11 MAY 2004 TURBI NE NOZZLE SEGVENT AND METHOD OF REPAI RI NG SAME BACKGROUND

OF THE I NVENTION This invention relates generally to the 3egamr of . gas
turbine engines and nore particularly to the repair of tarbi é“ﬁ(f&lp

segnents used i ﬁ\?ﬁ ngines. A gas turbine engine includes a conpressor
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circumference thereof with each nozzle segment having one or more nozzle vanes
disposed between inner and outer bands that define the radial flowpath boundaries for

the hot combustion gases flowing through the nozzle.

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
superalioys and are often coated with corrosion and/or heat resistant materials.
Furthermore, nozzle segments are ordinarily cooled internally with cooling air
extracted from the compressor to prolong service life. Even with such efforts, portions
of the nozzle segments, particularly the vanes, can become cracked, corroded, and
otherwise damaged such that the nozzle segments must be either repatred or replaced
to maintain safe, efficient engine operation. Because nozzle segments are complex in
design, are made of relatively expensive materials, and are expensive to manufacture, it

is generally more desirable to repair them if possible.



| 11 May 2004 Existing repair processes include techniques such as crack
repair and di nensional restoration of airfoil surfaces. Mﬁ¥ﬁ& %ﬁ@g
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similarly salvaged from another damaged segment. While this technique salvages
repairable vanes that would otherwise be scrapped, the service life of the repaired
nozzle segment is not prolonged very long because it contains used vanes that are
limited in the number of future repairs that can be made. Furthermore, this technique is
viable only as long as suitably complementary salvaged vanes are available to
combine.

Accordingly, there is a need for a method of repairing turbine nozzle segments in
which repairable vanes are salvaged in such a manner that the service life of the
nozzle segment is greatly enhanced.

BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a method of repairing a turbine
nozzle segment having at least two vanes disposed between outer and inner bands is
provided, the method comprises the steps of: separating said nozzle segment into a

first singlet containing one of said vanes and a second singlet containing another one



nozzl e segnent having at |east two vanes di sposed between outer and inner

bands is provided, the nmethod conprises the steps of: separat%gg éﬁ@?
nozzl e segnment into a first singlet containing one of said v y a

second singlet containing another one 2 11 May 2004 of said vanes; and
joining said first singlet to a newy manufactured singlet having a
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of sai d nozsurtaceeteter. said first section being previously used and said
second section being newy manufactured.

According to a third aspect of the present invention, a turbine nozzle segment is

provided, the turbine nozzle segment comprising: an outer band; an inner band; and

first and second vanes disposed between said outer and inner bands, wherein said first

vane and contiguous portions of said outer and inner bands define a first section of

said nozzle segment and said second vane and respectively contiguous portions of

said outer and inner bands define a second section of said nozzle segment, said first

section being previously used and said second section being newly manufactured.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is particularly pointed out and

distinctly claimed in the concluding part of the specification. The invention, however,



The present invention and its advantages over the prior art will becone
apparent upon reading the follow ng detail ed description andgtcge %B@nded
claims with reference to the acconpanying draw ngs. BRI EF DESCHEP OF
THE DRAW NGS The subject matter which is regarded as the invention is
particul arl I leSEI | e L. udi t of
Phe speci 1112y B oStyihet oy RSB e TOIBMR g dbb, ERET W Eri et
under st ood Wih thefascempanying drawingdigumsiimghdscri ption taken in conjunction
wi th the accompanying drawing figures in which: Figure 1 is a perspective
view of a turbine nozzle segnent in need of repair. Figure 2 is a

per spect i veFigurevt iefa pengpectiveoviens oha turbiae swgrie segroéntin gaedoflrepbit.er t he two
vanes have been separated. Figure 3 is a perspective view of a new nozzle
singlet used in the repair nmethod of the present invention. Figure 4 is a
per spect i veFigure\@ isfa pérepedliveiview ofdbe fiebwmegrerie sefmentolr igdreaf after the wig
repaired by, present invention. Figure 5 is a diagram
show ng onevatrngpg)(glggé E%%e%pfaré&%q the present invention. DETAILED DESCRI PTI ON
OF THE I NVENTI ON Referring to the drawi ngs wherein identical reference
nuneral s d : : 0, ' A Fi el
shows a ture@gr]]rg %}l%%zﬁezgﬂgegaﬁ%ﬁgﬁ %g% i?g{/r?ér%gf%%%ﬂ%ﬁgﬁgh%g’%%hg’zz Og A\}cﬁé;as 12
and 14. Thepresgrdénveatiomd 14 are di sposed between an arcuate outer band 16
and an arcuate inner band 18. The vanes 12 and 14 3a | 1 MAY 2004 define

airfoils configured so as to optinally direct the conbustion gases to a
t ur bi ne Figure 4 is a perspective view of the turbine nozzle segment of Figure 1 after being

repaired by the method of the present invention.

