27 July 2005 TURBINE NOZZLE SEGVENT AND METHOD OF REPAJ-RENG SAVE
BACKGROUND OF THE I NVENTION This invention relates generally to gas turbine
engi nes and nore particularly to the repair of turbine nozzle segnents :
used in such engines. A gas turbine engine includes a conpressor that

provi des pFERBINEAOZZLE SEGRIEND ANIS METHOB ©F REPMRANG SAME xed with fuel
and ignited for generating hot conbustion gases. These gases fl ow
downstb}eg&géég a turbine section that extracts energy therefromto power

the co P%%W%W@Eﬂ@%m such as powering an aircraft in

flight. Gas turbine engines typically include stationary turbine nozzles

that e i e | |.nf | i fl-ow and
pr essur i e TRier BT EE gl uRRE SREhBL hd pht pHFIAEIDS e oo,

t ur bi neepaivaf hebinemezpleaegtentausédm sadi egdics. of each turbine stage to
channel conbustion gases into the turbine rotor |ocated downstream of the
nozzl e. Turbine nozzles are typically segnmented_around _the circunference

t her eof* @R AUTEHEN CRDS | Bl e COmBESHY ik Poevidesr pregsurized | aivddes  di sposed
bet ween,. i t S. th fi .radial. fl th ndari es
for tﬁbéh lﬂ%t% rcg@%ﬁes i%% %grs]lgsm%h%itwvﬁg’ tfﬁgoélg(ﬁ lgﬁgedng%rz gl\.{@$hn&2’8ﬁozzl e
segnendsniaston Faskst eThése gdies @09 dewszhmoot # nfrbind sebtanihal afraty ay Wi th

t he vanes extendin radi al |y between the rotor blades of adjacent turbine
st ages‘?ﬂefﬁl’r'ihﬁ@frﬁﬁb%aww, thg sempeessapnd revide usedilpverkduely aapawvering enper at ur e
gas stre . Gan -0_oxi.datjon _and rQst on ereby |.imting the
eff ect‘;'l{nvépag%aijr?\E;’iIl (f:1 1 f%a%gtgﬂ%]ﬁ%sgé’ggéh%bcﬁem I]sc%?‘{gc%%?o(ﬂaﬂ’g{u&m%&%]? segnent s
are t ythatcaihbycd alpine pérdsinianeenbli pproprafade rffudhéing @hakibwoindiredsate based
superal | oys and are often coated with corrosion and/or heat resistant

mat er i8Itk the, farhise geetion. nlmpli-gagmprbise ceriions, dubing ozeles gre placed: he hi gh
press LD I ften oled i-nterpally wth.cooling air

bt r ach Sif HiahECoREEh LA ES) RIEPBraubiph BAB%inef o dthufihion” s

ef f or tiscat@bdéwanant of i ndele| TulSeBoiAes Retypicdlyaichinchide a¥@n@ds, can
suffer_parent netal cracking, material = erosion due to oxidation and
cor r odhofrcunigresce Srerendmde cadhoprpaziratemeat baving ene eragmeraigoiyaneshe ei t her

repai rd%i!)o%d BEREAE RN et Snd BLY Blids SR Yenfil fHeSh@R ﬂgvo}%tﬁ' Boundaries for

the hot combustion gases flowing through the nozzle. These nozzle segments are

mounted to the engine casing to form an annular array with the vanes extending

rédia]]y between the rotor blades of adjacent turbine stages.

During operation, nozzle segments are exposed to a high temperature gas stream that
can lead to oxidation and corrosion, thereby limiting the effective service life of these
components. Accordingly, nozzle segments are typically fabricated from high
| temperature cobalt or nickel-based superalloys and are often coated with corrosion
and/or heat resistant materials. Furthermore, nozzle segments (particularly those in
' the hi gh pressure turbine section) are often 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 suffer parent metal cracking, material
erosion due to oxidation and corrosion, and other damage such that the nozzle
segments must be either repaired or replaced to maintain safe, efficient engine
operation. Because nozzle segments are complex in design, are made of relatively
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operation. Because nozzle segnents are conplex in desigw yaf ggsade of
relatively 27 July 2005 expensive materials, and are expernsive to

manuf acture, it is generally nore desirable to repair them whenever
possi bl e. One conmon repair process includes chemcally stripping the
environnmental coating, applying a braze alloy to distressed areas to
repai r r ver, such
ropai RSt UBERraR Y FERRRY Wi dERtle B ERlRIL AR RO T |

t hi ckegsisthem wikmeherRgsible. exceeded as a result of repeated repair and
chem cal stripping processes. That is, when the airfoil wall does not neet
a mnimmthickness, the nozzle segnent cannot be repaired by the known

r epai j i n such

G F o B el @Yk dndCA RSN Rt e i Rl S Fent

ai r f cipplyiegplaabenze ndlloye thdistyessed f areass tmgbpazr ﬂmnesssmﬂefﬁapplgvmgpthaﬁe removi ng
t he dlstresse%-vane fromthe |Rner and outer bands . and wel di pg a new

ai rf GOVIPRIENE Cafihadde Beaich veraT Elﬁéesd?ssﬁl? RiEsd by Jocd; distpgionr enpyed from
the b%l'a%de it erallttﬁ'i% éés}' Rrﬁlcpgh{i i a ré'é'i]ﬁ _ %\%ﬁ%{erdf oil is
g wor wth si

wel ded to t ese stunps. 0|1 e vane
segnerpar aﬁbcimusealtstrqapnwmﬁdesl That-ief whérgiht: anrfmhwall |dabd motwhedt at he singl e

-vane configuration However, conventional we g not practical with
¢ G LEe 1hS RS AEmER SPiRE bar Brgrt Dhr eI Teies or o

ai rf?rbcersgpl acenent for nultiple vane segnents typically conprises brazing

new airfolls to the sal vaged bands. This results in airfoil- to-band joints
havi ng generally |nfer| or strength conpared to that of an integrally cast
i nterface. ,Accordin it would be desirable to hayv |rf0|l

repl CeREHT SERENAR %eflfarre NQZZISACRmAE HuF4eh pitgationte i joreals et s in which
the absHndhdestRvEREn Jdeldbfed Gurredd 'dichﬁ ?é}ﬂaéeﬁle% t&‘ﬁhfq%@s tf&aﬁ jge same

joints in an originally nmanufactured nozzle segnent. BRIEF MVARY OF THE
| NVENTLOBE ghnants chrmg'lstecremnwagpm:dmméssemearprfwnrthe mmeemmd owter bineise i s
provi dﬁ aldﬂl%t Q newo airfoil to the salvaged bands. When the distressed airfoil is

removed from the bands, a stump of the original airfoil remains. The new airfoil is

welded to these stumps. Airfoil welding works well with single vane segments

because the required line-of-sight is available with the single vane configuration.

