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
that provides Jﬁé@g E@Z&rﬁ SEGMENT i MEFHROE RERATRINGT SAMEN xed wi ¢ h
fuel and ignited for generating hot conbustion gases. These gases fl ow
downstreamto one or nore turbines that extract energy therefromto power
t he conpressor and provide useful work such as powering an aircraft in
flight. Aircraft engines t I_Ejﬁcal |y include a stationary turbine nozzle

di sposed aBACKGRY OFfTHIR ENYEMIUSNor . The nozzle includes a plurality
of circunferentially spaced apart vanes that channel conbustion gases into

a turbine retor; 0 a t he.nozzl e. Tur bi ne. nozzl es are
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bands that define the radial flowpath boundaries for e hot conbustion

gases rovvi&g atsh{ ?ﬁgh t he nozﬁ e. Nozzle segnments are exposed during
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are typically fabricated from high tenperature co ckel'- d
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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
existing repairs are limted by local distortion and under i1/ I
t hi cknesses, which are exceeded as a result of repeated repair and
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ot herwi se scra € SEervrice nozzl e segnent is
not prol onged very | ong because it contains used vanes that are limted in
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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



first singlet containing one of said vanes and a second singlet containing
anot her one 2 11 May 2004 of said vanes; and joining said firg{ siggbft to
a newy manufactured singlet having a configuration that is

said second singlet. According to second aspect of the present invention, a
met hod of repairing a turbine nozzle segnment having a repairable vane and
a non-r epai phigié vanes: afiddpiingcsaichshweinglehitof 4 newlyonaeufadsared simgletshavingsa
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i nner bands Lgef i ne a fdl rs ect.ion ‘i? r}Oé %ﬁment and sai d second
vane and re¥pchande@pd & r?f’ftééﬂirl‘lgg pyresE ‘P&S?JP énraar &rrepAEng JARRIB Ahds
define a segamﬁrstemgletrnamf jowdngl saidzfirbtesingletmensaid s@ty mandfhctuseicsinglet bei ng
previously used and nd sectjon bei new y. manuf act ur ed. . The
D event 1 SSRGS e GRS BiyEktaGos foaelbrae S FREohe i s ik
appar ent upsurfaceetdethgr.t he follomdng detail ed description and the appended
clainms with reference to the acconpanying draw ngs.

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,



BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter which is regarded as
the invention is particularly pointed out and distinctly cla{'gﬁd iﬁf& he
concludi ng part of the specification. The invention, however, gy 2 4/ 2004
may be best understood by reference to the follow ng description taken in
conj unction | nyJ ) ' Le Whi_chs - F 1 is a
perspecti vem\a}wg\%v%gfg@(%ﬁsﬁ‘gﬁg’ %égé;'gpgé go\é\fagng?\l[ow ﬁ%sghﬂ%wra g%?ifnr Mﬁ"&ﬂ‘%"e 2 1s
a per spect i with theascanpanying drawingdignmszh ehivagnent of Figure 1 after the 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 veFigurevt iofa pengpectiveoviem ofa turbine egrie segroéntin gaedoflrepéit.er bei ng
repaired by the nmethod of the present invention. Figure 5 is a diagram
showi ng one repair schedule of the present invention. DETAI LED DESCRI PTI ON
OF THE | NVERgureN Bef perspendive oiewhal the &wbing nozkle rsegmentieinfigural 1 afédrdne bvee
nuneral s d %%%ghgpeeb?% a?eltg nts throughout the various views, Figure 1
shows a turblné nozzle sébnen' 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 arc inner 18 . Vi i ne
airfoils cﬁ@&&ué’r]'gg‘ %%ﬁgz%g:tl#gwg%;{b ?r?nrfél%ﬁoé r%e%?&?th]uéeg?nt)h&grte ognégggs&?%)é a
tur bi ne ropresertimyentidgrown) | ocat ed downstream t hereof. The outer and inner
bands 16 and 18 define the outer and inner radial boundaries,

