 4 RighlquiRtydud&alickhe
individualsginglets 13 ar | oi ned al?ng joint lines 15, for exaqpfe by
brazi ng, 61 @rhfet %Ht?ﬁ@lr ot supsralloxs cgemay be. corteshwithya soresiemgi ne

wll i nclﬁggaﬁﬁit&qglah%rg{\m?w%{gﬁﬁr 10 arranged circunferentially in

an annul ar configuration. met hods of the present
I nvention are described herein with respect to a two-vane nozzl e segnent,
i t shoul d’hsenozelesganemss 10maay bdeonstrested tfronntvendi orore singlptsal 3 whizhpkd cabl e to

nozzle s havi n ny nunber of nes. Durin ngi ne operation, the
nozzl o s dURRAR e Aol dmBiIRg b yne d208 Ropugoi Borfiof ol an pbter Basd | ocan
gas stredd) ayela- doHpesiE! pirfoRof faAl iBhe b Bt THeBaR Y stdfAE 9D are AS
menti oned above, a portion of the nozzle segnent 10 may becCone danmaged to

the poi deinggheleagijoing dmsstl Shéor epaiple by Byazing\in foupahe compleset sezzleThe
present i i IS ;.0 gcted i . of _repnairi nozzl e gnent in
whi ch t hesg‘%’lrﬁ%}etrﬂgand %ag t&‘r%gr%a??%g? yﬁ#?@ggt%ggu@@zqg%gmn& cture is
non- r epaiarrabged. ciByméayntidlly 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 enginé 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 jnner 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 tlowpath), 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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exanpl e, 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 m nor
damage and is repairable. The repair nethod includes the principal steps
of separating the inner band 16 from the nozzle segnent 10, and then

~joining the inner band 16 to two or nore newy manufactured castings that

replace the structure fromwhich the inner band 16 was renoved. As seen in
Figure 2, the sal vageabl e inner band 16 has a cold side 22 (the side
facing-away fromthe hot gas flowpath) and a hot side 24 (the side facing
the hot wwasulpetergdatenhingsatni¢hete heeaindfion velstred tales she rrplagemerieeptings f | anges

26. The f | I pRar i . and
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an engi nean integually Gisispieveshavivez af outtchandwoytion 30, revané 341 atidegh aiefsil stas, whi ch
are hereinafter referred to as the replacenent castings 30. Each of the
repl acenegft castings 30, which are described in nore detail below, is an

integrally cast piece having an outer band portion 32, a vane 34, and an

airfoil sifale sftdifichhy,ans BEGAIT k&GP e rdpaf bl A toSh§RcPéndifterungdgile Met hod
I's to inspect "'engi ne run nozzle segnents returned fromthe field for

servi ci ngsegmentdeevitfed fowe thesfaeddfortssrviding toaidentifysuch sagopsatsr ldthet haveer band

16, whil e ot.h nozzl.e . structure i S non-r irable. Once.,a
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any coatOng #8bieibléethzA6 begdind$ 10d1ak @se Mentifibd et BRbuld ®%iskippel oFqalyi ngs)
that may be present. The coating material may be stripped using any '
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next step is to repair cracks in the inner band 16 and perform dimensional build-up of

the flanges 26, using known repair techniques such as alloy brazing, alloy build up,

welding and the like. These conventional repairs will be carried out as needed

depending on the condition of the inner band 16. Any corrosion or thermal coatings

that were originally used are not reapplied at this time.

The next step is to separate the inner band 16 from the rest of the nozzle segment 10.
Separation is accomplished by rough cutting through both vanes 12 near the inner
band 16. The cutting can be performed by any conventional means such as an
abrasive cutting wheel or electrical discharge machining. After separation, the
-unsalvageable structure is scrapped, and the inner band 16 is prepared for joining to

the replacement casting 30.

| Nexf, 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.




