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SAME BACKGROUND OF THE | NVENTION This invention relates generally to gas
turbine engines and nmore particularly to the repair of turbine nozzle
segnents used in such engines. A gas turbine engine includes a conpressor
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with fuel and ignited for generating hot conbustion gases. These gases .
fl ow downs ur hi ' at- extracts energy therefromto
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in flight. Gas turbine engines typically include stationary turbine nozzles
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are typi cahhyesflmnce engind performma@iby hppfbpﬂﬁ‘ehyrmﬂﬁaibﬂg ga¥ flow @ndl prossas
superal | oys, and. are_often coated with corrosi on,  and/or heat resistant

materials. the turbine seqtion. &n Tatinstage turbine sestions fyrbingozzles are placed gh
pressure tgipl € bf 84bh 3fin® %t‘éﬁ@to d domh%ﬁ]ﬁ* #%égﬂ% gl%quﬁ]ﬂeggogérh

extracted fromthe conpressor to-prolong service /
efforts, pocated ﬂewn‘stré.dme of rthe nbezle.e grarbing , nogslet iaraitypidally segmuted rourdan
suf fer parﬁ acki material _ erosion due to oxidation and

nt. met cragckin
cor rosi on, & YR ?m&éﬁﬁf@egwéwafh 802715 gegpent|having one or more airfoil vanes
disposed between inner and outer bands that define the radial flowpath boundaries for

the hot combustion gases flowing through the nozzle. These nozzle segments are
mounted to the engine casing to form an annular array with the vanes extendiﬁg

radially between the rotor blades of adjacent turbine stages.

During operation, nezzle 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 high pressure turbine section) are often cooled internally with coolihg 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
1



segnents nmust be ei ther repai.red or replaced to nmaintain safe, efficient
engi ne operation. Because nozzle segnents are conplex in design, are nade
of relatively expensive materials, and are expensive to manufacture, it is
general ly nore desirable to repair them whenever possible. One common .
repair proGapensi Ve matteals; Radaablpensive itd Phamhfddhgre SIS g&mw floré &ditablb
applying a braze alloy to distressed areas to repair distress, and

re- appl yi ndo repair themi whenewen pdssibleat i ng. However, such repair processes are
limted by local distortion and under mninmum wall thicknesses, which may

be exceedeq,as a result .of repeat.e repai r.. and chenjcal .stripping .
processes. q’ﬂ?a?"“i“??“m piogess;ipelgfes %ﬂ%?’cﬂ&'e ngﬁbwﬂ‘&mﬂﬂlﬁﬁﬁkﬁﬂaﬁn& '
t hi.ckness, ahhRiMPaZbazs o QREA el RistieBE ) '
process. Tobg]?‘o% scrappi ng t he enf%{eggﬁﬁ%sgz er seg?ésnt |’n5{£\£€aé@?ﬁi§{lthgns,
airfoil repghurenmental ¢coatingi dloveevin seclbrepairdeoadssgade lifliteddytloadlrdigtottion

r epl acenent ' vane ,segnents conprise renpving the

echni ques for sipgle .
di st ressed HBH‘FH%?H’PW@‘ Wﬁﬁéglc nesses MEHCh By de excaeded) asi axgsult o€ veneatedoi |

to the sal g(ian? . : ' . Al id LSe- fromthe
bands, a s%l%p 0 %%&gbﬁgﬁ%ﬁkﬁ%ﬁesﬁﬂéﬁ}@%ghﬁgﬁ ‘gfﬁ?@?ﬁ ngt ?et‘a
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segnents because the required line-of-sight is available with the single

vane confi BI#C&S% on. However, conventional- welding is not practical with
mul ti pl e vane segnents because of |ine-of-sight problens. Therefore,

airfoil. reghags : gﬁgﬂ? t whj Y. 1,8€s _brazi ng
new airfoil s%@ﬁ%a@ﬁ%%ge%@gﬁg\é% L re%?‘f%’ %ﬁiagﬁb%’oﬁl@ﬂ?%élg‘gmtoi nts
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i nterface._ Accordi n%pr i1 woul d be desirable to_have an airfoil

r epl acenentACSERMERGCopyIise reaying dhe distresssd vape from the Anpergmdrastersbands whi ch

the airfoiigd QreRBRS d AEW uj [t or tgr k. e.