respectively, of the gas flow through the nozzle segnent 10. The vanes 12
and 14 pr ef 6gaiel 4 ishaperspegiiveragw tof thef tucing enzile segmestoaf Figgrehbbfier &ngnd

trailing edggsal o snaondifddGidn BRsEhlInvellign 022! € segrent 10 is

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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preferably made of a high quality superalloy, such as a cobalt or

ni ckel - based superalloy, and nay be coated with a corrpsjon resjstant
material and/or therrmal barrier coating. A gas turbi Fle eW¥§§é4l i ncl ude
a plurality of such segnments 10 arranged circunferentially in annular

conf i gur at idgfine pifoile cohégurep ag es teppidaslyolirachthe gmelgistion gasge e iaoturkine

descri bed i ] t.to t Wo- e-hozzle segnen | t d be
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segnent s halefing tirogiget faininhsvaadiangsinddaies) rgpeetigilylcofahe e lON thidighnke z| e
segnent 10 can experience damage such as mght result fromlocal  gas
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therc it oanaafdbs Bt REHE RO NE 2 Ry R R Ehe ARAS Seahital 16 i
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one of the vanes 12 and 4 1is rbﬁn=t51e$ai rable while the .ot her, vane iIs

r epai r abl e SUBY 208y @Q%r]ﬂ?l goatsh, ¥ith; § LPTOYan deySaitsmatehh (ORIl 1 a5
havi ng rel afairiee! dbatihgOrA gasrageimhging Willuscladd aRikaR! 6 sueanRgmig gecond
vane 14 is shown in Figure 1 as having extensive damage such ?hat it is
non- r epai r&Hlaége%mgﬁemil%“)’slﬁ@Hﬂ‘darb‘@“lﬁﬁﬂréﬂ@@-oé?dhlkhtéﬁ repedr wedwdnef ithtvent i on
woul d be eqyally iBl@QrmdnCﬁp ld@g}rfﬂﬁ@ hE\%H‘legh %&g@&ﬂh d Rvgl’oérféhn(}ﬂ@ sfelgl:rn.?-:ht yane 12
was non- reépairable vane and the second vane 14 was repalrabl€: @ present
i nventi on ishcilddes recogaizhddthef thee padsentnigpvédimnnisz zduallg egppiicdblel Qoi fiozatd ch

t he non-repairabl e vane 14 and sone adjoining structure are replaced with a
new y mamf?%?rﬁ?g IRELOfeHaN ¥RV hod i ncl udes the principle steps of

separating the repairable vane 12 fromthe non-repairable vane 14 by

cutting al gnginghgidloperafiod the ABSe RaRRa 1B caANEkpdGencd bSagd ARhSEHIERM 10 is
separated into first and second sections or "singlets" 24 and 26 (see

Fi gure 2). resultyfsen lpeal cap stredra qver-tempsratee e foreigsf ebjscts ampaadingstbetebhy of a

S ol verauhammagt S0 SO SR Tl oL B RO, 15,20
2004 point where it cannot be repaired by known repair processes. The present invention is

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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contains the repairable vane 12 and is thus sal vageable, and the second
singlet 26 contains the non-repairable vane 14 and is thus unsal vageabl e.
The sal vageabl e singlet 24 is subsequently joined tola1 \y factured
singlet 28 that has the same configuration as the unsa abl e singlet 26
so as to reseftein thearepejretile ddnndZzind issbynedvagede sashthiensepprglisiaghst 2fhe new

singlet 28 includes a vane di sposed. bet ween r.and_in
or t1 ons 32° e g PrdBPap R0t AL AT AR Bl 3G BRI o
and i nner bamnds pabicqeasly3@iddio34 ey NRanu@ichired shiglet e thaBthaante 38me