Figure 5 is a diagram showing one repair schedule of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring 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 and 14. The vanes 12 and 14 are disposed
between an arcuate outer band 16 and an arcuate inner band 18. The vanes 12 and
14
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rotor (not shown) |ocated downstreamthereof. The outer and inner bands 16
and 18 define the outer and inner radial boundaries, j,respecti , of the
gas flow through the nozzle segnent 10. The vanes 121aﬁdﬁ@¥ dﬁﬁ}érably
have a plurality of conventional cooling holes 20 and trailing edge slots
22 formed tdefpepnfoilygenfgired eo gegmeptimally dirct freefambuiblign gasde tofz rtingh

quality su Il oy h cobal t i-ckel - based . .superal | may
be coated \F/}VIS{(ﬁ de]lgtc%]ro ?@g il%(%&:rd ZdSOIWS sgr%atm ﬂn%e{ ‘gbrf i Igl% eaorll%f (;eap d t[rﬁ]gfﬁﬁqu aa}nrdlaié%j
coating. A dgfise ther hiterearsinigheraradial Boundarissdespecrilaly, adfithy gof flswahrosgnent s 10
arranged circunferentially in annul ar confjiguration. V\ﬁi.l e the repair

met hods of MOREE spemeEl | Teranesn2 apd lddusieraslydhaye Aaplvraliiv of servpalianat o a

two-vane nQggligy REEIRHLN itxrailiggg%’é Qon@%zlrf%{?&mh%ﬁ‘eﬂ..tﬁﬁéanaﬁ?e RIARANG0 is

invention is edually app?l ca 0 nozzle segnents Vi ng re than two
vanes. Dur ipagfershlyi madepef at high, quahy maerdlleysegeens d @obah @xpekélénsal danage
such as m ght esult, fromlocal stream over.-tenperat ure, or forejgn

obj ects i HB?rPki%}”t%gr@%. © %a?%%zﬁtﬁoq‘egarr%%é?mﬁarﬁo tegl aipd/ P’héhfi%‘f]lzl e
segnent 10 vapjerheeon®e depagestbine dngRe Willl iRtluddhargudalityCanaeh RemesRaio ed by
known repair processes. The present invention is directed to a nmethod of
repairing &masged eraaymspallyninapnder enndgertiome Whilsetbe repaameetheds jof the
non-repair LL&; . 0 S: ' | e,..B t he
first vand g Bhafichif Selehel Rargn ik SRBLAAD FryYarodle FATRLE. nd
is thus a rsbpdirablrecognieé. thith¢hes posad inaereiohdisi squalipvapplicatié gor gozkleas
havi ng extensive gan’[ﬁée sutglh that it is non-repairable. However, it should
be under st SBRMEHAPEHRDSFELBNYE WMt i on  woul d be equal Iy applicable to a
nozzl e segnent in which the first vane 12 was non- repairable vane and the

second van@®ukthgagink @ipeiatiok! e ndhie %ﬁﬁﬁmo LAVERLIaRe id_ﬂn%%@ﬁﬁ:haas flﬁ%ﬂod of
repairing the nozzle segnent 10 in ich the non-repairable vane I4 and
sone adj oi MEWY EenUeeal s stream cpyerteaPeraivrn o fResigry obinets ihaectingattiersant i ng.

The, et o AGLISERS SR Ok L SR REREI PR BRB e e
bands 16 ampdint 8heikhitisanriohbe sapgirehby kibwisrepeip radesds.i The pfesétinntos écond

directed to a method of repairing a nozzje segment in which one of the vanes 12 and

14 1s non-repairable while the other vane is repairable. By way of example, the first

vane 12 is shown in Figure 1 as having relatively minor damage and is thus a repairable

vane. The second vane 14 is shown in Figure 1 as having extensive damage such that

it is non-repairable. However, it should be understood that the present invention

would be equally applicable to a nozzle segment in which the first vane 12 was non-

repairable vane and the second vane 14 was repairable.

The present invention includes a method of repairing the nozzle segment 10 in which
the non-repairable vane 14 and some adjoining structure are replaced with a newly
manufactured casting. The method includes the principle steps of separating the
repairable vane 12 from the non-repairable vane 14 by cutting along the outer and
inner bands 16 and 18. Thus, the segment 10 is separated into first and second
sections or "singlets" 24 and 26 (see Figure 2). As used herein, the term "singlet"
refers to the assembly of a single vane disposed between a contiguous portion of the

outer band 16 and a contiguous portion of the inner band 18. The first singlet 24
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sections or "singlets" 24 and 26 (see Figure 2). As used herein, the term
"singlet" refers to the assenbly of a single vane di sposed between a
contiguous portion of the outer band 16 and a contig og%w tZGﬁ#of t he