joints in %nr?t gll’l gl%eﬂ ﬁ)é/v@na;iﬁlgilgt& E@e%?vﬂééglbeatn(ag'egrren %R@’%MW& THE

| NVENTI ON reheved diom i bamdsed sherpl off sheretigingl sinfoilprenséms, The a8wi gifoil i ch

provi des a
w

g]ﬁ%@ Otg these stumps. Airfoil welding works well with single vane segments
because the 'required line—of-sight is available with the single vane boriﬁguration.
However, conventional welding is not practical with multiple vane segments because
of line-of-sight problems. ']‘hereforé, 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

The above-mentioned need is met by the present invention, which provides a method-

of repairing a turbine nozzle segment having at least two vanes disposed between
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of repairing a turbine nozzle segnent having at |east two vanes di sposed
between 2 outer and inner bands. The nethod includes separating the olter
and i nner bands from the vanes, and form ng one slot for each vane through
t he outer band and one slot for each vane through the-inner band. A newy

manuf act ur eshtérepiddnserbahdy, aTke hﬁthdariﬁuhd@skeio%ﬁﬁ?% dié b ihfe bahd OFoR
vanes. Each repl acenent vane has an outer boss ornmed on an outer end

t her eof andheianesnand fuming onerslot for each ivanethreugh the eutenband hd one elat forout er
boss is inserted into a,correspondi ng qne of the quter.band slots, and
each inner 684 W&f’ M@Br@"@orﬁegs‘ﬁmm@“gw@fs‘? rFﬂé"‘?‘ﬂ%rv@gnﬁ
slots. OnCeyrbiided Roi dach Bhe PR ! .%x@gfa ' gﬁtgr t he
out er bandq)(;n the cold sf]dg, an fei?aic‘};?ﬂfgsnner 0 S@%ggméega%’%{ e ?’ﬁsﬁer
band on t hdonnédioniaeoutEnend tisptafcankea inneabess foraledmbamimibrtepdt therepflt er
and i nner \tﬂ{%gs on the respective hot sides thereof. The present invention
()
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the foll ow | ks B e . | i th reference
Lo° the oo chth SRERbLSETS SRHEN B A LoApdip ARREQF Y iflep ol ok OFLeH8
subj ect naiphss atesd assembldaeaddowter boks is Wetdid tonthe SufR band bhahé ¥oldXidd, ed
out and distinctly. clained in the concluding part of the specification.

]'cl'hleI i nvent Iaﬁﬁil,ea(ﬂbméb‘?ss Woyelded tothe imqeb@ﬂmﬂwﬁkbsidﬁe Fiach replacement
tgur s n s s it dal Fhe bite B0 {88 bads ofithd respiese BRERRE hibof b no

nozzle segment. Figure 2 is a plan view of the hot side of the inner band
from t he nohepeesemgineaitionf andFitsgadvanthges e ke Pribrearbwill Becorie r!menﬁ Aok Ot
side of the 8ut er band fromthe nozzle segnent of Figure 1. Figure 4 i's a

per spect i vEFaIg thgfollowing) detailadrdeseription and, theerpperded; dlaimsewith peferenee ttod
of the pre%%c%@éﬁg{i#é)&aggﬁ&gre 5 is a perspective view of ..a repaired

tur bi ne nozzl e

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 segmenf of
Figure 1.

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

of the present invention.

