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
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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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expensi ve materials, and are expensive to manufacture, jfyjpoggnerally nore
desirable to repair them whenever possible. One commbn repair process

i ncludes chemcally stripping the environmental coating, applying a braze
alloy to distressed areas to repair distress, and reapplying the

envi ronmental coating. However, such repair processes are limted by | ocal
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entire nozzle segnent in such situations, airfoil replacenent techniqgues
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line-of-sight is available wth the si'ngle vane confi gurat However ,
convempaiomal chealichl strippingebcgssasc Thatak, whénhthealtfoipivall \dasenstiageatat s because

of line-of-sight probleng. Therefore, airfoil pl acement for nultiple
vane WEGRER; Bickisssy Y 1976 sements Sty ecrenaied by 1 B 1IN FREiTSal vaged
bandsyrodddis results in airfoil- to-band joints having generally inferior

strength conpared to that of an integrally cast interface. Accordingly, it
woul d be desirable to have an airfoil replacenent technique for repairing

mul tipl e vane nozzl e segnents, in which the airfoil-fo-band joints are
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the present invention, there is provided a nethod o repairihg a turbine
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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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a hot side. The nethod includes separating the outer arga}jumosbands from
the vanes, and form ng one slot for each vane through the outer band and
one slot for each vane through the inner band. An outer end of a newy
manuf actured repl acenent vane is inserted into each one of the outer band
slots and an inner end of each newy nmanufactured replacenent vane is
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boss foornmed on an inner end thereof; formng a slot through said outer

band vaoe iseegdtied/@ribe inner bandgnahs kaltl sider Bagfhrephcenenivene isabm tHragedeach vane;

i nserti.ng each.outer bpss jnto a_.correspondi ng. one of said outer band

sl ot 40 théspuiictan daneE bnls o8 the Tepet Ve ot HeS 4 pondi ng one of sai d i nner
band sl ots; welding each outer boss to said outer band on said cold side;

vel di ng eagdotdiiieto HBMEr APedtdifhd pragint RARAkIGH) the@@isﬁ;r@ﬁhai Shdfhodbr azi ng each
repl acenent vane to said outer band on said hot side; and brazing each
r epl &6 gnpaiting antrbive sarade isagraentblavingat Lastdtvrovardsadisposed detivesy t o anot her

aspect ,. the present, inventio there is prowvi .a turhin ozzl e
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a radhdlsidd)REd Memed kevbASng: s“e?hleatiﬁ'g dgidadiflerdandOtinéd ShRids FFeh ahidl east two

vanes di sposed between said outer and inner bands, each vane bei ng wel ded
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n

each Salgir acement v A% otSi%sg%dsgid erbﬁ
and wher sai oet?% &7 g Nd W%&a Barts “4Fe B? e H&S_ I°;51 H_&é’& stfuct ur e and
sai d theresSandl & iRHM Bos§itticd GnUinCifinsrt dndCh 8, fWMEhe anlctahGughkgd and i nner
bands and said vanes are fabricated:fromthe same materi al

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 outer

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




According to another aspect of the present invention, thegpg sspsprovided 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 side; and
at Ieast two vanes disposed bet ween said outer and inner bands, each vane

bei ng. ed t.o said outer. band cold side and said jnner band col d side
and DS %ert%@“s sisragd bsmgd ez te paid olien band kot sidered spidnd hot  si de,
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from e present 1 nvention an van ages over the prior art wll
becone apparent upon reading the follow ng detailed description and the
appended cAexprdingniotdnothef especto thopresint irmeotom dimyre sgprdvided agebinBRI EF
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wi t h e éé%lrﬁﬁ mgma?fab&q#& ?chl}’ragg PR\ F’Etell gol erspecti ve
Vi ewsgfc aal sGiAGhRe bhmkdcdld rsiae Red Isezlglb%az%@%fﬁ‘dia out%f BidEhot sidg aBd RAi@N Vi ew of