i nner band 18. The first singlet 24 4 1 1 NMAY 2004 cont ai he repairable
vane 12 andcimainhike sephirejeabhe 2and ishbus sdvedade.ngldetheomconb ingich36t he
non-repaira

hle . dis th | b | . Sj ng|
241 & SubscHUBRY G bR ebrVeEns A8 BtREERgh Bereblen M ORERRI Y, T

sane confi g4riatsubstqaentlyhpinedsel vageap| amitnglred sitgles @8ashat chas ethellshmen a
repai red nozzle segnment. As seen in Figure 3, the new singlet 28 includes
a vane 30 drefiEsEtioBeaswienunsalyeggabientinglaingd® Wakilipsestit st 3PARE M9azleThe

left edges ¢ eri.eA@geénQnEg%% ?,3%23 5‘%‘5 s&‘@?et zﬁlfﬁﬂdeé‘!a%{mé;ﬂ?ﬁ/ibs G4 bBRYdehoNns 32

and 34 define joining sur es respective e specifically,
the repair opetehedt infiert ad poesmnt32iand 8t iThe léfhedges € vdewddninthigire 3} efthef

I nspecting used ngzzle segpents to _identi ch.segnents 10 .that ye one
vane that . DRIEF g gt SAnCPOBEaR dihe A KBTS JORGE. PURSFT A0 8 e o
sui tabl e segnpaivdl). 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
techni que, Mpsp seesifigeily, the eepeir mithachelthe arespritipeention mchuges pn wal giep pf
conbi nati on; ' 0y ' laRe &
segnment 10 wg e&ggrﬁﬁéeqeﬁq%gﬁég%? g%?&gt@e%gh rSéeﬁéggs,u P‘ih@é@ﬁﬁ‘ﬁ% \}r?ag h}?ﬁi ng
and repair prepasblsandeanotliendanethde fsoraratpaimablanddnce suduitablt segrsemti®Hiang

bet ween t he, bands and.18 .of the a). vageabl e singl e 4 and the

cor f espona RETodPatedng FAErb,SHEPERE PG PR0E AT (P ARECHBRAS gl e
28. Stress ﬂﬁc}mﬁfreaﬁxm%aﬁl%? Pk e rBseA)Y THO QMRin S BMHAG al 4G bedSripped
subj ecting the nozzle segnent 10 tdo a relatively hi ?h tenperature and a

control | ed ugngerypetablerteghniqief isuchentt st blastinghehemusal bethepandsthedikeeparat e
the repair a?clargbi\ﬁgtpoen c])f2 su]::,trl ?e%iﬁﬁesr.loﬂf ga%ﬂﬁ)'nf ?&&cﬁlal\/ﬁ%ﬁse%z}n the segment 10 may

be relieved. Without stress relief, subsequent machining and repair processes may
induce deformation and resultant mismatching between the bands 16 and 18 of the
salvageable singlet 24 and the corresponding outer and inner band portions 32 and 34
of the new singlet 28. Stress relief may be accomplished in any known manner such as
subjecting the nozzle segment 10 to a relatively high temperature and a controlled

pressure for a sufficient time.

The next step is to separate the repairable vane 12 from the non-repairable vane 14.
The vane separation could be done prior to stripping the coating material and relieving
residual stresses. However, it is preferred that the stress relief step be carried out prior
to separation. This is because relieving the stress with the segment 10 in one piece
holds the bands 16 and 18 at near print dimensions without additional fixturing.
Maintaining the band dimensions facilitates the subsequent joining of the new singlet

28 to the salvageable singlet 24.

Separation is accomplished by cutting the outer and inner bands 16 and 18 in two

along substantially axial cuts located between the two vanes 12 and 14. The cutting
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The vane separation could be done prior to stripping the coating materi al

and relieving residual stresses. However, it is preferred that the stress

relief step be carried out prior to separation. This 44 MA&{UQBU%I i evi ng

the stress with the segnment 10 in one piece holds the bands 16 and 18 at

near print cdn rbsrum’rfmmedvibbfmutcoadditibhdnmhaxﬁisxxtlturais rg. abrddlentrtiing vehether band

di nensi ons t.ates the subseq 0| ni of the new singlet., 28 to the
i eodesorpr #
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between the two vanes 12 and 14. The cutting 5 04 can Dbe perforned
by any conwémt i dndis sewnsn Eiggre asthaguapriisesvef tbcmtluengnd!\,imer band patient ri cal

di schar ge C ion .y tin sal va et .24 retains the
porti ong 01% t gnlgu {in é‘g gmgnn}ef"l"ceﬁg‘ﬂ&ggg‘% giere %ﬁai'h%?t ‘é’ﬂgé%@ﬁ?ngtﬁgff o the
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In phantomlines in ure are nmade c oser to e non-repai F ab vane
14 than thealwwrablcabigbtaana‘hmzﬂswsﬁxmmhﬂneg\oét}m(mdmbm 16aindriBal on the
sal vageabl e singlet 24. Thi s aI lows for nachini ng of the band portions 16