wel ding and the |ike. 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 tine.
The next step is to separate the inner band 16 fromthe rest of the nozzle
segnent 10. Separation is acconplished by rough cutting through both vanes
12 near. the inner band 16. The cutting can be perfornmed by any
conventional nmeans such as an abrasive cutting wheel or electrical

di scharge _nmachi ning. After separation, the _unsalvageable structure is

scr apped, Howeverrbe rasuses fawdll beeak shiopghy a sigmificont pastion afthednner and &p| acenent

casting 3aQ'sev[g?ﬁitlocaﬁgﬁss%sns'ﬁigwnpand 16 is prepared for joining to the

repl acenent casti ngs shown in Figure 2, two recesses 40 are forned
in the hot side 24 of the inner band 16. The perineter of the recesses 40
-appr oxi meligeret heshaws fani ¢xengpidrgueplaterhdig casties 384. Eaéhnef pghefreplaethemtinner of

formng the airfail shaped recesses 40 is to plunge electrical i scharge
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renoves the flow path wall and does not plunge into the support flanges 26.
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outer band portion 32 includes opposed | ateral edges 29 which mate with
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vane 34 nay
44 extends laterally beyond the surface of the vane and includes a joint surface 45. A

fillet 43 is disposed between the vane 34 and the airfoil stub 44. This configuration
locates the braze joint away from the fillet 43. This allows the formation of a more
satisfactory braze joint than if the joint were located in the fillet 43, and also allows
the incorporation of cooling 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
3‘3 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.




as those on a conplete nozzle segnment 10, including the sane internal
cooling passages. The vane 34 includes an airfoil stub 44 forned on the
radi atly inner end thereof. The airfoil stub 44 surrounds the perineter of
the vane 34. The airfoil stub 44 extends laterally beyond the surface of
the vane and includes a joint surface 45. A fillet 43 is disposed between
the vane 34 and the airfoil stub 44. This configuration |ocates the braze
joint away fromthe fillet 43. This allows the formation of a nore
satisfactory braze joint than if the h@int were located in the fillet 43,

and al so Hieitbigknessaseofithe mspband bhaed thesinpih gtube 4t of & vinendhmuskbs i | | et 43
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di scussed 6atmredhe aihfoilisawls 4 oftirfanes 34,dd ircasase thy 143jdigtpudadd ared.s a si ngl et
whi-ch includes a vane 34, a contiguous portion of an outer band 32, and a

contiguoys portion of an inner, band 35.. The si.n . 13,1.S, pr, ed for use
ce"s Pepiicalan HheEbrRleatBRls BeiE o kSt Enh ikl BRI ) ong o
cutline kfapeti@b neeeube o the intVbBRE D6 Bhd bas 4 B@ficangit ileficed withs  t hen
separated and di scarded, and the remaining structure forns the repl acenent

casting 3 edldwideid? ¢f Garierer bapdd64Thajmepband rallro?s muy hearangekior 7 | s
| ect ed. t WER ' il | i h
aatal |y ok AR pertlertiichhece ol fo 4ty S HE o PR, poP SbEARL 0 01 L1

The t hi ckigss 6sllwfratds e dirfoidshdyed doltfis,cond forveardiof fheiflangt Db andldneodft dfhe vanes

34 nmust be .
the flange 26 for each recess 40. Other collar arrangements may be used to suit a

particular application. If needed, a flat pocket (not shown) may be machined into the
inner 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 38 are preferably made of the same or
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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| ar ge enough to provide the desired lap joint surface area to result in a
braze joint of adequate strength. In sone cases, the joining surfaces of

t he replacenment castings 30 and the inner band 16 will already be of
sufficient area. However, if needed, one or nore collars, described bel ow,
may be attached to the cold side 22 of the inner band 16, or to the
airfoil stubs 44 of the vanes 34, to increase the lap joint surface area.
Exenpl ary inner band collars 38 are shown in Figure 6. Each inner band
collar 38 is dto tch he curve, of the |nner band 16 and has a
surface tWthﬁl?{n@Pga]ée%r 35 45t of AGniBIAl a3t e ComPBADIE Hfr JPHWRS LLBRAING. The

I nner ban d ld t fal.he
rocesses TanyeiEe ooty S ARD0] TR viuelopit {1 mBPEd MElGREd 0

i | 'ust r at aisfoil shibsfditly-tatkaweldingol | ars, one formard of the flange 26 and one
aft of the flange 26 for each .recess 40. O her coIIar arrangenents nay be

used to s cul licatio ne a fl o)

Shonn) mad fb FioeD Ritd §ia RpistRR sobRlctal and ine GTRE 15 Bud 48w Palh (8D .
seating Ofsellf)ahé @hrlerrbadd 1BNaddeGeptatime BSids SI0dfe adsentled REfdrANEr band
16. The inner band collars 38 are preferably nmade of the sane or simlar