the hot side of the inner band fromthe nozzle segnent of Figure 1. Figure

3 i s gnep| bend \hob\sids andewhereinspaid avtert and suree batdenaref prswionply vesdz| e segnent
Of  Flh dnd BifWafied alcondviph SRAGEANE BN wikili %Ifd:%ﬁf‘}é}t afll FTOIl vane
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Fi gure i not her per.spe Vi 0 epai red turbine nozzle segnent.
DETAMH! aﬂ)é@%—?r‘é rﬁ\ﬁ‘éﬂr‘%ﬁ% Mﬁﬁqﬁft %Q&@r"i‘l ng to the drawi ngs wherein
i dentical reference nunerals denote the sane elenents throughout the
var i @hs présemsinvéritighrand its sklomfages lovdr the @sistiae villlbebéife apFattd 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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segment 10 having three nozzle vanes 12. The vanes 12 ayg,fi fpased between
an arcuate outer band 14 and an arcuate inner band 16. The vanes 12 define
airfoils configured so as to optinmally direct the conbustion gases to a
turbine rotor (not shown) |ocated downstreamthereof. The outer and inner

bands Hgaed il enalbén prespebéve vletvast a&’@ﬂaifdﬂrtﬁfbizﬁ@ﬁﬁﬁie ReHRAari es, . :
respectively, of the gas flow through the nozzle segnent 10. The outer

band 14 has_a cold side 18 (the side facing away fromthe hot gas
f 1 owpaty T AHER DESCRIPAEONOY {THE BYYENTZONng the hot gas flowpath) and

i ncludes flanges 22 for nmounting the outer band 14 (and thus the nozzle

segnmen . t i he I i | arl the inn band 16 has a cold
si de 22‘ anéngqﬁo{%s?rgg% gﬁgl%"?%%ffnﬁgé?s ’%"ﬁé‘é%f’?’%ﬂ S gl{e??fgtlgFesagﬁch as a
f1 ange eRhentrdughogiethe & afboy Vides, BighHCT YRdls a TP PREsturk Quibiife AdRprr band 16
and al so provides a sealing function when the nozzle segnent 10 is

i nst al FeEMem I¥nhasiieg Huee Tiezlaomnee 12egienvants 1i2sarprdifposebbytweandenof a  hi gh
ual it e | oy, ch.as a cobalt qr nickel:-based per.al | oy,. and maybe
goat edxrc\?l\ngtfgh‘gugérc%%doygﬂd PBfreyate dnnegchand J6- o KBE JAnenbe Heineartdilsr coat i ng.
A gas torfiiui@l s@ngiBeopMrhally Bfbdtdhedoohbifsaba tglésc%{/ws?q{]rb?ﬁtgpaa} fnct0 arranged

. [

circunferentially in an annular configuration e the repalr nethods of
t he pr 8wy IPMQWU@E thgewotr Mbe dutee red nner bandsebpaat 16 defind theee- vane

| ow pr ure,nozzl e..segnent ,. it shoul be recogpi zed that the present
vent 105 P& RGE LA Metign d<RHvdh B BSiro e sruehdbg ReRS  and

N0zz| escpAGAE .S TH LIS baAY 19BIDE CoRf si¥@NE Bihe DI {3inf Adap ‘i‘roﬂff}{e%'t on, the
nozzl e sgfgqment 10 can experience damage such as m ght esu from | ocal
gas stgasamaenash)- ansnp dotiside2ofthé exdeifgring bhebosgasnpaepathpandhiichales As
menti oped abqy, a rtion of the zz|l e segment 10 may becone damaged to
the oS ARt mePian f61 obler bab At GRS BSeRbMv-F 6gabheph Bodsdts. The
Pr €S endngiV@BinkOBiinflarl§ ﬂa%gﬁﬁé# Hafld 3 6B Q%]@Eid@%aéé{t)f dfokifi02e Ligg Segment i n

whi ch the outer and inner bands 14, 16 are repairable whi one or nore of
t he vdadydasxoaventivmal steptineabtleas Bflangy2®f Thelfizgel2f yro2BIRS strectaabl e, t he