and 18. Aft er§§ aration, sa e%éa e sin t t 26, taini t he
non-repaira he et q%%ﬂag CORfAN Nt ?nQthEFpF'r'i ¥ VHUnd Por ti ons
16 and 18 @di‘raplb‘dﬂ aad %@g@ﬁal @dslhﬂé}'lﬁhd p&‘ho%éQ6%6h'8r@ﬂth‘é%awagéab¥ehﬁn 1& ni ng
surfaces 40 and 42 will dimensionally match the joining surfaces 36 and 38

of the new?8idgmechingd squehanithy iogirg S‘{ff?éef) 69 and g2 swillfdimensiarplly anaichithea| so
assures th?élmhggu,@@aagse%a B@Ia?tmemﬁlé A7 %g&g@&%bﬁh@ &ﬁ%ﬁgd&&% gwhen

the sal vageabl e singlet 24 and the new single ogether, the
spaci ng bendd2nalspreesures gt tharbend oaiods ﬂﬁanwaﬁmreﬁr@feriy Reetew thdtngheat 28

| ow,ar i n f th I nt 1
meets gas {heosal\?ag%aﬁ)le n%l’jet n‘gndt aleoneu;[ sggl%?ég aere ?gl craTcF tégether the spacing
between the first vane 12 and the vane 30 of the new singlet 28 meets gas flow area

requirements of the nozzle segment 10.

The next step prior to joining the two singlets 24 and 28 is to carry out an initial repair
of the repairable vane 12 using known repairs such as alloy brazing, welding and the
like. The purpose of the initial repair step is to fix relatively minor damage such as

small cracks in the repairable vane 12.

The new singlet 28 is preferably manufactured by a casting and machining process that
is similar to that used for making conventional nozzle segments, except, of course, the
new singlet 28 contains the single vane 30. Prior to being joined to the salvageable
singlet 24, the new singlet 28 is preliminarily machined to remove excess stock
material. Furthermore, the new singlet 28 is preliminarily machined to an in-process
shape that is slightly larger than the design shape of the unsalvageable singlet 26. This

in-process shape assures a smooth interface between the two singlets after joining and

final machining.



The next step prior to joining the two singlets 24 and 28 is to carry out
an initial repair "of the repairable vane 12 using known rﬁpfi rafﬂglgs
all oy brazing, welding and the 1like. The purpose of the iARi iM '

step is to fix relatively mnor danage such as small cracks in the
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t he unsal vageabl e single ess shape assures

i nterface beldweor diffesiomoorsfinggl ets after joining and final machining. 6 11
MAY 2004 Once the singlets 24 and 28 have been prepared, they are joined

t oget her ure 4, to res rrent 10. .The two

singlets Zi‘sgﬂ%p’!%gerre?ee"fb fiaght D e TEE ;?%Hﬁﬁag’“ﬁge%ﬁé’“} PG Saff4ces 40

and 42 of thenesalvigadiiglai 0lebroddcd O rdsted ﬁ@izl@&gmaﬂﬂ N9 tHaPirdthing iigur f aces
36 and 38 of the new singlet 28. Bondi ng acconplished in a

convent i on&figinglhmateripl propertissi t Howevesy tSbé%@KfanBﬂeﬂﬂﬂﬁedgerﬂ?@zmwm thene¢wi ng or
di ff f ' t,28
i ffusion Qﬁglgf 8935 f2BrQR& ﬁl & £l fl%pen?ﬁﬁﬁeq{a Eferaﬁgbﬁneﬁ}gyﬁglgg&geeélﬂal%cgd or oduce

fabricated esarremaerla vage
a rest or edmmtzizl prcrpegmntlt kOoftdmathercataitas dutisg tier segvicalifen®it € ghaturbine
properties, kowever, not her preferred enbodi ment, the new si ngI et 28

i s fabricaf®&"% ?Od?ﬂoae*aﬁ PelpShioZHE RMaNt, Impray et allgys suitabls forgysevith sigh |
enhanced p&hfsetls 26ARGELH&ES - T|r5d1h§na‘9§/ @rEFlﬂeh@p&Qt%?s %ﬁfd e ﬂ%gretplh% Service

life of a gas turbine englne conponen as a nozzle segnent, nproved
al | oys sui eHPIng eanpansatswivith newe homp@tepbn&htlsat@d &odevie oppdvedr laleh@br toonal |y,

engi ne operahiy ﬁxe%&n‘ge@% ?enaPprop%mes However, by fabricating the new singlet 28

from the improved alloy, the repaired nozzle segment 10 will obtain, in part, the
enhanced material properties. In addition, in a subsequent repair to the nozzle segment
10 using the method of the present invention, the repairable vane 12 may become non-
repairable. In this case, replacing the unsalvageable portion of the segment 10 with
another new singlet fabricated from the improved alloy would result in the entire
segment 10 having the enhanced material properties without the cost of purchasing an

entire replacement part.