‘material ¥pairek nopdersegmeat £4 shovar in igereol. a’lﬂaﬁt @mﬁlalbatl(haltﬁ ard ctbepat i bl e

for joinj Bﬁc%lﬁeﬁt &Ssgﬂgge b%@%ée@nb?&fjb gﬁstaﬁ g %aﬁ,ts @9.&9 pEach

“i nner ban as a | ol ni sur sl hner
peri nmet ercoxd‘espckndmg)mcd‘fsss #0yeas shddntm (ﬂr@.ire b ape painsnire &feﬁ@om&'dlﬁ)gfeﬂieﬁ kness

o adequAPEb Aan Bl g e e FapH Aberitner Sad MTHiSEs o (e
| nner bamﬂe%&erﬂaﬁd 'hBF%He%”%eC%E%Bﬁ?I;"%—%¥ i¥eralds 3aNae oAb 91! pper band

16 by tack wel ding. Exenplary vane co rs 41 are shown 1 n nore detail in
Fi gur es 3usedld the 1ﬂﬂ¢ebamh@llacm—inamsbanﬂ inteffaces e, the bmkdbdnd caldsside22(ifol | ar

i gure 3ycotap 4 Basin e qit nintf BE uP ke ofes s8Rt aeriad eions  °°°

32. )If collars are used, then the joining surfaces 42 of vane collars 41 are also bonded

to the joining surfaces 39 of the inner band collars 38. 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 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 é
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).




amount of additional joint area required for a satisfactory braze joint. In
either case the vane collar 41 has an inner surface that conforns 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
al so includes a joining surface 42 along its outer perineter which

provi des the additional braze joint area. As wwth the inner band collars
38, the vane collars 41 are preferably made of the same or simlar nmaterial

o1 ni mg. 5 OBREmPAaIent Sar APIEGETIS CErios A ER BHEFCL O R oseE TR e
col l ars %&ﬂi@ﬁﬁn&%ﬁﬂtlﬁ%%&&e Elh‘%)&ll%ﬂrnfcﬁﬂt? s€ 544h£¥etﬁﬁ’1§‘fhé"ﬁﬂafﬁrﬁ9- A ter

i nner band nmachining is conpleted and the coflars 38 and 41 are attached
(if usegygpertics ofrtheuongmablnqﬁamnehélﬂeﬁ{mnn auethtn erggodithent, dhassenbl ed

bod Che! TentieRttol ERengE b frd BURENEA Fon? Retetchh R platerh By 0BGy RO, 40

stubs 44 hfing ehhﬁlce@ﬁfat@ﬁppmgbﬂ@s.r Rﬁﬁﬁﬁ%tlﬁ%s@tﬁa thdsdriigpllige 68 The
parts are then _joi ned together bondi ng al ong the follow ng interfaces:

the airf @i gasmq eNgGineheqmpnReet i“rq‘fgéﬁsfﬂa@%’ ofegmenb npred wiays Betabls de 24,

t he vane a % t he

i nner bartl‘er"lL(J oﬁ'fn é(gl #bgnr%&%ﬁt; ?%‘{eg egcggﬁg@%@g{ ?Irﬁé? %%anté’yig‘%ldm de 22
(i f col haves tareplasedxting fmmmnarts bm]d)nevamdnmbmemtﬁbma&dgﬁsnﬂ%mf t he
out er band [ |l ars are used, then the | nlng surfaces 42

OI‘
of vane 881’ é'ﬂﬁ&yg&@a%ﬁ% d r%el?fﬂéﬂr?leﬁrﬁwsngﬁg\m‘feaé@g fabyCaling he i nner
band col Itl?éé?fégcmﬁﬁ%t fHds YRS ARCTmAITR édsélﬁg tHerl' &Q%E@E:Iseggbmwner such
o] gén err

‘as brazing wel di ng al't hough brazing i1s er al y pre gi ven the
t her mal grnhobtin,sn pirgtthe erhapeadimatitidl dyepastigosed t o during engi ne
operation. One preferred joining operation would be to first tack weld each

vane st Uti‘he replacement castings 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, 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 segmént 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,