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



Figure 6 is another perspective view of a repaired turbine nozzle segnent.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs wherein

i dentical reference nunmerals denote the sane elenents throughout the
various views, Figure 1 shows a | ow pressure turbine nozzle segnment 10
havi ng t hr cEigneAzisanother persfectiVe erieraofs repaired turbiine pozzld segheiten an -arcuat e
outer band 14 and an arcuate inner band 16. The vanes 12 define airfoils '
configured ' i nbustion gases to a turbine

rotor (not 3@?3%#&@@%@@’5%9??@%@%@5@5@ The outer and inner bands 14
and 16 define the outer and inner radial boundaries, respectively, of the
gas flowt : . 4 side
18 (the si g(e acl ngﬁ%?ﬂvfﬁgﬁft e ﬁgtﬁ%%%mﬁfﬁm%%h a%gf'sad%g)?_e ?l’%%% (the -
si de faci nglémenthdiroggimout kisewaidus viewsk, Rigdre deshows ladbgepredstiré firbie wokzleg t he

outer band 14 (and thus the nozzle segnent 10) to the engi ne casing.
Simlarly, segoent Hbavipg threeenozgle vanes|12. siThe vanesahdl age Hispossddbetweem an

i ncl udes ¢ | YC, h, as | a . The f 28. provi des
St uct ar al PR BAEPbaRd 14 4 8 WWSls Dt b8, Dhe trited ZOEng PrpIS
function weenfifired %0zad & optifiaHtditech thd SomBistRn| Sabel o A 1@ B fotor! (Hot
nozzl e segnent 10 is preferably made of a high quality superall oy, such as

a cobal t osh¢waklecatsd slewnsiueam therenf, Ehedouteryanskinoersbands Idiand 16 definedthe on

I st ant L.al. and/ t,h L b ' ting. A T hj [
w11 ol ulBte o pP el peSiics, Bventtvelt S Pe eat Y lothea tie apaipy 1 n
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invention are described herein with respect to a three-vane | ow pressure

nozz: Ie seg geshflowpathy Iﬂoﬁ!adhoﬂzﬁédt? 20 dthei side) facing thetwt maeﬁkx;maﬂl)v?ﬂ inchudes
havi ng” any BanER i Spdulibe B G g T Capg o o Sl segagn d g bt 10,

can experi efyifie OaEg ©SHihildy thelirtief barldF6'hhs & COI 486 24 a88% KIt'sRRD6 and
over-tenperature or foréign objects inpacti rr% t hereon. As rrentloneénabove,

a portion Breludse copentienal simeture awhrasya flange?8. Fhecllrage 28 providepstiurturaher e
it t al ir. . T o ti [
i rectoq  aPRoRaBE S haliOVE ahE B HBIRRE RRlng HindiioR o BRI and
i nner bandsegmibfit 106s fisalle@ Rtiah BnpMeVMTHehd2BR sREmER! FO & pref@abipResielot A1 ©

non-repai rabl e. By way of .
high quality supéralloy, 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 repognized that the present invention is equally applicable to iligh pressure nozzle

segﬁaents 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 pprtion of thc‘nozz]e 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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4 exanple, the vanes 12 are shown in Figure 1 as having extensive damage
such as to be non-repairable while the outer and inner bands 14, 16 have
relatively m nor damage and are repairable. The present invention is nost
applicable to integrally cast nozzle segnents, but could be used with

ot her typesexamphe) ilzé eance §2mnd showm inFiureThas haeing extensiveatiniage suctess tolbe
principal steps of .separating the qQuter and inner-bands 14, 16 fromthe-
exi sting vdifgkrepairable whilsthe oytesiand inper bandy dde 6 baverelatively mivor dawrge 14,