After joining the two singlets 24 and 28 together, a restored nozzle segment 10 having
a previously used section (corresponding to the salvageable singlet 24) and a newly
manufactured section (corresponding to the new singlet 28) exists. The nekt step is to
complete the repair of the repairable vane 12 and adjoining structure. While the initial
repair step described above repaired relatively minor damage, more extensive
repairable damage, such as large cracks and worn surfaces, will need to be repaired.
Such additional repair may be accomplished using a standard alloy build up technique.
Generally, this entails covering the nozzle segment 10 with a suitable alloy powder or

paste and then heating the segment 10 to diffusion bond the added alioy thereto.
7



exi sting conmponents with new conponents fabricated fromthe inproved all oy
to realize the enhanced material properties. However, by f ?r%i 2@ &he
new singlet 28 fromthe inproved alloy, the repaired nozzl Q

will obtain, in part, the enhanced nmaterial properties. In addition, in a
subsequent Afieparidst g ﬁ@tlfﬁofzegfr@ntségnﬁmudlrmﬂtﬁs Pﬁgl)/t menufaqthied tﬁCU@lheISpr esent
I nventi on, I 12 0 n- pairabl e, hIS case,
repl aci ng Fﬁgﬁﬂ%(gg?vlg%teaagg'yasﬂgrt [ oﬁnra%{m{n%emge%% ?U' 0'Ri Qrﬁcesgn%r[zih nalnew
singl et fahtachiaingchffer ol fvihesingiprs@4eshdadd Byvevieonh fbinedsdskires that he seepsi dre
segnent 10 haV| ng.t he enhanced material properties wthout the cost of

pur chasi ng dBRONTENHES XISt St dBe MiATassapk thefpyepinglgisni hestynany werepiRRIXt s 24
and 28 togetdrghi K r Y i ously used
section (cgiéfeép%oﬁgi%s[h?o@%ﬁgg ﬁ}i\@ag%gb eltezsll?ﬂr?l]éa{?%é% angﬁlge\f'nevm y

manuf act ured section (corresponding to the new singlet 28) exists. The next
step is toASG@ﬁtﬁﬂb@ﬂ@me theeqsaiir nothadhef thepsﬁscrabm\@nﬁ@meelimszoaMpgdjomicrﬂ ng

structure. he jnitial. repair step de ve repaired

el a1 vel y “ehBF Al et B iweb P eiremSh S Mp iR et Gt BB A B ar ge
cracks andrepirible vaieaChsth thislabpideet dnfy degmempdeteRtined @Jmeaélsiiufablérhanh repair
may be acconplished using a standard alloy build up technique. Cenerally,
this entai ngn-émalpkﬁqavwewwdéﬂeesulyégtn@n@e TeP4H mﬁhadp @ﬁrheameaenaum@ptl%mmr or
past e and f: I oy

t her et o. Wﬂ%&aﬂ@&% {Zhg rteBE ?@m%@% Pﬁg&gﬁéﬁg&gga%g%e El](g"d%?%g%tfgl ng the
new y nanuﬁd@duﬂaédbasectﬁoorexamﬂle hgord fisbowo ong SGl‘déiSlB dor shsywevanPardzeleni ng

the alloy build d f fter th i nglets 24
an 28 havecanh T oRiediReSete e [BlarndRaeulo"th & rorbcominaveR g o "o

the interf asigg @fe hétBod WescHbaDARNVE. WiARtInY podiible SAEHRS iOdksEribed! RShBTU
coatings that were originally used are reapplied in a known manner. As

descri bed B®agted ﬂﬁﬁé’ﬁ%é@@“h&@%@lb@ﬂtﬂt?ﬁé apwelent invention relies on
i nspection of wused nozzle segnents to identify segnents that have a

repairabl epyag,@nd fle MADsle segment 10 is represented schematically at various times

throughout its service life. In each instance, the left half of the block represents one
singlet and the right half of the block represents the other singlet. The leftmost
depiction in the Figure represents the segment when it is a new part. Thus, each
singlet is new as denoted by the N's. The next depiction is the segment at the time of
its first repair. Here, assuming that neither vane has been abnormally damaged, each
singlet undergoes conventional repairs. Thus, each singlet has been repaired once, as
denoted by the R1's. The next depiction is the segment at the time of its second repair.
This time the singlet that is in the worse shape is separated from the other singlet and
.replaced with a newly manufactured singlet using the steps described above, which
includes standard repair to the other singlet. Thus, one singlet is new (denoted by the
N), and the other singlet has been repaired twice (denoted by the R2). The next
depiction is the segment at the time of its third repair. This time the singlet that was
not replaced at the second repair is replaced with a newly manufactured singlet and the
other singlet undergoes standard repair. Thus, one singlet is new (denoted by the N)
and the other singlet has been repaired once (denoted by the R1). The last depiction is