However, conventional welding is not practical with multiple vane segments because of

line-of-sight problems. Therefore, airfoil replacement for multiple vane segments

typically comprises brazing new airfoils to the salvaged bands. This results in airfoil-

to-band joints having generally inferior strength compared to that of an integrally cast

interface.

Accordingly, it would be desirable to have an airfoil replacement technique for
repairing multiple vane nozzle segments in which the airfoil-to-band joints are
equivalent to or better than the same joints in an originally manufactured nozzle

segment.
BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is provided a method of

- repairing a turbine nozzle segment having at least two vanes disposed between
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repairing a turbine nozzle segnent having at | east t\/\oz\.yqﬂﬁ,szd‘ti,issposed
between 2 27 July 2005 radially outer and inner bands, the outer and

i nner bands each defining a cold side and a hot side. The method i ncl udes
separating the outer and inner bands fromthe vanes, and form ng one sl ot
for each vane through the outer band and one slot for each vane through
the i !F{Eﬁj t vane is
inserr?&eygflyﬁtﬁ%géagﬁﬂmgﬁ%%lﬁ F@Egﬂ%%@ﬁ#gﬁgﬁ%@%@gn a%élﬁﬁlhgs? end of each
new ya hotesidef it mnehbd mpludce sapatating nike beter Ak frined barls dromn ¢heobarielie | nner band

sl ot s. ch, repl acenent, vane is ded to the outer band on the cold side,
and eﬂ&éffgmagéeegﬁﬁﬁ or cagh Yae thyiehidhe pater ﬁ@c{] HKemerotoB FAAEEo | d i de.
Each | { i nds on the
R S S R L T L L R
i nvenseoted inkereech snprafvihdeshter bwidhelbts afid ranpainer rgd aoft eachi newlyozzl e
segnent havi ng at, | east two .vanes di .sposed tween _radially outer and
e e PaRH WA iF AETCD RSO eh LRIRT HGn SE5t Ffde and  a
hot Sbplfeentéth dafINVEIEORPIHuRG bR RAI AL CBA S8 dndYhSl rBRdahager bands
fromsaid vanes; providing a newy nmanufactured repl acefent vane for each
one ofane &iwkldatheshe imachandrom thé celdisitier Epthacplaeeihent anesishdooibrgzedn out er boss
formed _on an oyter end thereof and, an.inner ss formed on an inner end
thergis#}e?“g?frﬁnﬁmfg?w OPRE%{YGWCEK?B&S&FP erﬁ‘gﬁd for each vane; forning a
- slot through said inner band for each vane; inserting each outer boss into
- a corr espbABnRenSihed MpdctfiiRS preind irfleRfich, thedSRrb8ed £aAthodnner boss

into a correspondi ng one of said inner band slots; "welding each outer boss
t o safdepaitieg abbbine moszle degment krvig atwvdasti tep @ards disprsed heteeeno sai d i nner
band on .sai.d col.d side; br.gzi each repl acenent. vane t.qQ said,outer band
on s ATajalE Py ghel inact parigs, sy ayted anf toneh Paek Aol Soimi ¥ 60 s1F ner band on
sai d ahgdt s3defl 8aidAGE06A icBRAptiSingN@phRtingd SRACSutéf andhign& BRE8 tfron ¥@dt i on, there
is provided a turbine nozzle segment conprising: a radial outer band

havi rignes; peviding aenealy manhGictusedieeplagementavaak fomensh dnared shidwyangs.a col d side
and a nd, at fast t vanes dis ween s idenaut'er and

o e o bng'of St PO Rbme B inel S8y e o ey BOS, forprBE o o

thereof and an inner boss formed on an inner end thereof; forming a slot through said

outer band for each vane; forming a slot through said inner band for each vane;
inserting each outer boss into a corresponding one of said outer band slots; inserting
each inner boss into a corresponding one of said inner band slots; welding each outef
boss to said outer band on said cold side; welding each inner boss to said inner band on
said cold side; brazing each replacement vane to said outer band on said hot side; and

brazing each replacement vane to said inner band on said hot side.

According to another aspect of the present invention, there is provided a turbine
nozzle segment comprising: a radial outer band having a cold side and a hot side; a
radial inner band having a cold side and a hot side; and at least two vanes disposed

between said outer and inner bands, each vane being welded to said outer band cold




3 27 July 2005 side and said inner band cold side and bejyngrdysazed to said
outer band hot side and said inner band hot side, and wherein said outer
and i nner bands are previously used structure and said vanes are newy
manuf actured structure, wherein said outer and inner bands and sai d vanes

are fa ed fr terial According to another aspect of the
pres *’r"‘ﬁ\ﬁé‘ﬁlﬂp’é‘ﬁ af“ﬁié‘?lé ‘geaﬁga&?}%a@dttﬁ%ﬂ quter handshot sideqnd spid conpri si ng:
a. radhidr wahdekotbadd HRAViMEreth §ﬁh%1ﬁérd§n@%e§‘ HaRds %fedgrevﬁ)usf gial i nner band

having a cold sjde and a hot side; and | east two Vvanes di sposed between
sai d sbuetare addaidirmaes sangwly managured Sb‘éi:tng: whkrgausaidbowtar ahddnnesr band col d

si de b@ﬁ%@g%ﬂmgmj@m %g?r@% %S Epﬂ?\%&g brazed to said outer band hot

si de an ARer bang erein said outer and inner bands
are previously used structure and sal d vanes are new y manufact ured
st ruct ur e, Acshusting 1o &lathdr ameetsofahepresaimiti\@aﬁed theroim momidbéaiturbimehat has