16 to specigly [ d,mne f d _vane. ers- that replace the
non- repai ra% I%e g@%&@%zﬂwgg esng%?}@éﬁ% 6",08'1 ﬁ{é]’?’icﬁc‘ﬁ??%ﬂ’iS%’éBYSf‘S‘t‘ﬁ’éZ epair
net hod i s- tsegmensiaficolddtie\Bel With\Gthél §peLarRizEe se@hbnts aslwlellom the fiel d

for servici n%mto ,iqggntify such segnents 10 .t hat h%i\}e repairabl e outer and

i nner bands_14, 16, while one or nore of the vanes 12 are non-repairable.
Once a sui tlAwiTepaiomethodsaghvdes thepringipabsieps of skparating ¢k outer sibinngr bands
stripped of, a coaling.naterial S as.corrosi on or thernpl resistant
coat i ngs) t]ﬁa?gﬁﬂp_ {?8 %Psé’QérYPPesrf?e_ ngﬁmnﬁﬁg Isgﬁaggi,ogtgr gﬂqﬁnﬁﬁ% i ng
any sui t ablg, 16¢\cdiily desiphied heWly mdMufnired vasd Bidinbets that dplace ik Adie
i ke, or by a conbinafion of 'such”techniques. The next step Is to repair

cracks in rémsinsbleeyangnd2. i Mare dpecifically,, the Gnitiall stepr 6D the wpaimn'ethndlr:'s to
buil d-up of_the flanges 22,.28, usin kn repai_r chni ques such. as

al | oy br az P WRSLMERF B PP, SCERRes ﬂﬁ“‘é‘ﬁg\,}?‘?i’é ¢ @él.dt F"TWQ&‘@“@SWéﬁ%‘F&ﬁI
repairs w e i ; ' et e
outer and Hl]c%gsr% bangss%%ag.% T y%ﬁ?@gﬁwg?&tﬁgﬁgf’ @ggﬁﬁl&é}g@toﬁ{or%\er e
ori gi nal | yofidesi vanes Hdtare eappepaiciblet Orice 4 switablel hozzie stgmemtpl 0 has been

h . and inner. bands 14, 16. f th i gi nal, 12.
Separ at 1 onegnieddn e B Sipned ob any odtrismRs dmeb Aeirovasion o tamel { ne
outer  banfbsifantREatigA) tdl Gnéﬁ‘ﬂ@?g&éﬁ@ The c&rﬂﬁfg%&e}iﬁlaﬁiag%egsg?%@ﬁr%e“h

vane on the outer and inner “ban 14, 16. e cutting c rmed by
any convenaiy suitable tachniquec suchs as grit blaating,echeatital rimpthi) eal the likeg of biycal

di scharge machi ni.ng. .After separatign, the unsal vageable s{ruycture is
scrapped, W8 ’f‘ﬂJéO’ngé‘r‘éﬁfP&ﬁPﬁﬁssr Lrg‘ﬁrﬂﬁt $tep 1§ do geRain cragks wythepputeromd ng ¢ o
the repl acmaBNba®NRE - 167 BAd fpefdtm ifRnbiBnilGujld-fY OF he MinBEePRT 26 1 Yid S tO
machi ne three recessés 30 1Mto the rnner band dh{(;jﬁI sitge?%gg > ¢

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 cofrosion 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 oﬁginal vanes
12. Separation is accomplished by rough cutting through each vane 12 near the outer
band 14 and near ihe 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.

Afler separation, the unsalvageable structure is scrapped, and the outér 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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as shown in Figure 2. Three recesses 30 are.provided so that there will be
one recess 5 for each of the replacenent vanes. For nozzle segnents having
a different nunber of vanes,. a corresponding nunber of recesses would be
used. The recesses 30 are relatively shallow, and the perineter of each
recess 30 #mppeach ioﬁﬂiee&pldcemahﬁamiek Fonmzzl:r segfnemtsd:avéng adiffarent nuawtes of One

preferred manner of form.ng ai 0|I recesses, 30 is to_plunge
el ect ri cal Vamese RafQeEcspandi F‘Ee‘“{‘%ﬂ% e&&ﬁss% Sﬁar s 1pg re%\"(?é@ﬁrﬁs Wfed
usi ng an t | from
t he remv%ﬂ%’? Shmvahg}s‘a ?gec&akgingéé%ggtfa@gqg%&st I on ]{) ea(l;:&tﬂrﬁgde _