the segment at the time of its fourth repair. Here, the singlet that was not. replaced at
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repairabl e vane. Wth this approach, only segments determined to have
repai rable and non-repairable vanes woul d be subject to t i t hod
of the present invention. Alternatively, the repair nethaﬁﬁohﬁgﬁgﬁngsent
invention could be conducted on a schedul ed basis. For exanple, Figure 5
shows one stieediut gepar isareplaved anth nozalyemamdeptenet singlaptaind Hhe lnthey aimggdet ar e
regularly replaced with .a newy manufactured singlet,. usi t he . met.hod
desor | bed DRSS PedTePEs bty B SRR BeFOfhelid b e ERCHEGE®  be
noted that ghfier hatees veired @utel(dRAotet ity itAe ® 1aS PasthIherd, Rhd-begdefeedwoiibe
nozzl e segnment 10 is represented schematically at various tines throughout
its servi cecontinge sych thaidiew i¢slesereant singlet wepld afjginptedfor gide k9 8E& r epr esent s
one singlet and the right half of the block represents the other singlet.
The | ef t nos I GLd kL j : hhni S a
new part . Thi Uroadd B AQpheeR, LnglbE oF CRETEN, RrbRE paeR R R b

depi cti on i shetsheicedderefitheainzzlasegmeane isqireatiytemhfincedt Wielsapecifitdenkodimsstsni ng

t hat neit her_yane has been abnoy nal amge each singl et updergoes
Coaventi onabt B BEeRa: inynaen hary hereidstar ety e bae rrmess 1] Hhesh et ne
denoted by fhendr vagiousd %dﬂ%’ﬁﬁor@ﬁﬂérﬁéw 9«{1‘1 beS a8 WIS M padtingt EmImERpRE 1 tS

second repair. This tine the singlet that is in the worse shape is

separ at ed fawshicopeobthhdrvestionyasedefigediin thepppeodetl dfimy. a new y manuf act ur ed
singlet using the steps descri bed above, which includes standard repair to
the other singlet, Thus, one singlet is new (denoted by the N), and the
ot her singlet has been repaired tw ce (denoted by the 112). The next
depiction is the segnment at the tine of its third repair. This tinme the
singlet that was not replaced at the second repair is replaced with a
new y manufactured singlet and the other singlet undergoes standard
repair. Thus, one singlet is new (denoted by the N) and the other singlet
has been repaired once (denoted by the RI). The last depiction is the
segnent at the tinme of its fourth repair. Here, the singlet that was not.
replaced at 8 11 MAY 2004 the third repair is replaced with a newy

manuf actured singlet and the ot her singlet



undergoes standard repair. Thus, one singlet is new (denoted by the and
the other singlet has been repaired once (denoted by the Rl) &% @Eu re,

t he sequence would continue such that new repl acenent singl el Waurd
alternate fromside to side. The foregoing has described a nethod of

repairing adiu Sqe nozzl e segnent in which the service l[ife of the nozzle
segnent is / enhanced. Wile specific enbodinments of the present

i nvention have been described, it will be apparent to those skilled in the

art that vati ousAnReithibd a8 Pasaifing £t RIrsiAR hszﬂ@dgegmbhputhaﬂﬂ@réti fhsk " OM
the spirit and scope of the invention as defined in the apperided clains. 9

11 May 2004W@_A|m651 A digpoasd ofbetepenri egter t @ndi nénneszz bandegmevaid
havi ng at d d between outer and inner bands, said
fHod é@’éﬁgﬁ@ﬁ'@& SpBS 3L . . :

met hod corrp sing parating said nozzle segrrent into a first
singlet containin ont ai ni ngf

id d.a
anot her one of s¥ ﬁ%?a'(@ﬁaﬂlfgg$%srﬂ%1 alm? Sfﬁggsgﬁgﬁ%l %n'ggn%r\ﬁ

nmanuf act ur edaiglivilest ahiddi s2goad siryiéti Bontalnivg ahbifer bhie f Bhidafarie®; 8ad:d second
singlet. 2. The nethod of claim I, wherein said step of separating said

nozzle segnent IPKHRE rSaidfirshaingletonte 3i Rgwin g‘ﬁfb&ﬁiﬂﬁm@é’s sthgleti ngaweg & out er
banq and sakz‘gnfq}ngg rp?r{?ﬂié Qrﬁiﬁﬁpt(p%llﬁes%%oﬁ&' ﬂ"gﬂéﬁo vanes. 3. The net hod of

claim1 or er conprising the step of repairing damage in said
first singlet. 4. The nethod of claim1l1, 2 or 3, wherein sone damage in

said first ,sin |sr prior to joi sadflrtsinlet o said
newl y manufact ghé%l raethg e?# E’(‘f“ ﬁ'ﬁg%a'a tg ﬁ?P%’ia 80 gl t“‘?7s'ZE
repaired sségeﬁémennhw tiRst Qrd %c&ﬂdd siidléts SidaghRisek0 chfting @M Youter

manuf act ur ed si ngl et
band and said inner band in two between said two vanes.