vanes . 12 ar hown in Fiqure | ,as. having extensjive, da e such as to be
non-r €pa Or%g? E’“W“F’égi"h‘iqﬁﬁ’éra‘%afquﬁ r Bm_ﬁﬂ?t_‘%g"ﬁg%éher B‘P%i‘tl"r vel y m nor
damagepAtt B R ihQRI Mblifenglie PREAGe LSRR 101 biorliBly AR bl € 1O
integrally cast nozzle segments, but could be used wth-other types of
nozz| diglegndiny sipsealinm] $uch 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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The repair nethod includes the principal steps of separzaftju@gzddge outer and
i nner bands 14, 16 fromthe existing vanes 12, and then jdining the

sal vaged. outer and inner bands 14, 16 to specially designed, newy

manuf act ured vane nenbers that replace the non- repairable vanes 12. Mre
speci f iekamble, tHehmbi 2 kA shotln Figurd e ok 8RGHE eRRhHPdinadeSuch B8 _engine
run nozzl e segnents returned fromthe field for servicing to i1dentify such
segnenmendepaitable while the patier aid énrsubendsaht] lionimee rilatidsly idinod Bamags | € one or
nor.e ofdthe vanelfc] 1%, are non.—reﬁai rabl e. Onge sui t abl e nozzl e, segnent 10
has bedRd AGEREITRIEy ThePreiralinyeBRon 5ot capigabletp intgrallyaseiozzleal s (such

as Cor keshans M + oG MR used §5th Sk [ present. The
coati nggén%t eri gl may bgsgtmpe@mgﬁhgﬁé Sséﬁpfetgf)slr%%fégghni gue, such as
grit blasting, chem cal baths, and the like, or by a conbination of such

t echni dbesepdihmethedtingdtidgs the ptincipelpaeps afrsapdestingtht lbetep ahé ineAdandsnner bands
14, 16_an erform di.mensi onal build-up of the flanges 22, 28, using known
repair lg’eﬁ%ﬁpﬁfgg CXIFHAS Yanes) ﬁo?‘“ﬁ?@?ﬂ%‘@‘,“%ﬁ? safvaggd jogtes gnd weieg bangisand t he
like. 14h i b | | rrd ) ed dependi ng
on t he. orat o R e FERR) faniblor R R el RIS L O or

t her matepababtle ngaes Hat Mere spedifigillyalthey injdsldstas of nid regﬁapmleﬂﬁa Bltot his tine.
The next step js to sep]%:ate the outer and innper bands 14, 16. fromthe

or i gi nHSPSAL fagIne pn nozgle, seemEAts; retupech Fpm dgdield forr sngringuetidertifiyhr ough
each v I . { hnear., band 16, t hereby
Feavi ras sSEmPRRTpBE VL Slpaid Ol SR ldF Bl 13, S I b Mg e

cut ti ngf thenvaies (er fuer nasrdpyirably. conventsunplk RARSsegm¢ti 10hadbedhr asi ve
cutti n% wh eJe,or el ectrical di scharge machi ning. After separation, the
unsal Vi a'é'éfgfr itsthoyld be gripgediet apypreaiingmepteriads Ghetess conpsionrmarthenmabds 14, 16

Ml t : o I i.rst, st inth
et Eaa coRingn iRt Bty 6, oS AR mARR okl BB, nner band

hot siay Qftabksteshaigne,i suchi gugtt Bastitlp] elehabbss 3 dediky, @ritded so t hat
there will be one recess 5 27 July 2005, for each of the replacenent
vanes . COBYHng{ipn, plsuchqteehitiquasa They nextoster i onieppit errsks # the, gwes and

corr e-sjaﬁ.f}gsagﬂs NTHRr o 0f pLEGSS %faﬁervg?auaﬁi gpﬁg.lgge& thI%an@%§§S§§, SGndr €

relative al'l 6w, and” the peri neter h™recess apprioXimat es the
ai r f oiknowmompaivedihiduee sndpbkaeknge biazitgneloy Bhikd ppeieldirgdantethedikeof form ng