respectively. Mre specifically, the repair nethod of the present invention
i ncl udes ancomigurationsasefheonnsaivaggsbler singjetud@ Fonez i &essli geh fPAIEd | 98Ae fy
such segnen t : V, Ih§ ' Faaane
That i o not At ABneltAEIRREs AR Rel Bhele o8 KRR AN FRRPARGLRBHCHETT | |
shoul d be stuieppetinoér tanyg podatns 3¢ and3dr iTheedeff edgeh (as/iaveoadrioigure 8) of thher nal

resi stant coatings).that y be present, _The coati.ng material, m
CErippod  uOwsG SRy gt (b4BE PeBehn uatd S Hels g RREpPABEPRGS Bkt
baths, and tdigediivkle, or a conbination of such techniques. In addition,
residual stresses in the segnent 10 may be relieved. Wthout stress

relief, subsequent machining and repair processes may _induce deformation
and resul t aMorgisessificelly. ibe reriRaRaihathel thaRepsertanygriion giclides p nith SiEAdabl e

singlet 24 : ' - er ' We) 34

o "the new P 58! RERROREMBRS MRl uch ERerAN ARG vife B
manner suchisaspaisbly @l dnothet enanthay isencs egpainable 1 Mrtce assuiteblatsegraeng 18i kgh
tenperature and ,a controlle pressure.for a sufficient tinme. The next step
o P o Separ b iauTRE i Shagi o HREPDOF PO RE AT Rt hBE SoURNET DY - The
vane separ aftefflalGesistantRRafRRF tHak nfy HeGrédehi. PPhEoANE ntddHal Ry Wistigpell and
relieving residual stresses. However, it is preferred that the stress

relief stepusies eay siitatileoigehniquepsuch o gdpblpsiingophentivdl daths, pkthadiker e pevi ng
e SCr eSS RS SQPER RS, BB Fer R A3eid5, 0tarR ml?
di mensi ons pacelidvedt eFithhie Siebs elidf NHubjeauaitngachinitighend evpasi pgcedses 2yt o t he
sal vageabl ein%iiicr:]eg ldeegom%sztion 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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Separation is acconplished by cutting the outer and inner bands 16 and 18
in two along substantially axial cuts |ocated between the two vanes 12 and
14. The cutting 5 11 MAY 2004 can be performed by any £dn§gAli 308k means
such as an abrasive cutting wheel or electrical discharge machining. After
cutting, tlvendal peafpembll dysinpgloaver?ibnalemednssutines apaatirisbrescafing veheeliber and

I nner bands 16.anpd. 18 that are copntiguous tp the repairable vane 12. As
shown in Fiebeﬁfr Cagjals_{]“‘-lﬁ’_ég%macgiﬂwg'ac‘géero?“ti‘% tgﬁlsgl"a% ¢ st %ﬁﬂalﬁ_ﬁ)r“%ff ons
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joined together wth corresponding joining surfaces n the new
si ngl et 28.vapg & efatphpwnimEigupnidhe guissuriheswt the optearnd mner has! portiBagure 1)
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28. Machi niselgagsablelsmgledRhi Mbissliowatesnatbiningrod ti2baal portass ucasdtiBat t he band
portions 16 and 18 are properly sized so that when the sal vageabl e singl et

24 and the q3ew si.ngl et 28 are-jqined t ther. .t spacin bet ween. t he
first vane "5?#&%?& U‘gﬁlgsa&flég%l? ﬂ@glﬁtg%?g?ﬁﬁ‘m@qg%n "éetpggﬁl%l%"?qeo]\ﬁ’ Brea
requi r emenierapped; Bd fezalter SRIABGbaAE poftils N€Xnd SiBEsh Mk s@fva%éhblé)éiﬁg'lélg_ the
two singlets 24 and 28 is to carry out an initial repair of the repairable
vane 12 usPAdrk Asakingd paithas t%@ﬁv%&mcw%aaéi4ﬁg4fﬂiv£meﬁlwaandn¢tﬁethe| i ke.
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such as s cracks Int vane
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to that used for in onventjgnal nozz] e _segnents, except, of course,
the new s:a’r?gfai‘fagg%h%c?ﬂllgéf ?gé ?We&:‘?iﬁ‘?g"f é‘“&%h@gsﬂ%?'J@PF%F‘)%%hegeiﬂrﬂnglfBG}“ﬂed to
the sal vagb&hieen 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.