enha nat er i aI ertie r| aI at sai d outer
ol arle "BRRE R BRE! b (Efialibiep hERRER g 8 hRFsiafBAE i
advarrncaglemnavwndtligmga eoldagide whd g mﬁ@ﬂepaxap@talre@s’alttwumes Hﬁ@éﬂe?g t he

foll ow etaile scrl tion a t a clajne with_ reference to
t he i’ E%e%ﬁéﬂ{ﬁa fi‘rg\/\i anﬁﬁ?l e ‘P$I PRENPRRSSCalde subj ect
mat t @fdetahatsalusme%aﬁ&aqd@fdetah& bbﬁg%ﬁeereo baid Bﬁ%ﬁé béitd 1t seRQl R4igd out and
distinctly claimed in the concluding part of the specification. The

i nvedtnesband dweb\aide, andmyheseinpeaid awirietusk bwer bpndsetnsr previously wsed f ol | owi ng
descid b ANadPLaa Vool G HARY! Ayttt MACAEE WRABK! Dy Gl g Tigures in

whi h gure I's a perspective view of an engine run € nozzle
seg rréathncatadginm a2ma&na1 ﬁiaamaweahaméd iriateriad tprapedées obith hespectnter thband from t he

nozzl e.s ure 3 | an view of the hot side of the
outelmaﬁghagqﬁﬁaﬁﬁ??wgr G%ﬁtﬁmca{ea%ﬁe 1. Figure 4 is a perspective
view of a repl acenent ai rf0| | vane used in the repair

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 that is regarded as the invention is particularly pointed out and
distinctly claimed in the concluding part of the specification. The invention, however,
may be best understood by reference to the following description taken in conjunction

with the accompanying drawing figures in which:
Figure 1 is a perspective view of an engine run turbine nozzle segment.

‘Figure 2 is a plan view of the hot side of the inner band from the nozzle segment of

Figure 1.

Figure 3 is a plan view of the hot side of the outer band from the nozzle segment of

Figure 1.

Figure 4 is a perspective view of a replacement airfoil vane used in the repair

method of the present invention.

Figure 5 is a perspective view of a repaired turbine nozzle segment.
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met hod of the present invention. Figure 5 is a perspectijyvgiv@wy of a
repaired turbine nozzle segnent. 3a 27 July 2005 Figure I s anot her
perspective view of a repaired turbine nozzle segnent. DETAI LED DESCRI PTI ON

OF THE I NVENTI ON Referring to the drawi ngs wherein identical reference

numer alFguetdt endther [easpectied SRS repaifiddhiite AdQle/REimeHs views, Figure 1
shows a | ow pressure turbine nozzle segnent 10 having three nozzl e vanes
12. The_vanes 12 are di sposed between an arcuate outer band 14 and an

ar cuat PFIMEER BFES P TIQN QBRASE ROVENTION ajrfoils configured so as to

optimally direct the conbustion gases to a turbine rotor (not" shown)

| ocat t - eaf t e i b 4 16 define th
out or - s R o P SAFAER, whAti, Bl Rl RT oS desofhel St nr ough

t he nozkhents@esmhbutlBe vEHBuOWesk, Pnfk 14hdiasa o phdsbdbiR ddbR side
facing away fromthe hot gas flowath) and a hot "side 20 (the side facing

t he hosegaant fl0chgyans thraqaorrle | vades 12 | Hregeane2 1 2f ge disposed betvwickr aput er band
14 (an S nazzl e seqgnment 10) tq t engi ne cagj Simlarly, the
ner AR E ol STowE dine dbahdc) 61 e Janenie SEes aubul
conventiiiddred bé lé§ttldr(ﬁ3tﬁh|ﬁ]}/ afre@ thka@sbidton Eﬂ%sf {PR96H PdeY Qgﬁ ;5 ng

structural support to the inner band 16 and al so provides a s
funct i gipwidacatesedovorsticam thetpobnihe Ouies andisimmr beods i+ amd Bhdefives th¥he nozzle

segrent. 10 is.prefer.abl de of a .high ality_superal] oy, such as a
cobal t&gPr ﬁ’i"i 1 3% 2@% 8¥a|f8§136°3ﬁ%l_9nﬁ€§§ %ﬁaﬂ%ﬂ ﬂelwuﬁh e 86FFBsi on

resi st aipmeRRIGr T8k odRELAA 1 HBLIR colPsfd 88 (t‘ﬁ@%fderfgciné 827 fhol] n?ie'}%t englne
will include a plurality of such segnments 10 arrang 3 circunferentially in
an angAsl Bowpatinf srglua Aot side 2h(the sidhdaciepabe hoegasoflewpdth) el prchslent
inventjon a descri.bed herein with respect to a three-vane | ow pressure
nozzl eﬂ%@@ﬁégtf,or ﬂough%!%&e opier S@'\é\%dai@’é‘ﬁ%}‘ﬁdpet“ﬁéﬂﬁﬁé@@ﬁ‘ﬂt 1(ﬁv‘8ﬁb? on is
equal | shearplasmablSmilary! G iEETRHES 6NRE% Gid SRETRNR AAG HAFZL EndegTENt S

havi ng any nunber of vanes. During engine operation, e nozzl e segnent 10
can expepileswaventitngbstsuntireaschmaghflange2ti| Thé flamgd 2R plovigles sshdtaam

over- ts%BB&E & Y inher band i]gnan%bilsecg: E)?O\;iggéag tsiearlli%gtgg{:t?oonniﬁhen the nozzle
- segment 10'is installed in an engine. The nozzle segment 10 is preferably made of a
 high quality superalloy, such as a cobalt or nickel-based superalloy, and may be coated
with a corrosion resistant material and/or thermal barrier coating. A gas turbine
-engine will include a plurality of such segments 10 arranged circumferentially in an
annular configuration. While the repair methods of the present invention are
described herein with respect to a three-vane low pressure nozzle segment, it should

be recognized that the present invention is equally applicable to high pressure nozzle

segments and nozzle segments having any number of vanes.