t he ai,l:ﬂ‘ oi | shaped ) ) ) \ S
ese ‘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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recesses 30 is to plunge electrical discharge machine (B0, eaph recess 30.
This is acconplished using an EDM el ectrode having the airfoil shape. The
stunps renmaining fromthe renoved original vanes 12 can be used to

position the EDM el ectrode for the EDM pl unge operations. The EDM pl unges

for thefot badeofitbe egtaemEBt vARSUFoRheMe sdpnee i RNim2s alfeddntdegder BECaAUSE a

turbi ne nozzl e conprises nozzle segnents arranged in an annular array, all
of the ¥Af®sa gefreshendiagi sumbsteef rasasses oonwéhgeused. t ibe eegissm’ 30 asnt er | i ne

i t t llel. B ini ng t . 30 al |
s ¢ naetiEy; BuReft B bR ol fach dpoeh Tl aRBtIe TARt sach .
recess dofitdd beiHeSeplatniditiaidi® i JreRARE %dﬁgeﬁ’@ﬂ}%nﬁﬁ% d?@ai@fo@%‘pg,!&égﬁhs eat ed

therein. In a second step, a receiving slot 32 is nmachine t he

i nner egvdsesBOwistihiptunge ddrtnicaat dssha@e nizahinegEBMBaachset@e 30edrtds ist he af t
end of the correspondi ng ess 30 This positions the slots 32 aft of the
fl ange agg)rg@xségg nGtng c‘?”dﬁﬁiai elfctiede hé‘t’lf‘&cﬁ'\ﬁr arfoil; ghapgr | t Theoptumis i nner

band 18emdinfhys ik if2reiRed| RRibE TAEY O B 400P FRMALEMe ENGS |

corresponding to the r axes of t respective v

pr epar glectndé forvier D8 plunge op@atihies. i THedEDRBpidngesabatrtthes repesizbi cal | y,
three recesses 34 are macg’ ned (such as by plunge EDM into the outer band
hot si €U 2Hong TS AP RTH|e) ixes- 3. Bagsuse aciline moszlsr eommises inparly shal | ow,
and th j i o e 4 raxi Sy k-he ai.rfaoil tour of
‘ther eg?ggl??rtrger%%ﬁ@%ér?e]s? %h%lr{rl\lgagt ity t’e%ﬁ?)g t? cé) @%ﬁidﬁgng 7 gléfeia\’ff'% | ot 36

t hr ougbortveegeotet the ebgine's bénterlinki axie agh afcehas SoBfaralldln Byhhickagsy theach sl ot
36 is |ocat eg tﬁvvard the forward end of the corresponding recess 34 so as
to be ¥°E%5T o Aeigwebines mecy Wit ioassprond2te. theirgdiek axesspbile respeativg

manuf a e . ofiainal, vanes 12. The-
repl acgér#grgft ga\?gra{g&gg% %?@%ﬁ?%ﬂ}aig}?écg(ﬁfé}sgﬁdlﬁgﬁ gtg’gér]gﬂ g’/‘* 50§3[eﬂp?esﬁ% , has an
ai r f oi themamf i gurati on matching that of the original vanes 14. Specifically,
the 6 27 July 2005 replacenent vane 38 has a concave pressure side and a
convex, suct i OH si de Jeoi.n.ed t oget her at 5:1 | eadi ng edge 40 and at a trailing

edge 42 HitIA Bk ér EHNnEAlYny nmprhiasd dupuetythe innér band B withier boss 48
i's forgger redest H6 ‘E@El?slgp?,@'is ﬁ)&%&é%htm @ncﬁ&e%@q:oplresp n(r(;is erg %353028 1S

formed on the vane inner end e outer and inner
‘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