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 airfoi
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 assenbly is
then placed_ in a furnace, posifioned with the i band 16 up, , and brazed

nner
using a WhtRReFRIaeemapt restings 49 may lawpe@ﬁ@gﬂ@ﬁgéﬁﬂgﬁ&wes evhti¥gs t hat
ver e Of | abd\@nldudtaPok &1 ok BAMREIRRac0 RardiiPppoRRgEr . The Tesult 1s a
repai red nozzl e segment 54 having a previousty used section (corresponding
to the inner band 16) and a newly nmanufactured section (corresponding to

t he repl ablenfemegoingshasndmscdiged. a fabricated irepaininethoddar furbine nozpleascements
castings 30.are fabricated fraomthe sa teria as the. inner .band 16 to
b oduce: Al poreS SR e ko PRt REthe REeshalt v PHIon BVEper 11 oo
of the oridghdadcribed 3t §ilFEOaYAteni B thooRYIEEd inithe @ Giab Qiricu¥IA6UIRBRIons t he

repl acenent castings 30 are fabricated froma different material,

pr ef er ablthergo ean bymage Withguiedaparingofromztthe ispirit gnd geanei afsthe invansionfasen t he
case t hat e‘fiﬂ@&ﬂpmggﬁp&%d’hﬁ ife Qf a gas turbine engine conponent such
as a nozzle segnment 1 nproved alloys suitable for use with such conponents
are developed. Traditionally, engine operators would have to replace

exi sting conponents with new conponents fabricated fromthe inproved all oy
to realize the enhanced material properties. However, by fabricating the
repl acement castings 30 fromthe inproved alloy, the repaired nozzle
segnment 54 w | obtain, in part, the enhanced material properties.
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The repl acenent castings 30 may al so have nodified design features conpared
to the original nozzle segnent 10. As with the alloys described above, it
is often the case that during the service life of a gas turbine engi ne
conponent such as a nozzle segnent, inproved conponent designs are
devel oped. The nozzle segnent 10 nmay conprise a first design having
particuliiﬁgﬁégpynanic, t hernrodynam ¢, and nechani cal aspects. For
exanpl e, nes 12 nmay be formed according to a first airfoi
definition which incorporates a first trailing edge cooling arrangenent
(i.e. the, conf hgtHod!dforpaifingl0tsbindHoe s_é‘%lﬁeﬂtrﬁaﬁlﬂgaét Rasid@esanékli ch
direct pressurized cooling  air to the trailing edge of the vane 12). The
r epl acendiposed betrrgs ogior mrdinseminnds said mefher] ¢anenfisigi gn. The nodi fi ed
design may include a second trailing edge cooling design of a known type,
whi ch has a di L ?ﬁpg : s, and internal casting
features thatk%%gﬁﬁg%gﬁléggg |ng&g§ég§%%§?Fe %??angenent, and which is
intended to provide inproved cooling performance relative to the first
trailing edgerapeisingrigmage insaigoimperthandandaer odynami ¢ design of the vane 34
may al so be nodified to inprove its performance. This enbodi nent of the
present inventj p. L r.epai ozzl e seqnent . 54, that obtains the
benefit of i n%%%%dﬁr co#%l%ﬁebn dotgs?tggle%gf {e%‘éq l?re‘é@/vvi Pﬁlgaﬁfurﬁ%\f?lﬁace%n&nfepl ace
E) he epﬁt) i ca(tjiﬂgsz Eﬁﬂl GE@ﬁEEfﬁplac}'lhieﬁtl fmﬁ@gs; havingt agﬁ%utaL mﬁmoﬁi?]tvem h@@mﬂray al so
e conbiped wt e inproved al |l oys, descri hed above. That is, the
ori gi nal ﬂ%&& %a@@g ﬁ&%%@f@e repRcBidhoer kand pertioss cagncsfing ie defing & st
desi gn, repfhcihibhtSol %1 R RAOETERM castings 30 may incorporate nmodified
design features and nay be constructed of an alloy having enhanced
material properties. The foregoing has described a fabricated repair method
for turbine nbonding saishorsertband peditbn to ¢deb othepai r- process. Wil e specific
enbodi ments of the present invention have

2. The method of claim 1 further comprising joining a vane collar to said airfoil
stub.

3. The method of claim 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 claim 1 further comprising joining an inner band collar to said
inner band.
6. The method of claim 1, wherein said replacement casting is fabricated from

the same material as said inner band.