During engine operation, the nozzle segment 10 can experience damage such as might
result from local gas stream over-temperature or foreign objects impacting thereon.
As mentioned above, a portion of the nozzle segment 10 may become damaged‘ to the
point where it cannot be repaired by known repair processes. The present invention is
directed to a method of repairing a nozzle segment in which the outer and inner bands

14, 16 are repairable while one or more of the vanes 12 are non-repairable. By way of
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As mentioned above, a portion of the nozzle segnent 10 mmne damaged
to the point where it cannot. be. repaired by known repair "processes. The
present invention is directed to a nethod of repairing a nozzle segnment in
whi ch the outer and inner bands 14, 16 are repairable while one or nore of
the vangampR, Beovaned12 eRALbMIIR Fifire WaY hi¥ing $x@rsiveliimai0Rich @ﬁf’%& e, the
vanes 12 are shown in Figure | as having extensive danage such as to be
non- r ep@nrapditablthivhde tthe ovtgr end anmdr ibands 14 dibdisave4¢latiGelpaniaor dhmagevel y i nor
damage nd are. repaitable. The present inveption is nost applicable to

i nt egr é‘Pi?fT%gFg?‘f?ﬁgﬂ 41 REESREIVENtQES TRoT |pphiead 'é’dnmqin]yd’(aﬁ’eﬁozﬁlﬁpes of
nozzl e t I 8 i i 5%:!]“3 principal steps of
separ atsiéggaﬁﬂ’eb%éE?lgwgr?geqﬁrﬁgrﬁgﬁ%&%ﬁ?&i% o%%'ﬁ?éi;bglki sting vanes 12,
and then joining the sal vaged outer and inner bands 14, 16 to specially
desi gnddie repent metimd uhcludesrtbe priacipalneeiserfsepdrating thploate ahd énmeebandsepai r abl e
vanes ﬁ.’ré/g_re ﬁgeci f.i cal I%, the initial step of the repair nethod is to

i nspect *eHyITAR PHEXIFHDS VansSddnand thep doinmedhe salvaged puter pgd énmeppangdsr vi cing to
i denti C . [ I iLnpner bands 14,
16wt el SR PeFRRT PN kR o RO B B, BB e RO 0T 2
nozzl erepeyatdatvahls Has Meea spedfedliyf ited iniiisl sb o dhdecppir npided @ftoany

coating materials (such as corrosion or thermal resistant coatings) that
may be’%ﬁP%‘é SREINeTRE nogale; segmeatsdretumed iipmpthediald Spretervisingo identifyui t abl e

t echni , i . %0, L eal t.he like, or by a
conbi n%#?éﬁég?mgagﬁ%teﬂgﬁg}‘ uglé&gfﬁgé}ﬁgi%sef g%{‘%g?“t g&S%hdi;ei P 51?:%5 in the
out er afthe varerl2aredsordepaikfblandoper b ol RAESlcRaebul b diadbehi t he

fl anges 22%%128, using. known repair techni ques such as alloy brazing, alloy
bui | d identited. d shguldhbe straped flany crriss magsiabntsPeines cormsionrer theimal pe carri ed

out a j NGy L . of uter. and inner bands 14,
16. Aﬁr;ﬁ%%ﬁfg%?@%?jgﬁfa?%ggkﬁt Jgi‘(??(s)a(?i ﬁ%]se (%ﬁg?g Wé&%ﬁa] gjralyglenépp 96 us®8%are not
r eappl anydsuitablehieshiiign®. sutheasngritt blastiig, ichemidab Bahs, iR thadileyicerbyand i nner
bands 14, .16, fromthe original vanes 12. Separation_is acconplished by
r ough CMBRaPD WS Srgnteehinuesanthe pexeder i wwieis cracks ig thejowtgr andar t he

I nner ;haRdes 1486 bR YirfeRiSHIP bAfaSRCLE 12 FanBEs BHE28UNShe
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 outer and inner bands 14, 16. Any corrosion or thermal coatings that were

originally used are not reapplied at this time.

‘The next step is to separate the outer and inner bands 14, 16 from the original vanes
12. Separation 1s accomplished by rough cuiting through each vane 12 near the outer
band 14 and near the inner band 16, thereby leaving a stump of each vane on the outer
and inner bands 14, 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 outer and inner
bands 14, 16 are prepared for joining to the replacement vanes., The first step in the
inner band.preparation is to machine three recesses 30 into the inner band hot side 26

as shown in Figure 2. Three recesses 30 are provided so that there will be one recess
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and inner bands 14, 16. The cutting can be perforned by,any, sgventi onal
nmeans such as an abrasive cutting wheel or electrical isc%arge machi ni ng.
After separation, the unsal vageable structure is scrapped, and the outer
and inner bands 14, 16 are prepared for joining to the replacenent vanes.

The fi rfet esdhegf tha répiemienninebaRdr nPFAPMpRidn@ hdving # diTRESt REndbRF 88 T ecesses
30 into the inner band hot side 26 as shown in Figure 2. Three recesses 30

are proBeR serrespandingepwniyir] of resessae waddds ukd27Thelrgce@98530 facr  each of
the repl n anes. .For nozzle s nts havjng a djfferent npunper of
vanes, qgﬁgigg‘;e%}ﬁﬁﬂ‘ﬂi gd n@ﬁt}%ﬁn"&?terr ngaggléﬁ%ﬁljé) roxiptestife A ses 30
are T &biiduy of theSBlhéaNbnt kst TR EIRE BlanBlr (ﬁafﬁﬂnfngq éﬁlri%g sﬁgﬁ%dgx' nat es

the airfoil contour of the replacement vanes. One preferre r of

f or m ngecdsgesaily is 30 Iplwige pdettricad desbage dtachmet @EON Legh reb@s 30i CRlis & schar ge
machi ne (E each.reces . This i acconpl j shed usi ng_an EDM el ectrode
havi ng af‘{‘fg"%ﬁi ‘FSl%é’ﬁeiD?aee@?tmpﬁs?’aY’é&aﬁ'ﬁi ofly éh@ﬁeheg“@rmmsori gi nal
vanes ldnmgahdgoSeRl feth [ %9{13 t I o | unge
oper ati ons. %eOEDM pl ur?ggg 0?—] r t] h%%?%?gecaﬁe%ggéée%g?93%8&8%%3}95%}50@9 t hree
non- paekictrede fxdlsc EBME plimge apérutidnish EThedZR2Meplong@r fos 8 thRé FtRssesgOMent s

arranged in an nular array, all of the vanes define radial axes that
conver §ESW o2lPPg 1 ﬁ@i”r?é‘"l%ar@%{taéﬁ-i nBCcauses aghbing dogEigscamnrissamrlel . By
machi ni 3 n ! S t rresppnd tq the radial

- axes o?égtg?\(gedﬁfgssg ti ve%nv%r@hsa? %]é huégggggégiga%ggidgﬁﬁ (3 g%%?taﬁgﬁ %ﬂaﬁe

cor r espendrgigtovihn engian's wentprlpeixliy asd ateeius hbepahlel. IBY thaskigfpdhet ep, a
receivi ng sl sb 2 is machined through the inner band 16 within each recess
30. EatHeSFyEVong rhygs e Hat ireespandeiqgthsiradigh axes pbdisoreapesgiveecess 30.