~extend-radially fromthe respective ends 44, 46 and ar eEr$erdosal |y
contiguous with the vane's pressure and suction sides. The outer boss 48
is located near the |l eading edge of the replacenent vane 38 and is sized
to be received within the outer band slot 36. The inner boss 50 is | ocated
al ong teMagenmginl ivage 38 dms 6f carlvave ppdsawre rsidet andaneoB@xandtion sidd joigkdt 0 be
recei ved \m thjin ta.e i Bner band sl oJ], 32.. After the machining operations are
conpl ef&Fhef Aka leafipg sdge 40 ard abp Hailing efendhard avoutergndAen Adted with
three C : ' l4€45 2 as shown
eRPUBC HTRRL é)?’%ﬂ boss k@ id @05?9%3%@20@%? 44 glgﬁr?%%con% or

in Figures 5 and The outer and inner 6 an e replacenent

vanes 8fenbessasbnfoiaed by tharearetinfgr dndetUTIRY ohessmd4Bnal b@sas, apl acenent -
vane 38 into.the correspondjng outer band slot 36, with the outer end 44

of eacRiFabraiadydim Marrspativeendy 44t and arnesspatialyroontgamsiwich et er band
: i h | t 38 i.s | ted int
he ooV s JAGuICART ARBST sffks 0 e 57 toRPHE BN B e il O

r epl acefmbetrepacancdd vasé DG an@as Sided fo bbecceBlc SHRANHGuENPAId sibgy] recess
30. As_shown in Figure 5, the outer bosses 48 extend through the outer

band s¥bt Bngebass 54s's deratedorlpug thepieaibing edgveofdhe seplavementving 38 atel i88.
Simlagly,, the inner. es 50, ext end, .t hrough the inner band slots 32 so
as toa%%o trol?gereﬁé‘il%‘@“&ﬁéﬁe]'Wﬁ%Parﬁgﬁ@d%zol d side 24, as shown in Figure 6.
The parts are then joined together with a conbination of welding and

br azi ngfiert the muciiingg ofératorisSard €6MIRIE lIRssdPyaghd® btich Bnd iR bR 140ss- band
interfaces on the <cold sides of the outer and i nner bands 14, 16. That s,

t he outGetressicentlegl with\ibregagpleeemenieranes 2% tofonia cispaired derd@segadt t he i nner

boss . t { pn band _col d ide.24 The.joinin ocess al so
inclu e§k§$§§%3593$%ﬁb??%%ga?%?8FF?S%%H“?ﬁﬁ%&#é%ﬁgi%ﬁﬁh%ﬁ@ﬁﬁﬁﬁ“gides of the
out er \anek BoRey afambied ¥y inkrtinkhthe oues Woks 48 B ehéPRPIaRhEni 0k 8 that take
the bul k of the stresses in the repaired nozzle segnent 52 and braze joints

t hat BB@dhe corpspepdingdivterthaad slatdifs evith the oyter\iad ditmf caoh répdadsmredt col d si des

18, 2 I ides;.eas | d acce r.all ;thr epl acenent
vanes ,Zba{]% ég é B%gé%%t%% ?I?tgheﬁ?gﬂyeigﬁ%qd]% 9%%\%“%6 Fobr 2%13 tfﬁ’S P Ib)‘? Sses(gg’f i 2 nced
W th readh rqplazemenevanezyd B i8gTENThe thetopRepdddRipthh &b £ALI6H I REith t he bosses

48, 50 are welded to the corresponding bands 14, 16 using a | ow energy
*wel di HF prscedsitokachdcplpesment ﬁ’abéé%%ﬁléllecﬁeﬁgd #t thel egsiegponding 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




shrouded are wel ding. Low energy wel ding provides good ﬁﬂm@n bondi ng -
wth a relatively small amount of heat input. One preferr razi ng
operation would be to pack the airfoil-band interfaces on the band hot
sides with braze powder. The assenbly is then placed in a furnace and

br azed préVid&r caby el cRELIR ] hARESpIACena &ande Bierétyi ARAUiHL tRdBneUt er and
i nner bands 14, 16, any corrosion or thermal coatings that were originally

used apé&sighbpiobleas nonmallk axpamicnegdhwith nitéple wang nozzbe segmepti red nozzl e
- segnent 52 that neets the new make part function and strength requirenents