3. The method of claim 1 or 2, further comprising the step of repairing
damage in said first singlet.

4. The method of claim 1, 2 or 3, wherein some damage in said first
singlet is repaired prior to joining said first singlet to said newly
manufactured singlet and some damage in said first singlet is repaired

subsequently to joining said first singlet to said newly manufactured singlet

5. The method of any one of the preceding claims, wherein said newly
manufactured singlet has an in-process shape that is larger than said
second singlet.

6. The method of any one of the preceding claims, further comprising
the step of applying an alloy build up to said nozzle segment, subsequently
to joining said first singlet to said newly manufactured singlet.
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5. The method of any one of the preceding clains, wherein said newy

manuf actured singlet has an in-process shape that is |arger tPﬂ& s%ig
second singlet. 6. The nethod of any one of the preceding cla ay QP% her
conprising the step of applying an alloy build up to said nozzle segnent,
subsequent | to joining said first singlet to said newy manufactured
singlet. 10711 A/Ebezamhon ofhelairas Had fwthes| edmprisingf the Istep cafmpnachiniog t he

step of machj.ni i S t o i i ape,subsequently to
appl yi ng sardianizs SRRt i s BeNER e tealis ity 1o e St Elly
cl ai ms, whepgildwup.aid newy manufactured singlet is fabricated fromthe
sane material as said singlet 9. The nmethod of any one of the preceding

clainms, wherein the newy nmanufactured singlet is fabricated froma
material that ha d erd al p ' ] e N Ho¥

material t hg't sa?ggp? réfs?%ﬁs?)fng gt&?% Ofl‘q Qgrﬁr(r:eg{a g@'g}l\qr:%&ng’lﬁﬁs%% ér%éci %&V I%f any
one of the magcEditugpde Bbugiat, isf tatiricated drgon | thengamee peatatialngs ssaid $inglst
singlet fromsaid newy manufactured singlet; and joining said newy

manuf actured singlet to another newWy manufactured singlet having a
configuration that is simlar to said first singlet. 11. A nethod of
repairing a turbine nozzle segment having a repairable vane and a
non-repai radl e vihe Meiedset anyt aperofatie pseceding elaimen dvherdinathie mewly nner

orngl et i nolT BTt GRER SR 15 CBapHeaRi, dromd " it P dm RO R
first joini materialf popestics avithe gespedtnterthebamateHaV ithagt aakedsd simlet ng

surface; b ricated from.

10. The method of any one of the preceding claims, further comprising
separating said first singlet from said newly manufactured singlet; and

joining said newly manufactured singlet to another newly manufactured
singlet having a configuration that is similar to said first singlet.

11. A method of repairing a turbine nozzle segment having a
repairable vane and a non-repairable vane disposed between a first
outer band and a first inner band, said method comprising the steps of:

providing a newly manufactured singlet including a vane disposed
between a second inner band having a first joining surface and a second inner
band having a second joining surface;

cutting said first outer and said first inner band of said nozzle segment
in two between said two vanes so as to separate said nozzle segment into a first
singlet containing said repairable vane and a second singlet containing said non-
repairable vane, wherein said first singlet includes a third joining surface on said
first outer band and a fourth joining surface on said first inner band;

repairing damage in said first singlet; and

11



cutting said first outer and said first inner band of said nozzle segnent
in two between said two vanes so as to separate said nozzle S,Fﬂ n%obgto a
first singlet containing said repairable vane and a second s @I%ES

contai ning said non- repairable vane, wherein said first singlet includes a
third joining surface on said first outer band and a fourth joinin

surface on said joinieg saithérstisinglet o paidr newylydeanytactured ssiaglet byt bending et ;

gl et by BUtRtahE AT Rib Sulfabeh it and Sabideol in BRALBRG i o
second and kodfatds jogjettiery surfaces together. 12. The nethod of claim 11,

wherein said newly manufactured singlet has an in-process shape that is
| arger than said second singlet. 13. The method of claim 11 or 12, further

conprising {pe stgp ﬁhfeéhcﬁpﬁifyagﬁna*i‘mgwlr@feih%bﬂ YR r\ﬁ?b&‘fa@ﬂﬁ%b g?iﬁgggent’

subsequently to joinin sald first et to sard ne manuf a

si ngl et. 14 haSten imgproodsoshapeathat iSlardenthhe saiwbsguong sigglehe st ep of

machi ning said nozzle segnent to its design shape subsequently to applying
said alloy build up. 15. The nethod of any one of claim 1l to 14, wherein