singlet 24, the new singlet 28 is preliminarily machined to renove excess
stock material. Furthernore, the new singlet 28 is preli n'lnﬁrl I mg@’%ned
to an in-process shape that is slightly larger than the dés QMAS f
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36 and 38 6PTTEIRENdiBg,IQnivg| wirface 3BendiBRPinty nsw siagletod®| iBanging man be
conventi on y 1.t ab e ' dj r-azi | di ng or
Gi 11 usi on Beainaed BYa RO aioh A bk 350RR Wb bRy BAL B orbBh

f abri cat ed wetdomg ¢rhbffsaomeborsiirer i al as the sal vageabl e singlet 24 to produce
a restored nozzle segnent 10 that retains its original material

properties, However, in.another preferred, enbadinent, the new singlet 28
P abr i calBE Piited MRaRRstE wROEy el JRaF SHGTYS Sema ey AR A
enhanced e@tiRl dablagddblepeidiétest td proldSeedd F@tbréd RoSRSRghiRat 10 izt Rafnb@sser vi ce
life of a gas turbine engine conponent such as a nozzl e segnent, inproved

al | oys sui PHSN materials propertiss.s udawevasnioarather preteredvesnbssiindent Tekednewonal |y,
engi ne opey; 0, | SL 0 ents. Wi th ne
conponent s TEL 28 W0Hbfidtalh fob SORIAE heef) e RO SO ALART daPink' SRR oo

mat eri al pmapeial pepertidowdy Brofidaythieadasd dat idaging ke seevics lifegbfed ga8turbihem t he

i nproved all oy, the repaired noz%l e segnent 10 V\{ié)| | obtain, in ‘{)art t he
enhanced nﬁTgé‘g SAMRHEHSHER 852 NoZFlesamERto HIPTPYEdAlolS Sigblefor wsepuih sueh t he

nozzl e segp®fponedfd 48l dAelbp&. Mo Ry ?rggérlié; @ﬁé{%ﬁ'ﬂotr BRI hRR tof %ﬁvlace

repairabl e vane 12 may becone non- repai _ n I's case, replacing the
unsal vageabfigingogempaments wilke newgremponedtswiabticaterh diokre then gwprsiverylalioy to

e N Y
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



entire replacenent part. After joining the two singlets 24 and 28 together,
a restored nozzle segnent 10 having a previously used sect,r'nan
(corresponding to the sal vageabl e singlet 24) and a newWy Mé}ft Zggé
section (corresponding to the new singlet 28) exists. The next step is to
conpl et e t Hdterupralsr thef entife segpgnt 481 énoluging e anmlyampmfaﬂtn@dsmcuw,um

Wil e the | t de bed ahqv red relatiyv i nor
damage, nob{elc{él??&er%g @52% §1%|§ Sggpebl preal& rmm ngug ‘daf‘lﬁep r(‘:"?“‘?’;lscszksr%la)rf:1 aK/vor n
surfaces, wachiningexftet Q‘)hebﬁvd singletsexd. andS!K:hla\@dﬁblﬁ jd?rﬁbw asElBakHat MBYst&B or
acconpl i shed usj nq a standard.alloy build up technique. Generally, this
entail s cofBFPHYULSE it At dhe dyrdere alothgi tap singlgist ab?SéIYalanfoﬁﬁﬁﬁérmor
paste and added al | oy