t | f d di L | 38
Fabr i c B EBRer ol e BhieEf £t e Vtie O Mt FRABF BBhbD s, 16 10
produce4ad aﬂgf B Q6w e OwSIAEHFEbceRd sudla elb@idd Bdand RRIdIRS 6F pRkmAT operti es

of the origi n nozzl e segment” '10. However, in another preferred
enbodi satded dre waddingc dmwen enargn el ditg arcavideatgood atiffdsibn dondingdvith er ent

mat eri al,,..preferably an | oy havi enhanced material. properties. It is
of ten ret]’ﬂb‘)%b’a%alf Hﬁ‘%’uﬂh?ﬂﬁt gﬁ@‘ts é?‘% E@queﬁ}rg;m& OBELLPY r"ﬁ?‘ﬁ‘é%é MBine
COMPONgRY FHCHirRA-ind PG e SUMBRL band RS 1|@93 HiltPY¥fazaUpdvidire TRE use with

such conponents are developed. Traditionally, engine operators would have
t o r ephsmembbxis dtenndaced ompdumiatsamd briazatie A temthe neidenfeabrarea38chalve om t he

inmproved alloy to realize.the ephanced material properties, However, by
fabri c]é"t‘ﬁ“d@m?%ﬂ@ &'Qﬂuéﬁfé‘ﬁgl‘l‘ﬂ“e\?gﬁ%% lfg(igsr%mf‘ﬁé‘oﬁ?ﬁr%‘?f@&i 603tpgs thake repaired

nozz| ew&%g:{;%gﬁa#géls% hie @%ﬁeﬂ in E%B%tnéaﬁngﬁ "?Hé‘ﬁéé{ﬁﬁg’sda fafibd AbzANE OPET L €s.

The foreg descri an 1 nproved repair r turbine nozzle
segneregment\i? [thatsipests fthe newhmdkerpatt Sundtionhendpsteagiit réqurenienBnathave been
described, it will be apparent to those skilled in the art that various
modi fi1OXET 6% thereto can be made without departing fromthe scope of the
i nvention as defined in the appended clains. 8 27 July 2005 CLAIMS 1. A

O Sposag e B e P B na Pty R T L er
bands mneatehaldsfthepnigr and oirgr baidiel 44 @ ta phwluce adepaidimbzrletseguientoiBor i si ng:
that retains the material properties of the original nozzle segment 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 enhanced

" 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.




separating said outer and inner bands from sai d vanes; 3;12013 a slot

t hrough said outer band for each vane; formng a slot thr ugh said inner
band for each vane; inserting an outer end of a newy manufactured

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

i nner end of each newly manufactured repl acenent vane into one of said
inner band slots; welding each gepjggenent vane to said outer band on said
col d side; meldlng each repl acenent vane to said inner band on said cold
side; Dbrazing each replacenent vane to said outer band on said hot side;
and bmmeﬂ@daﬁamaiﬂm aMtnovdaﬁeglneméiadirﬂgmnéﬂfasib‘amdvms dizpdsedot si de. 2.

The aiml furt r|S|n for shal |.ow, |rf0|I-shaped
rece ‘?anﬁ‘lfi aﬁ%ﬁ?@f &b”f‘d%l gﬁ%g eéﬁbﬂgﬂ%%aﬁ? dsai d outer
band sgjeq{ng al}ﬂgigecyaﬁﬂggﬁgd%ﬁlﬁllg}ng’l correspondl ng one of said outer band
recesses; and formng a shallow, airfoil-shaped recess in said inner band

hot side for each vane, each one of said inner band slots being disposed
W|th|SﬁPfaafmﬁﬂaé%®6¢rcﬁn|dgnmﬁﬁéamisanaaldNnms band recesses. 9 27 July 2005 3.
The met hod of claim2 wherein said outer end of each replacenment vane is