Thi's p@gieki Q% - not .t o _dim nish the,
str uct_urgl’ I ntrté%rgls ?Ay&g%t?ﬁ%@lh%ﬁglﬁe %‘gﬁe&%%ﬂggﬁéﬁ%?%} ?%E’PSQP{ 53%5% be forned
by pl uthgeileDM al ong axes corresponding to the radi al axes of the :

respective vanes. The outer band preparation is very sinilar to the inner
band preparati,on. Speci.fjcall .three recesses 34 are nmachined (such as b
pl un ggrnl-:%mcqnﬁtsbe& ﬁgresﬂpéllg sg)(gﬁ%p hso{nag]iua%c? through the inner band 16 Withi:g Y

each recess 30. Each slot 32 is located at the aft end of the corresponding recess 30.

‘This positions the slots 32 aft of the flange 28 so as not to diminish the structural

integrity of the inner band 16. The slots 32 can also be formed by plunge EDM along

axes corresponding to the radial axes of the respective vanes.

The outer band preparation is very similar to the inner band preparation. Specifically,
three recesses 34 are machined (such as by plunge EDM) into the outer band hot side
20 as shown in Figure 3. The recesses 34 are relatively shallow, and the perimetef of
each recess 34 approximates the airfoil contour of the replacement vanes. The next
step is to machine a receiving slot 36 through the outer band 14 within each recess 34.
In this case, each slot 36 is located toward the forward end of the corresponding recess

34 s0 as to be situated between the two flanges 22.

Figure 4 shows a newly manufactured vane 38 used as a replacement for the original
vanes 12. The replacement vane 38, which is typically an integrally cast member, has.

~ an airfoil configuration matching that of the original vanes 14. Specifically, the

6




20 as shown in Figure 3. The recesses 34 are relativel ;Qﬁjmajm@og and the
perimeter of each recess 34 approximates the airfoil contour of the

repl acenent vanes. The next step is to nmachine a receiving slot 36 through
the outer band 14 within each recess 34. In this case, each slot 36 is

| ocat edeplangarent tvhee B8 rhearadcamdvopreskee cider ashardivey swtion side3fpimd as to be
situated ?@t vveepeaahe t.Wo gure 4 shows a new y manufactured

vane 388G Wgﬁdg‘éé{:‘ré g?’i‘)?”‘ ‘ﬁéelgg‘?@??fﬁan‘?}ﬁﬁe@ did4 a"ﬂr?éllpé?ﬂ acement
vane 38nd Wh! ANk of Wik Hoby/ a8k {tBg L che vERJu TSz, 28 ffo"

configuration matching that o origl na vanes peC| |ca t he

27 Jul yn2Pbsss 5kl faanedoh thfamleii&néiaéhd&l&mmﬁemdrﬂ&&uéﬁ@béﬂsiﬁd a COﬂVGX
suction S|(ge Qi ned together at a | eading edge 40 and at a traili ng edge
42 and®HAn Iyeliem Alie Especaiveiendef4, 4orandaee essertiallytcoptigemiserittbthes 48 i s

f or med 4 e s 50,is fornmed
on thev%ﬁeﬁ} I r?ﬁge?&doﬂ} ﬁgn%%e é‘&]f? Zbru ger%(?%? ggéﬁoﬁ%tggggarjg ? mgeggggnd

radi al bftherreplatdigent vape 88 ian@ i bRed 4 be AtcARE wiltin BRSENE! BAddVs608Y. | guous
with the vane' s&essure and suction sides. The outer boss 48 is |ocated

near t Hee inagtbery dgdocatnd alpee thepirailingredae afthe r@dacemdnt vari Weahdtis be
receiv thin th band of ,3 The i nner boss 50 is |ocated al ong
t he tr%?efdl\dn er geév%fwﬁg tP%B}ngE@%sflo'\%?ne 38 and is sized to be received

wi thin the |nner band sl ot 32. After the machi ning operations are

conpl eAfer the heachilivpgpsta@otistire 3BGhpl L thdMGed duter ARd firRr 8&SRNM ed with
three replacenent vanes 38 to forma repaired nozzle segnent 52 as shown

in Fi gfr &6 assegpfdeds withi{bregreplacementi wnesr 3 $)émﬂ>sm1mr epalsecamizzﬂmemt acenent

vanes n rti S f each repl acenent
vane 3%8 aslas?%tg ‘gﬁ? ﬁﬁn@rgsgseg%doﬁd 508%? &y B’é’ﬁr 6’8?28’26 t?‘ﬁ r?ﬁ% Wgr end 44
of eachneeps aﬁeeme;hbledameuﬁ& Ithe outrttRds 48 of REcIE RIpIRSARACVAE st er band
recess 34. The inner boss 50 each repl acenent vane 38 is inserted into

t he cdﬁ@é&ﬁ@ﬂﬂﬁﬁfgndwae}ut%‘mdﬂ@tmzvrtlwihte lputer fgpd |4|4rte°r€aelmdﬁlﬂ@ementeach

S0 gl 28 pUARSeAtd BRI RO bR S U TR i e T8 oLt or
band $hc}t ﬁep&&esaemasaﬂemaorsqhgaﬁa Ihaymd:ohiagmutr@rmbmrﬁodl& B, @thl8.

S Siml %I;Cl 1¥1ner Qnd 46 of each replacement vane 38 being seated in the corresponding inner

band recess 30. As shown in Figure 5, the outer bosses 48 extend through the outer

band slots 36 so as to protrude beyond the outer band cold side 18. Similarly, the

inner bosses 50 extend through the inner band slots 32 so as.to protrude beyond the

inner band cold side 24, as shown in Figure 6.