sai d newy 13anufBét HietRodi 80! @aim S11 abF i ¢At edrthéonadrierigiRgetHBtfepabr as
said first singlet. 16. The nethod of any one of the preceding clains 11 to
15, wher ei niaPRIgiNg aRwlipYnBwid 4t o s@idinegelet segmeabr subaeadently o doimner i al

that has e ; I &l ' i d ct to the material that
said first %ﬁgﬁ%&@éﬂ%ﬁ'? @%ﬁ'@gﬁ%@%‘c\fq@ﬂ %ﬁtégﬁet hod of any one of the
preceding clainms 11 to 16, further conprising the steps of machining said
third and f‘?X.rt hTi\é)IrrTltle ds%q‘fé}gﬁr? 13, further comprising the step of machining

said nozzle segment to its design shape subsequently to applying said alloy

build up.

15. The method of any one of claim 11 to 14, wherein said newly
manufactured singlet is fabricated from the same material as said first singlet.

16. The method of any one of the preceding claims 11 to 15, wherein
said newly manufactured singlet is fabricated from a material that has
enhanced material properties with respect to the material that said first singlet
is fabricated from.

17. The method of any one of the preceding claims 11 to 16, further
comprising the steps of machining said third and fourth joining surfaces
prior to joining said first singlet to said newly manufactured singlet.

18.  The method of any one of the preceding claims 11 to17, further
comprising the steps of separating said first singlet from said newly
manufactured singlet; and

joining said newly manufactured singlet o another newly

manufactured singlet having a configuration that is similar to said first singiet.
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prior to joining said first singlet to said newy manufactured singlet. 18.
The nmet hod of any one of the preceding clains 11 to 17, furtrr;ﬁ'] cgﬁ@ii si ng
the steps of separating said first singlet fromsaid newy Vi ed
singlet; and joining said newy nmanufactured singlet to another newy

manuf actured singlet having a configuration that is simlar to said first
singlet. 12 11 May 2004 19. A turbine nozzle segnent conprising: an outer

band; an in{)%:]dbg 'ir?engo{flégégrﬂlgﬂts?:Sﬁ'@ﬁiginéanes di sposed between said outer

and i nner S, erein s hd contiguous portions of said
outer and inner bandsndefdrhand: first section of said nozzle segnent and
said second vane and respectively contiguous portions of said outer and
i nner bands define aagéﬁﬁ%ﬁ¥3996?%6n of said nozzle segnent, said first

section being previogs} )énfl%"ééoﬁﬂ%a%%%ddg‘ﬁgggn@%%é'n?%af&ebﬁ'l%rgﬁx}ﬁ: ner

manuf actured. 20. The nozzle segnent of ereln sal rst and
second sechénds whercimisaid fitst dvaneo nand eostigeousperticads. of saidTheatencard e

f claim.l 0 in. said second iop is,fabyi f
S onteri ol fnBt Brads el adel Seticiopsdfintiie S8hnent ade sl pectmE O™
mat eri al t hgdnes afldf idspbethrdy icontigSolis poriciiscdf lseRIMoutst- ar(i;c]ic litkidH Bandwzzl e

segnent whose_ nanufacture or repalir includes the nethod any one of
claims 1 todeffne 23 segond;Sechen mfzsaid npele sramenictsaid fisst peglign bieing udes

the method QiYW 8 Shd Shidf SEtohd!ctiBn bbihg newly manufactured.

20.  The nozzle segment of claim 19, wherein said first and second

sections are fabricated from the same material.
21. The nozzle segment of claim 19 or 20, wherein said second
section is fabricated from a material that has enhanced material properties with

respect to the material that said first section is fabricated from.

22. A turbine nozzle segment whose manufacture or repair
includes the method of any one of claims 1 to 18.

23. A turbine nozzle whose manufacture or repair includes the method
of any one of claims 1 to 18.
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11 MAY 2004 TURBI NE NOZZLE SEGMVENT AND METHOD OF REPAI RI NG SAME ABSTRACT

OF THE DI SCLOSURE A nethod for repairing a turbine noz avi ng
at | east two vanes di sposed between outer and inner baﬁig mz&ggt he

steps of separatj le seagnment into a first singlet containing a
repairabl e vaniwﬁ%@ﬁ‘@?%ﬁﬁ %Q@%&TWWH@DQRBEPAWM{E vane, and
joining the first singlet to a newy manufactured singlet having a
conf i gur at i ABSTRACT GF IHE b#cLosuRe second singlet. Fig 5 14

A method for repairing a turbine nozzle segment having at least two vanes disposed
between outer and inner bands includes the steps of separating the nozzle segment into
a first singlet containing a repairable vane and a second singlet containing a non-
repairable vane, and joining the first singlet to a newly manufactured singlet having a

configuration that is similar to the second singlet.

Fig 5

14