seat 'eig ﬁ%lrogg{ré@%pn%%&ﬂgrboa% gres%@' d Qut er band recesses and said inner

end o vane i s {8 in a correspondi ng one of said
i nner band recesses. 4. The nmethod of claim 1l wherein each replacenent vane
i s webahaidg b elos dirdughdaéd inbertehnd dnckatlovasi d i nner band using a | ow energy
wel di ng process. 5. The nethod of claim 1 wherein separating said outer and
i nner,__bands froms &3 vanes coppri ses cuttl ng t hrough each vane near said
out erPSERPE Fq-Ruter a a ngwhyrpnylastyesd rgpl aﬁﬁfné‘?%"ﬁnq‘%‘i??é’ho@@ﬁﬁ 9ding the step
of repakbhfisid@mge in said outer and inner bands. 7. The nethod of claim
1 wherein each Teplacenent vane is fabricated fromthe same material as
said outer and inner bands.

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.




8. The method of claim1 wherein each replacenment vane 4 uiffqucat ed froma
material that has enhanced material properties with respect to the
material that said outer and inner bands are fabricated from 9. A nethod
of repairing a turbine nozzle segnment having at |east two vanes di sposed
between radially outer and inner bands, said outer and inner bands each
defi nj g, anGR d;ﬁ’ofahﬁ%sa%%ﬂ%re%? 094 oﬁteﬁignd RN TEHAO GPURI 8 50eq fEPAT AL NG
sai d outerand Inner bands fromsaid vanes, p?ow ing a néwy manufactured

r epl acesraRpontimeoicost saRicdut@NRAnd eceties and£8S innep&dl SMRch Eﬁcfpl@ain@ntr epl acenent
vanes having an outer boss forned on an outer end thereof and an inner

boss Yi@F Ae¥alsd 1A comerppnding onhel seist innerhagil mereases| ot t hr ough sai d outer band
for each vane; formng a slot through said inner band for each vane;

| nserj i@ Hakd BHLIGHn E%réiﬂkgchareﬁ%&ﬁérﬁ%ﬂé (9 Q0&1 B sa?@hlgtep? f band

slots; 1nserting each 1 nner boss into a correspondi ng one of said inner
band aiddb said itier BandJuding 21d0benevget weldnggacdesout er boss to sai d outer band on
said cold side; welding each inner boss to said inner band on said cold

si de; azin a repl acenent vane to .said outer band on. said, hot side;
and %?’é‘ﬁ ng’eﬁcoﬁfh %Bf) L CHERID SSERAURS Sug; Qiter, g IBSi BPIGR TR 2ot i de. | 10.
The nghBOghrises éktﬂh@ttﬁél[ﬂg‘lﬂ%&h GEHIH P s outbPad iRferdaifil | oW, airfoil-shaped
recess in said outer band hot side for each vane, each one of said outer
band sl ots bei ng di sposed within a correspondi ng one of said outer band

r eceds ddie mathod of glaingl furtiencooprising Hieoitér efrepaidng dawsgs inrsaslkduderi nner band
hot sige fo&@&gch vane, each one of said inner band slots being di sposed

wi t hi "D pondi ng one of said inner band recesses. 11. The mnet hod of
claim 10 wherein said outer end of each replacenent vane is seated in a

COr I €& TkBdhéthod bEclaim $ allkréibiteath Rpdemefenness sibeicsed GronnfiRrsaftiRd of each
repl acenent vane is seated in a correspondi ng one of said inner band

r ecedndterial pp saigipaterandipgeiands.ai m 9, wherein each outer boss is wel ded to
sai d outer band and