t her et 0. mﬁﬁal%%hégh&%ﬂ? gﬁl Qﬁ}agsré%dtaﬁeeghé{{“:égherp@élg%eqﬁ?g@% i ncl udi ng the
new y manufactured section, is machined to its-design shape. Perform ng
the all oy Mideacrih@dpbomﬁbe eemeiir frienzdd ofrthcln'rersemgma’.ﬁti@r refihe on Wpsitiogl @t s 24
and 28 have n 24 0|ened assur ttg{hat no, Be[p nti nui tc'?qes exi st at
the fntert doet Bl asbiikRS R fPRoY emBRe JhALy® o rePBERE o = mir
coatings t hglairdisle @amy, | wwnahxkxappl@@@h afnsj JegMBRk dedrhifedtkRA e flABR and AS
descri bed above, . the repair of the present invention relies on

i nspect i onneA- repgisakle vanes| %O‘&é@lﬁféﬁ?@c&’@ thel seRairf ethed) #F Hiespresrat iMgnEon

repai rabl e SR o)

segnent s dé}ﬁ%{iﬁnﬁ&é% %g%ga\l/lre rep aﬂr ragit)lfee¥%ﬁﬁlt %ﬁ%'@gg?‘?gﬁo%&%gﬁ ﬁﬂoél d be
subj ect tosctheéulleérbams ri’@tmm;ﬂ‘e Figerepf ebewms onmvehrdilefor aAevanatiozeley, t he

repair nethod o . present inventjon cquld be conducted on a, schedul ed
baors, For emthit Wiy fF Stes ah flsAY Saellunl: § SPVH rtotnge SiEie
segment i nuyihg e h&od dBREbET SHovedWidlel dhe BRSIAE Stheiit Iy EesHigMdY itrspyfiact ur ed
si ngl et u3|ng t he nmet hod descri bed above. Wil e one possible schedule is
descri bed, b¢ fotsh dhat @thep schegulesicauld be biilized 28 wBldul es coul d be utilized as
well. In Figure 5 the nozzle segnent 10 is represented schematically at
various tiPgigfd r@%ﬂ@%&zl“s@gﬁ@ﬁt"ﬁ@% réﬂr@sen el s%ﬁ&ﬁatlcgﬁ)t AW Rriohdinlesl t hal f

of the bloc repreéents one
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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singlet and the right half of the block represents the other singlet. The
| eftmost depiction in the Figure represents the segnent Nk iy new
part. Thus, each singlet is new as denoted by the N s. TﬁgﬁnA&éY%gwj@tion
is the segment at the tine of its first repair. Here, assumng that
nei t her vanthehhsdbepair sbreplaved Mythdameylydnamdatiured i simglet tand e roglees singlet

conventional repairs. ,Thus, .e singl.et. has been repaired.onc a

Genoted by s stingdd fReait Gt b0 unero e EaheRE) BE MR radtr 1 ¢
second repaginglet M43 teek: iréfRireB@ONnsd (Eh6fed hhahe RI )T FréhiGen 1B sénamne would
separated fromthe other singlet and replaced with a newy manufactured

si ngl et usi eRptiNHE suahdpal nevsieplaprsaena pioglet wamnid aliernaiediaraside é¢ sifelard repair to
the other singlet, Thus, one singlet is new (denoted by the N), and the

ot her si ngl i ' : : ;

depi ot oni o facg Bt Bad RRBRIRC, NG o OBl DibhERotdedopraP lBlen,
si ngl et t hathewasvicerldi¢é of thelnaeHe segmdnh & wextlyraharepdi While spepfiacmblodintits a

new y manufagtured si.ngl et and it he . other .singlet undergges st.angdar

epar r " Thugt i e reation Joisbren dEuIED YA HESRGRrerh 0 e SHORGE D ngl e
has been repaihRd/:006E rodBRAMEH t¥reld18an B madd&ithast AR frOM the sphite
segnent at the time of its fourth repair. Here, the singlet that was not.

repl aced at a8l scopdpfrthe @o4ntigreas defined indpapppended dpmaced with a newl y

manuf actured singlet and the other singlet undergoes standard repair.