7. The method of claim 1 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,

-11-




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 clains. -10
CLAIMS: 1. A nethod of repairing a turbine nozzle segnment having at | east
two vanes disposed between outer and inner bands, said nmethod conprising:

separating said inner d fromsaid pozzle_segnent; repajring_damage in
sai d i nnér bahﬁ? ﬂ’tﬂ’dj‘%ﬁ]ﬁ‘ﬁ‘g{ &(g]rﬁr&lq frﬂfg?’a‘l?aﬁﬁsacl_ ngtzle segstent fyerfeliisy

manuf act Wegsh SR RCARBNGS safBieblaBdSent @A Phavedl HodifiB a&8sENt castings
havi ng an outer band portion and a vane "having an airfoil stub forned

thereon, said outer band portions cooperating to define a replacenment for
sai d out & bahle meHediwdstaimg whergingaideranps of spé nprde segnesnebeve ofitser . 2. The

met hod of. gl qi i,.S14NG: 4 Q1. D | ar,. jd airfoi
Stub. 3. "ne et B8t i ot Al % BREBl urkhERE Tl

col | ar t modified trailimgexigb amdingdonfipeatimt. hod of claim 3 further conprising
joining said inner band collar to said vane collar. 5. The nethod of claim
1 further conprising joining an inner band collar to said inner band. 6.
The met hod of claim 1, wherein said replacenent casting is fabricated from
the sane material as said inner band.
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7. The nmethod of claiml1 wherein said replacenent casting is fabricated
froma material that has enhanced nmaterial properties wth respect to the
material that said inner band is fabricated from -11 8. The nethod of
claiml1l wherein said vanes of said nozzle segnent have a first design and

sai d van of ,sai d replacenent tings have a nodified design. 9. The
net hod oﬁa‘cl ammegéf‘wa@é‘goa 5’&661’&% Zlg Segrrrf Baving g least t0avaRes £ r st
trailingdegasedbestdel@utcd® ahd BHAEAbAnds, Saﬂqngﬁb(ﬂg;d{ﬁﬂ%n f said repl acenent
castings have a nodified trailing edge cooling contiguration. -11a 10. A

met hod of repairing a turbine nozzle segnent having at |east two vanes
di sposed bet weERBRESAIdIpRer bandFomsaidsozslgiseemetthod conpri si ng: separati ng
said inner band from said nozzle segnent; providing a newy nanufactured

repl acenent Cagfvidifs faOficvld GRant@Reured 6%%& meht/ E:ggtilﬁg nfgp g&éhevzﬁfaeg&}a&tid sai d

repl acement casting having an outer portion vane, sald vane of
sai d replubisamarzle segrery, aid/repipcementi cafting havingbarf outarbhndrpostien &mida t her eof ;
form ng regess for .each vane of .saj d.replac n asting in a first

si de of gé%’ & llﬁﬁ/ﬁ%? Oﬁﬁaﬁ FepragPmEnt Gistype layng ﬂf@@ﬂé‘nﬁ’“@ﬁi?& 988 €9 nserting
sai d airtikdof'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. 11, The pethod of claim 10 further conprising
joining a vanorRing ope regess 51)rdea§f1 veRs of said replacement casting in a first side of

said inner band;

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.

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

12. The method of claim 11 further comprising joining an inner band collar to a

second side of said inner band.

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

said vane collar.

14.  The method of claim 10 further comprising joining an inner band collar to a

second side of said inner band.

15. . The method of claim 10 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

-12-




stub. 12. The nmethod of claim 11 further conprising joining an inner band
collar to a second side of said inner band. 13. The nethod of claim 12
further conprising joining said inner band collar to said vane collar. 14.
The nethod of claim 10 further conprising joining an inner band collar to a
second side of said inner band. 15. The nethod of claim 10 wherein

providi ng sai.d repl acenent castl conpri ses rovi in a ne
manuf act (P& %% ﬁ@ﬁé:f’mé%?flﬁ ﬂ?ﬁrt}oﬁ‘c? Ut hngr 6%‘}% Pbn  of an