The parts are then joined together with a combination of welding and brazing
techniques. This is accomplished by welding along the boss-band interfaces on the
cold sides of the outer and inner bands 14, 16. That is, the outer boss 48 is welded to
the outer band cold side 18, and the inner boss 50 is welded to the inner band cold
side 24. The joining process also includes brazing along the airfoil-band interfaceé on
the hot sides of the outer and inner bands 14, 16. This results in strong weld joints
that take the bulk of the stresses in the repaired nozzle segment 52 and braze joints

that become fillet radii that reduce stress. Welding on the band cold sides 18, 24




i nner bosses 50 extend through the inner band slots 32:ﬁ§mﬁﬁ(k8 protrude -
beyond the inner band cold side 24, as shown in Figure 6. f%e parts are

then joined together with a conbination of welding and brazing techniques.
This is acconplished by wel ding al ong the boss-band interfaces on the cold

si des @fovi® @y tleldistebNfieallnanGsepldcenidht vARAL thevebyl DNRDIAHE Bie PSS 48 i
wel ded to the outer band cold side 18, and the inner boss 50 is welded to

t he i neésightpgblesischormialle experiemers ish miniiéplp vareserzld ssgmientsl udes br azi ng
~along the airfoil-band interfaces on the hot sides of the outer and inner

bands 34, 16. -Thi lts jin,st |d joints . that take t |k of th
ot r ess LLoREPE Y Ep R DE PR EE AR M orE 'Rl G g S espcine PR become
fillet1sam isihpatiowefess weaBgSproMak @haﬁasoaeétﬂfh band wenlif 8f fR8mi8, 24 7

27 July 2005 provides easy weld access for all three repl acement vanes,
t her ebghravéddddaimgvaifieti dew ohergy greldipg ptivides gvod ndiffhsionsbpeding neitidawi t h

mul ti pl e vane nazzl e se nts. In one ef erred enbodi.ment, e bosses 48,
50 ar gﬂﬁﬁ‘f& dsmaflaﬁ]é‘uetogﬁ%dmtnd%ea &gﬂﬂeﬁi’,mﬁlﬁg PEFERGOR "I’Q}WS gﬁé? gy wel di ng
processa kU Fsfollinnll’ RfrpeaMopeldi Maompg_aémiﬂﬁ ﬁréa%udgafe &re wgkding. Low

ener gy wel di ng provides good di ftfusion bonding wt atively smal |
anount assémblyas thenplidced @ne fameteandtrabedazA figr thp espdddenrentvoaried 38éhave pack t he

airfoil -band interfaces gn the band hot sides with braze powder. The
assenb‘P%FﬂiJ%mF% i b okt gof H"Zfrgﬁ?‘ﬁ“a]c‘dqufﬂ?ytﬁoé@é’&.n oRhemal fratingp et enent

vanes ggchRitnaiReRad ki Rathied ih A%n | 4 ny

corrosi or‘13 or tah r mal coa%ﬂjngs]tﬁat Q%agﬁ]g{rji‘gﬁ%g{ﬂl@qﬂgZ@%ﬁ%ﬁ%ﬂﬁpl ied in a
known segmeet 52 Thet medtsilthe nswamulep pimt ddncimnzim] sts@gie néqum2nichat atnieet s t he
new nmake part function and strength requirements at a |ower cost. In one

pr ef er'P¥E &bodi ment, the repl acenent vanes 38 are fabricated fromthe sane
material as the outer and inner bands 14, 16 to produce a repaired nozzle

segmenh opé préfabd Eabalintent Nhe FEIRchRht PIRRSRE Sathicaldd 8@ ol &11-?11,@ nozzl e
segnent 10. However, in another preferred enbodi nent, the replacenent

vanes 188cuzlasfthd pitentied ifnep brarads 1di, fl b éo priiduna b eepated nuzelcecginkyt S al | oy
havi ”Qhe?t”rré B 1 errn%tgxrizix]a]l)ro &riBs o it}(laeséﬁ;lgi%ali I?OZ%IG;[ see?gment 10. However, in
another preferred embodiment, the replacement vanes 38 are fabricated from a
different material, preferably an alloy having enhanced material properties. It is often
the ‘case that during the service life of a gas turbine engine component such as a
nozzle segment, improved alloys suitable for use with such components are
deve]oped. Traditionally, engine operators would have to replace existing
- components with new components fabricated from the improved alloy to realize the
enhanced material properties. However, by fabricating the replacement vanes 38 from
the improved alloy, the repaired nozzle segment 52 will obtain, in part, the enhaﬁced

" material properties.

The foregoing has described an improved repair method for turbine nozzle segments.
: ~ While specific embodiments of the present invention have been described, it will be
apparent to those skilled n the art that various modifications thereto can be made

without departing from the scope of the invention as defined in the
appended claims.




the case that during the service life of a gas turbine gngipsgsonponent
such as a nozzle segnent, inproved alloys suitable for use wmth such
conponents are devel oped. Traditionally, engine operators would have to
repl ace existing conponents with new conponents fabricated fromthe
inproved alloy to realize the enhanced material properties. However, by
fabricating the replacenent va féisf rom the inproved alloy, the repaired
nozzl e segnment 52 will obtain, in part, the enhanced nmaterial properties.
The foregoi ng has described an inproved repair nethod for turbine nozzle
segnentls methpli dfeepaieeg & itobawhodzlosegmentthaving apleseiwo vanesdisposedhave been
described, it. wll be ~a rent tqQ those.skilled in the art that various
o b bl aet S RETERT st WP Ron s bEis A SE5NS RE9Gcope of he
i nventdemdashotl Stk &l mBhbdeopeRged clainms. 8 27 July 2005 CLAIMS 1. A
met hod of repairing a turbine nozzle segnent having at | east two vanes

di sposed between radially outer and inner bands, said outer and inner
bandscpaatingnefd onterpand inesr dandsifiun said vandsot si de, sai d met hod conpri sing:
separating said outer and inner bands from said vanes; formng a slot
thro Sal ; vane; formng a slot through said inner
band or‘ﬁéggﬁ?\%ﬁﬁpﬁﬁ%‘&?‘{bnagﬁg%e&%& %nd of a new y manuf act ur ed

repl acenent vane into each one of said outer band slots; inserting an

i nnerformdg afsloe drbughessdd/inrertabhd ddrsacitlvarepl acement vane into one of said
i nner band slots; welding each replacenent vane to said outer band on said

cold.side; weldi naC&ach r epl acenent vglne to said inner band on said cold
si deNSCRRgAN e L0f of adiewdly mepviactyrrd replacement yaneintheach oBg ok 8318 hot si de;
cand JhrRphAlgsIGRCN repl acenent vane to said inner band on said hot side.

inserting an inner end of each newly manufactured replacement vane into one of said

inner band slots;

welding each replacement vane to said outer band on said cold side;
welding each replacement vane to said inner band on said cold side;
brazing each replacement vane to said outer band on said hot side; and
brazing each replacement vane to said inner band on said hot side.