Thus, one singlet is new (denoted by the N) and the other singlet has been
repai red once (denoted by the Rl). From here, the sequence would continue
such that new repl acenent singlet would alternate fromside to side. The
foregoi ng has described a nethod of repairing a turbine nozzle segnent in
which the service life of the nozzle segnent is greatly enhanced. Wil e
speci fic enbodi nents of the present invention have been described, it wll
be apparent to those skilled in the art that various nodifications thereto
can be made without departing fromthe spirit and scope of the invention
as defined in the appended clains. 9 11 May 2004



CLAIMS: 1. A nethod of repairing a turbine nozzle segnent having at | east
two vanes di sposed between outer and inner bands, said nethog &@ngrbiing
the steps of: separating said nozzle segnment into a first sin 1 May 20
cont ai ning one of said vanes and a second singlet containing another one
of said van%ﬁyuﬁ@g; joining said first singlet to a newWy manufactured
singlet having a—configuration that is simlar to said second singlet. 2.
The nethod of claim 1, wherein said step of separating said nozzle segment

into first and sgcaighed "G e&5aifRGPA | RASINEUhbENE SehifleRU! Havipnsl fddt said
inner band in two between said two vanes. 3. The nethod of claim1l or 2,
further conf¥Q sivYapeshe stdippeged efhatweny eaiaige and séinerf i bendsj ngiadd . 4.

The net hod &%Fﬁdﬂ%&ﬁsi_%%egégg%grei n sone damage in said first singlet

i's repaired prior ] Ol first singlet to said newwy manufactured

singl et and some_danmge in.said first singlet i epai r.ed ubsequently to
joining said fi r%‘?paﬁ‘ﬁ’b@i é?"fBOE%!FoS%QW ﬂﬁﬁ?g@?ﬁ?@@l’%i ﬁgﬂia'megq%oﬁm hod
of any one eghidtvamenr en¢disegont dirthet vhRtaRIINY aAGTeR Kk Yf sARNMRE! Hhed
singlet has an in-process shape that is larger than said second singlet.

6. The method ofloKH8 i dirst; Blagiate clodngewlvamanufaciyiase singdatpr having at he
step of appl&t‘éﬁi@rﬁﬁbﬂﬂ#ﬂs Qil’Hi!"cﬁjtd‘gaiHQse%;ﬁlhg o | e segnent, subsequently to

j 0i ni ng sai st singlet 10 said newmy nanufactured singlet. 10 11 My
2004 7. The method of clainms 6, further conprising the step of machining

. : : | Vi : o
b f'd”fjf)_Z' € SCOMBNL L it Sof BRnd™ S RS R UES GIUENt L sb0a 2Ry L ag s alloy
segment into first and second singlets comprises cutting said outer

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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8. The method of any one of the preceding clains, wherein said newy

manuf actured singlet is fabricated fromthe same material as fﬂhﬁ%ﬁ’ i&?l et
9. The nethod of any one of the preceding clains, wherein the %O

manuf actured singlet is fabricated froma material that has enhanced
material properties with respect to the material that said first singlet is
fabricated from The. mptodrefholairos Gnfurther oomprisingr theeditery of anaohiningr t her

gl et " andERone Saih b5 eShR S B AR Bl 1Y helR S A6V
manuf act ur ebuildumgl et having a configuration that is simlar to said first

singlet. 11. A nethod of repairing a turbine nozzle segnent having a
repai rabl e vane and a non-repairabl e vane di sposed between a first outer

band and a &irstj n i } Sings the £ 3 i di ng
a newy nangTactEbggﬁEVﬁglg{aﬁﬁéﬁﬁgﬁﬁgﬂg é@ﬁ%aﬁ s@gggg W@é&ﬁiéﬁ“& second

i nner band tewnufagtaredi singlgtoisnfatgicated doen dhe samec vaderniainas sdidnsinglevi ng a
second joining surface; 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 segnent into a first singlet containing said repairable vane
and a second singlet containing said non- repairable vane, wherein said
first singl8t inthedesthed: Bf iy enaiefgthsupregssling drimg, wherein tir eievtiand