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




each inner boss is welded to said inner band using a Iqwqgggﬂg% wel di ng
process. 13. The nethod of claim9, wherein separating said outer and inner
bands fromsaid vanes conprises cutting through each vane near said outer
and i nner bands. 14. The nethod of claim9 further conprising the step of
repairing damage in said outer and inner bands. 15. The nethod of claim9
wher I &R, romthe sane nmaterial as said
outes}lréld g?%ﬁ%r %g%%SBQ%KW thﬁdBﬁQ%H%?H%ﬁg{n]g wherei n each repl acenent
vane is fabricated froma material that has enhanced nmaterial properties
wi t h waldipe eachtipnerbesntetseid inherthand os adid coldisate; and i nner bands are
fabricated from 11 27 July 2005 17. A turbine nozzle segnent conpri sing:
ara |a og%g Q ﬁVInﬂ { ggﬁr and, a h%t Si a radial inner band
havi n§A"&s1°d " %fgmgﬂ vage %Fm oagr o Kot stde; vanes di sposed bet ween
said outer and inner bands, each vane being welded to said outer band cold
si de baishsaiH réphemehense tobdd sidebancbhaidwntbigezed to said outer band hot
side and said i nner band hot side, and wherein said outer and inner bands
are preyvjously used, structure and said vanes are new y manufact ured
strLu%%ﬂhp“wﬁﬁénghn%ﬁﬁH“@ﬁpﬁmpgﬁéginner bands and said vanes are
fabricated fromthe sane naterial. 18. A turbine nozzle segnent

Com%lﬁrgﬁ%a sﬁ‘alfo%g'aﬂ'k’mpwéﬁ 5% iR3YhY e?bgl?ﬁ ﬂot%ﬁ qo Q’%h% pgtea pde; a radial

i nner having a co A hot t WO vanes

di spoaedflsiiwees taal dmsjbahgmosémarﬁthha@ d@rre@@ﬁ&mgm@ dfehii@utepel ded to
said outer band cold side and said inner band cold side and being brazed to
sai d baud recessemaandhot si de and said i nner band hot side, and wherein said
outer and inner bands are previously used structure and said vanes are

et oo R n SEAERE SfiiHRb Feeu ST it B 4&%“5% B &adper &g he"
mat %h@lofeaat iR n@ YR bélﬂ% dipBsid PRRHS, @Jr?es% éﬁeeﬁlf §4i@%net9- The

met hod of claim9 wherein each one of said nt vanes has a | eading
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




edge and a trailing edge, said outer boss of each repl Yogsane being

| ocated near said |eading edge and said i nner boss of ‘eaclt repl acenent
vane being located along said trailing edge. Ila 27 July 2005 TURBI NE
NOZZLE SEGVENT AND METHOD OF REPAI RI NG SAME ABSTRACT OF THE DI SCLOSURE A
met hod for repairing a turbine nozzle segnent (10) having at |east two

vanes; %Zalrbi.ﬁér?&%fee glgl%lglv&lﬁ‘%ﬁl yt.er and i nner bands (14, 16) i ncludes

separating the outer €r ®*bands (14, 16) fromthe vanes (12), and
form ng . one slot (36) for_each vane (1 t hrough the outer band (14) and

- one sqlgfilaP%‘g?rl?‘r’&fi(héﬁ%‘ﬁa\FQH&lgel%dEilllﬂtélfé%‘u the inner band (16). A newy

manuf act ured repl acenment vane. (382 is provided for each one of the

or i giataflial mnesband hrvingaceld s sidgparel (38) has an outer boss (48)

formed on an outer end (44) thereof and an inner boss (50) fornmed on an

i nnerat deadt (tW6) vanbe dépbsed Bétaren esidhowett aid hors Haddd, dash ivasemkrd i nto a
correspondi ng one of the outer band slots (36), and each inner boss (50)

i s i rsddedte sait euter bandreedd sideiand) sud dnnst bapdcold sede a@dmtlir;gdgrezesi tpﬁz) . Once

h nbl ed, . ter. 8).1is. to t ter
 band TG iR BoE g AR Fa s Barkl it B ikin S b Rndaig e ot he
I NNempandafd dréfdudP ubdiestrte 3hdl§aill 2Anes zﬁ@%?w‘lyeﬁlaﬁﬁﬁgﬁfgd MRRAIré,38) 1s also

e ) .
brazed to the outer and inner bands (14,16) on the respective hot sides
(20, v@&rein hmardeofiter Rinduineerdbails and said vanes are fabricated from the same

material.

18. 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 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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