2. The method of claim 1 further comprising:

forming a shallow, airfoil-shaped recess in said outer band hot side for each vane, each
one of said outer band slots being disposed within a corresponding one of said outer

band recesses; and

forming a shallow, airfoil-shaped recess in said inner band hot side for each vane, each
one of said inner band slots being disposed within a corresponding one of said inner

band recesses.




2. The nethod of claim1 further conprising: formng a J

airfoil-shaped recess in said outer band hot side for each-“vane, each one
of said outer band slots being disposed within a correspondi ng one of said
outer band recesses; and form ng a shallow, airfoil-shaped recess in said
i nner band hot side for each vane, each one of said inner band slots being

di spog ad, b L RbDoRAEA! 5 SARARILIE R B oPEI ARG P TRS £ SEGSPRS: © 27 July

2005 al ' m er el n-sal end each repl acenent

vane 4 sorfepbdiling tne ¢f A F@GANM rdtgsseP endaié aindr end s cabl@ Rghldcesesses and sai d
i nner end of each replacenent vane is seated in a correspondi ng one of

sai d YRR &Y sealed dn p eemesperding onorpfesaiebinrerbags reqessem 1 wherei n each repl acenent
vane is welded to said outer band and to said inner band using a | ow

ener gy gg@' Hith&d 9{)@&@%? wiRrei Qsﬁ%@ﬁ%&{t Vah&id WA di Ry ﬁi&'o?tﬁf%rgl%i ng said

out er I nner nds from sal anes conprises cutting each vane
near aditd saidtisrer daddl wshopes lobesrdsgy Weldiigproesshiod of claim | further
conprising the step of repairing damage in said outer and inner bands. 7.

The t.hod of ¢laim.l rei.n each.repl.acenent vane js fabricated fromthe
came -ritorediodd daif ! GERErD SRR SIS, S, DFeIebI O GRC! ai m 1
wher 8jaieLafiflpriRP LRGREBNGShAAEh Ve RAf i£Ab&E IdaMhéG vAREEr i al  that has

enhanced material properties with respect to the naterial that said outer
and inner bands are fabricated from 9. A nethod of repairing a turbine
nozzlG Thegnathnd eialiing!l furthee gemprisiog therstep ofi repaigngl dabegevmenidradéral |y out er
and inner b%nd , said outer and inner bands each defining a cold side and
a hot™S§i"dE °8%% net hod conprising: separating said outer and inner bands
fromsaid vanes; providing a newy nmanufactured repl acenent vane for each

one of. Theirfethad 66 cla@¢ hwigiR€en cath Eegildieiheﬁﬂ V28 e Ribri¢aee Frofdien@n@n outer boss
n

formed on an outer end thereof and an
material as said outer and inner bands.

8. The method of claim 1 wherein each replacement vane is fabricated from a material
that has enhanced material properties with respect to the material that said outer and

inner bands are fabricated from.

9. A method of repairing a turbine nozzle segment having at least two vanes disposed
between radially outer and inner bands, said outer and inner bands each defining a cold

side and a hot side, said method comprising:
separating said outer and inner bands from said vanes;

providing a newly manufactured replacement vane for each one of said vanes, each one
of said replacement vanes having an outer boss formed on an outer end thereof and an

inner boss formed on an inner end thereof;,
- forming a slot through said outer band for each vane;
forming a slot through said inner band for each vane;
inserting each outer boss into a corresponding one of said outer band slots;

inserting each inner boss into a corresponding one of said inner band slots;

10




inner boss formed on an inner end thereof; formng a slotpiyygygh said
outer band for each vane; formng a slot through said inner band for each
vane; inserting each outer boss into a correspondi ng one of said outer band
slots; inserting each inner boss into a correspondi ng one of said inner
band slots; 10 27 July 2005 wel ding each outer boss to said outer band on
sai d ;ahitle ShACsutt@odl 3GaRAGHe HARE bn BAE TokiQial d i nner band on said col d
side; braZing each replacenment vane to said outer band on said hot side;
and brazing each repl acenent vane to said inner band on said hot side. 10.
The medldiog eadth inheribesDtofsaidt ineer bandrpn saiid egld sids; mi ng a shal | ow, airfoil - shaped
recess in said outer band hot side for each vane, each one of said outer

band sl ots being di sposed, w t.hin carr esppndi 0 of said outer band

r ecedLENE S Er?ﬁg?‘cﬁnﬁgp‘éangﬁ%ﬁlgﬁf eg}’?’r%oq“l S-ag‘ﬁb"gé‘{ﬁ"%r @'rthgss in said inner band
hot side for each vane, each one of said inner band slots being disposed
W t hibRaing@ich egitaRtenOvamaeo &fid iletlbdndnsy saiddaidideecesses. 11. The nmethod of
claim10 wherein said outer end of each replacenent vane is seated in a
correspandi n ng of said outer band recesses and said i nner end of each
repld@eﬁ@ﬁ@ﬁaﬁgé plaing @ fudhpricamyrisiggr espondi ng one of said inner band
recesses. 12. The nethod of claim9, wherein each outer boss is welded to
sai d . each . i . i LA r nd using a
ow ek o SAARAAHEAERA RSl HAEE oty WEALES 8 BPLHARRE el g
sai d oadlofkaidraitdragd skAoBsinkdNPposel Fithod esrréPORNInE e Gfkhiddatdrhr ough each
vane near said outer and inner bands. 14. The nethod of claim9 further
conpiard regesseeard ep of repairing damage in said outer and inner bands. 15.
The nethod of claim9 wherein each replacenent vane is fabricated fromthe

sane fonrrrﬁ}lge A Isﬁ‘e'ﬂlo%vs, aisr%if-ish%%cta(? Ir‘ecgsrédm o engnetr) %Qr?f hot side for each vane, each

one of said inner band slots being disposed within a corresponding one of said inner

band recesses.