10 4 AR 068 ST i b, PR A ARERES
new y manuf materiatdpsipegliess vith bespécto to sthied ratessl anst tshid dirsoisiigiet is

surfaces to%gt,he{e 3nd said second and fourth joining surfaces together.
12. The met WBHCBEIIANM 11, wherein said new y manufactured singl et

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
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has an in-process shape that is larger than said second singlet. 13. The
met hod of claim 11 or 12, further conprising the step of apphypn?§ﬁ84alloy
build up to said nozzle segnent, subsequently to joining sai 2

singlet to said newy manufactured singlet. 14. The nethod of claim 13,
further conprising the step of machining said nozzle segnent to its design
shape subsequent jojning sgishfitst minglel tp saidopewlyumanutastured. singlet byt bentling any

Fabri cat ed FRuRERand 1l g sifteted iethe! By SER et lPteTint Binng.g o
any one of shfapeetedimg. clains 11 to 15, wherein said newy manufactured
singlet is fabricated froma material that has enhanced materi al

properties with respect to the nmaterial that said first singlet is

fabricated om : had: Qf 14n (o] h ' ' to
16, furtherié'corr-ger%s?{r%gﬁ e s?%gg 1)? )rérvaﬁlaﬁl %gﬁsgiegﬂfﬁﬁggﬂgﬁ@r?%ﬁpé%t

j 0i ni ng sur fhases ingprooess shae thatis kaget than skidkssewindtsihglesai d new y

manuf actured singlet. 18. The method of any one of the preceding clainms 11
to 17, further conprising the steps of separating said first singlet from

said newy 13mnufBét Hiethodi 80! Gaim anfl bpi M NGuaREd dRrbisiR@NiHacdtep edf
singlet to another newy manufactured singlet having a configuration that
i s sinilar @RPI¥EDJanqligy Buihug to srid norele seament. subsegrenite tadginirg
segnent CoONQLily S0k : : | (g ; and first and second
vanes di Sp%g%@%@%ﬁgﬁgbsmﬂg@%ﬁ%g S"@%@s, wherein said first vane
and conti guous portions of said outer and

14. The method of claim 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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i nner bands define a first section of said nozzle segnent and said second
vane and respectively contiguous portions of said outer and Iﬁ?ﬁ 9@@?
define a second section of said nozzle segnent, said first se 8h ng
previ ously used and said second section being newy manufactured. 20. The
nozzl e segnent of claim 19, wherein said first and second sections are
fabricated fromthe sane material. 21. The nozzle segnent of claim19 or

20, wher ei n.lgsal dA?&‘l%%dn E%\é}’ﬂﬁhﬁ?é@@@%ﬁat ed froma nat eri al thaft ha_s
i es

enhanced eri al proper to the material that said first
section is fabricatedan bater basd: A turbi ne nozzl e segnent whose manufacture
or repair includes the nethod of any one of clains 1 to 18. 23. A turbine
nozzl e whose manuf act 8RdN§r 38Pdj hel udes the method  of any one of

claims 1 to 18. 13 1ly

REPAI RI NG SANE ABSTRA#gCﬁgOa:%%%I%n%L@@%gSSE@%g%\EWEE étE:"h; e paltt bl epal r nS%&r

t ur bi ne nozbﬁ@&e\ghﬁwﬁn Isaid Firpt ataneeagnd toantigamaes pd)rtﬂmsseﬁ saldebuteeraralit er
and i nner bands.in uae thef SL gst of ts/ %.gratlrll the n zz((i Ei;ment clanto a
first singl 'QPGESHP ﬁ@"%a gﬁ PPARNEOL A8 Q'S SEAUERE &N SegM%i ni ng
a non- repayarP| andaRepedivtly @ontigdolid ottidrie of isal @htéroaﬁ’d ’h%r}’bands

manuf actured singlet having a configuration that is simlar to the second
singl et. Figefiner s second section of said nozzle segment, said first section being

previously used and said second section being 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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