out er baplgletfdtidg GONE IGVRSSaRAHORURS an |nner band and -12 renoving
said contiguous portion of said inner band from said new y manuf act ured

si ngl et casti ng while | eaV| ng_said airfoil stub. 16. The nethod of claim12
further d6npriT8e Mtk oh ¢lgimo he fydek semprisisaiferming ene ppekietint gid &weh of sai d

nner I n - 1C: i L0 to said
mner b e B P g R bR B 0 U7 e
conpri si figsaiduanet legpd af smép:are*spmghn@p@et.i n said inner band. 18. The net hod

of claim 10 vvherei n said repI acenent casting is fabri cated from the sane
rraterla 9. .The net hod of 10 wherein said
Ton neombit odbf RSl oP 8RR 1h i oo e g e of TR R e Moo
mat eri al smﬁmfbar@s wWth respect to the material that said inner band is
fabricated from 20. The nethod of claim 10 wherein said vanes of said
nozzl e s%grrent have a

. The method of claim 10 wherein said replacement casting is fabricated from

the same material as said inner band.

19.  The method of claim 10 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.

20.  The method of claim 10 wherein said vanes of said nozzle segment have a

first design and said vanes of said replacement castings have a modified design.

21.  The method of claim 20 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,
22. 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 said outer band portions being bonded together to

cooperatively define an outer band of said nozzle segment.
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first design and said vanes of said replacenent castings have a nodified
design. 21. The nethod of claim 20 wherein said vanes of said nozzle
segnent have a first trailing edge cooling configuration and said vanes of
sai d repl acenent castings have a nodified trailing edge cooling
configuration. 22. A turbine nozzle segnent conprising: an inner band; and
at |east fwo repl acenent castings.each i.ncludi ng an outer, band portion and
a vane d’spos rﬁéﬁﬁéﬁg{ng’gpgd@%%ﬁ‘%}ﬁelpﬁﬁ‘gﬂmﬁghﬁ@aﬁ% CRCEN i nner
band is dagBigs P& FbYicats® SofNHe EBRAMhRHaSt ructure and said repl acenent
castings are newly manufactured structure said outer band portions being
bonded to%et her to cooperatively define an outer band of said nozzle
segnent . 243 Jdde gl segnants efy figim @2, cvkarein2said visplaegment agastinginiér  band
and said eBnt ' e 14C f . rikal . 24.
The nozzlfaeﬁgggc%e nt c?f mcﬁg%fm&gtzﬁésv\%ﬁejra%?ég @gﬁgﬁaﬂr r%ﬁ%régsen\gﬁ?rfg?gﬁt ﬁ)géhlgs

f abr i cat echténad tha saie imerei bind ik fbricated éohanced naterial properties with
respect to the material that said inner band is fabricated from -13a 25.
The turbine nozzle segnent of claim 22 wherein said vanes of said nozzle
segnment have a first design and said vanes of said replacenment castings
have a nodified design. 26. The turbine nozzle segnent of claim25 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.
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27. A nethod of repairing a turbine nozzle segnent having at |east one vane
di sposed between outer and i nner bands, said nmethod conprising: separating
said inner band from said nozzle segnent; providing a newy nmanufactured
singlet casting for each vane of said turbine nozzle segnent, said singlet
casting having a vane, a contiguous portion of an outer band, and a
contiguo por.ti on . of an inner band;  renpving said, ,contiguouys portion of

sai d i nne bar;[&‘efti“mesﬁ?@ll%éwm r?gri%ﬁ“é‘c %W‘g’ﬂreér? ﬁ%}fle“[a_n‘é%lg sHY 1RBTEe | eavi ng
an_ai rf Oisbgrfiétbhaver 4MeHlst OesPACRN daiff vt Of MANRopldcOhBhNEasARg: heregS for
said vane of said singlet castings in a first side of sard “Inner band; for

each of d&vgedified drgism castings, inserting said airfoil stub into said
correspondi ng recess; joining each of said airfoil stubs to said inner

band; - and j oimnGAl AN s 3 L WkEliPAN ARL! bPURa R H8Ch ot her.

segment have a first trailing edge cooling configuration and said vanes of said

replacement castings have a modified trailing edge cooling configuration.

27. A method of repairing a turbine nozzle segment having at least one vane

disposed between outer and inner bands, said method comprising:
separating said 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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