11. The method of claim 10 wherein said outer end of each replacement vane is
seated in a corresponding one of said outer band recesses and said inner end of each

replacement vane is seated in a corresponding one of said inner band recesses.

12. The method of claim 9, wherein each outer boss is welded to said outer band and

each inner boss is welded to said inner band using a low energy welding process.

13. The method of claim 9, wherein separating said outer and inner bands from said

vanes comprises cutting through each vane near said outer and inner bands.

14. The method of claim 9 further comprising the step of repairing damage in said outer

and inner bands.

15. The method of claim 9 wherein each replacement vane is fabricated from the same

material as said outer and inner bands.

16. The method of claim 9 wherein each replacement vane is fabricated from a material
that has enhanced material properties with respect to the material that said outer and

inner bands are fabricated from,
11




16. The nmethod of claim9 wherein each repl acenent vanezjﬁlg[ﬁ?fsi cated from
a material that has enhanced material properties with respect to the
material that said outer and inner bands are fabricated from 11 27 July
2005 17. A turbine nozzle segnent conprising: a radial outer band having a
cold side and a hot side; a radial inner band having a cold side and a hot

si de; AN . ég&a}eﬁ%@%&?&é%g?@%posed bet ween said outer and inner bands,

each vane belng Wwe outer band cold side and said i nner band
cold siqe. and bei brazed t said outer band hot side and said inner band
~ hot &A@ {al‘%\?fﬁrl%ﬁﬁ’g?’g?’wgééﬁogj%&@rd%ms} ner bands are previously used

structure and said vanes are newy manufactured structure, wherein said
out era radigl innprand havieg arvgldsidelandenkas sideparfdabr i cat ed from the same
material. 18. A turbine nozzle segnent conprising: a radial outer band
havi rg least aivd winde dispdscdl betvesi daid eutéraghd innenrandd)asach hané wging col d si de
and a hot side; and at |east two vanes digj;{)osed bet ween said outer and

i nnervaiderhite, sacheuter band qold pige ang baid dnnes berd eold sideranddheingcbspzedsiode and sai d

~inner__ban old,sjde and bein razed t said outer, band hat side and said
i nner® a@aoﬁgerhgpgg’f)tﬁ,& S%‘gsﬂﬁéfl»“gf ﬁar@él?og Sﬁﬁt %‘Tda‘gﬂ?fanﬁ’?@ Olﬁﬁra‘ﬂ@sm%ffre previ ously

used bahdd/arleWrbvighdly 88d0HRARS aAd Sail Mhes MRILHAF hshGcRtddUGhihge, Wherein

said vanes are fabricated froma naterial that” has enhanced materi al

pr opevliar@s sawl bhter eapeaahert bartdseardasad ivahes heet fabaicated Ur@n thadaimener bands

are fabricated from 19. The nethod of claim9 wherein each one of said

repIé@% t vanes has a |leading edge and a trailing edge, said outer boss
of each repl acenent vane being | ocated near said |eading edge and said

i(agg:rlSPﬁgﬁgﬁqeﬁ%ﬁfgﬁéﬁ%ﬁﬂgmggne being |l ocated along said trailing

a radial outer band having a cold side and a hot side;
a radial inner band having a cold side and a hot side; and

at least two vanes disposed between said outer and inner bands, each vane being
welded to said outer band cold side and said inner band cold side and being brazed to
said outer band hot side and said inner band hot side, and wherein said outer and inner
bands are previously used structure and said vanes are newly manufactured structure,
wherein said vanes are fabricated from a material. that has enhanced material properties

with respect to the material that said outer and inner bands are fabricated from.

19. The method of claim 9 wherein each one of said replacement vanes has a leading
edge and a trailing edge, said outer boss of each replacement vane being located near
said leading edge and said inner boss of each replacement vane being located along said

trailing edge.
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TURBI NE NOZZLE SEGVENT AND METHOD OF REPAI RI NG SAME ABSTRAI0F THE

DI SCLOSURE A nethod for repairing a turbine nozzle segnent (10) having at

| east two vanes (12) disposed between outer and inner bands (14, 16)
includes separating the outer and inner bands (14, 16) fromthe vanes (12),

and for m nURBING NOZZ3F) SEGMENT ANBRETAZD OFREUiRINGES anfrer band (14)
and one slot (32) for each vane (12) through the inner band (16). A newy

manuf act ur ed r%pl acenent vane. (38) is provided for each one of the
ori gi n@BYHRES Qﬁﬁﬂﬁﬁmk@ﬁuggerrent vane (38) has an outer boss (48)

formed on an outer end (44) thereof and an inner boss (50) formed on an
The h t t j.nt
cor esponaiea fsh e o oo AR e BbRLaBT Biyhe Bif S Virer Boss (s0)

i's i nsdisheskdi BétWedn Goick GRBORLEMBarIR 141 6 hﬁclbdeaesrepmﬂﬂ Rd Qhfer GR4) - Once
the parts are so assenbl ed, each outer boss (48) is welded to the outer

band (magr bandsH{@4.d6) fromi he vens)(] 2k rdd dermiing oneslob (X3 fors@ichivaneélZied to t he
e B O e RS2 £ SR PR i) L 2L°
(20, Zgandt hej. egf newlyHif4endréd replacement vane (38) is provided for each one of
the original vanes (12). Each replacement vane (38) has an outer boss (48) formed on
an outer end (44) thereof and an inner boss (50) formed on an inner end (46) thereof.
Then, each outer boss (48) is inserted into a .corresponding c-)ne. of the outer band slots
(36), and each inner boss (50) is inserted into a cbn'e_sponding one of the inner band
slots (32). Once the parts are so assembled, each outer boss (48) is welded to the
| outer band (14) on the cold side (18), and each inner boss (50) is welded to the inner
band (16) on the cold side (24). Each replacement vane (38) is also brazed to the
outer and inner bands (14,16) on the respective hot sides (20, 26) thereof.

. Figure 4
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