for .the EMﬁbmhevaaxﬁaecﬁagﬂr euaaa&nharoﬂmniﬂgrmeairﬁﬁpﬁﬁpad 30
occur along three non-parallel axes ecause a turbine nozzle conprises

nozzl e semmes 3Qris 4o phmge relestricah dmchargam@;nneaﬁBDM) eadheregessalf). dEhisrie
di al h | th
o o Y 35, FDM! SoBRRl S BT s 06 b

corres pondreh?a;ﬁfﬁ@ o8 e ﬁ%ﬁﬁe&foﬁﬁhﬁ] FRREE D! ¥ bé’ HI6SF to %ﬁlohe&l%%l\&
oriented so that "the correspondi ng vane can-be properly-seated therei-n. In

a second selegtrode foethei BDMjpBinge opératiensreiie EDM phangesyfor thnethrearecessen3 16
within each recess 30. Each k t 32 is | ocated t he fft end of t@i
cor r espondfFyT ralns dirgp nonarallel xes; oRecANe a fusbioe Jozzle cOPINS PeZAge 28

so as not ae%,&?.ggoagﬁxgédhﬁj ' h'ﬁ{dl’érabna%nél?%ﬂ the Pdnes h@eﬂﬂ%”?a{dxaha%fkn slfhat The

slots 32 ¢ or ne pl unge 'EDM al ong axes correspon g to the
radi al axesonvkrgehte the&pgm‘e‘smntcdmaxﬂ Iand carﬁ thus lmtl gamtleh aByxtmanhinisg Whe y '
simlar to the ingnper band pre |on I thre ecesses 34 are
mchi ned. (BHEReh 30 FoRs BGEC EE Ut rieRBoie, fu o Eadial ies O dhe Fopesave homn
in Figure gmedh&chGe&3S & oriéntdd So tﬁ:*t Héfn Qine 3l HePio g y BBhk&l Of
each recess 34 approxtmates the air con f the repllacenent vanes.

The next themm.is to nmachine a receivi ng sl ot 36 t hrough the outer band 14
within each recess 34. In this case, each slot 36 is |ocated toward the

forward end of th orrespandi n ess 4 5qQ, as be situated befween

the two T30S S GURBSTE 0k 52 ih Rac) R TORE JPE s pEnd § O BBt o

repl acemendach eécebd$0.0Habh SR 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 perimetel; of
each recess 34 approximates the airfoil contour of the replacement vanes. The next
step is to machine a recéiving 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 so as to be situated between tlie two flanges 22.

Figure 4 shows a new]);_-mani:factured 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
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vanes 12. The replacenent vane 38, which is typically an integrally cast

menber, has. an airfoil configuration matching that of the original vanes
14. Specifically, the 6 - ---------- -- repl acenent vane 38 has a concave
pressure side and a convex suction side joined together at a | eading edge
40 and at aeplaegméentgvand 38 Has arcdncaveopressure side afidam donvexi suction sidedjodied A .

nner boss WEFREH 3 1Adipe sl anlrl a tRalRG edas o vl md snmper
bosses 48, eaf 468XA SHst 61‘aéﬂttﬁlj %(%sgfﬁqg%fﬁ?ecf & BfeNdnY %uﬁ?%ﬁd%’ afl® aéggonixﬁ'e

essentially contiguous w vane's pressure and suctlon si

out er boss idiEribess 50 & fomiedam theavahe fidiengnd dge mfoméﬁnﬂqﬁhmm%{@me 38
and is sized to be received within the outer band slot 36. The inner boss

50 i s | ocatdtendrediglly frem thgiresnegtivaiendsdid, dh and ars essentially contiguas Vﬁilﬂdthes _
i zed b i it hin. t he A | Ofo 32, Afier t
operat i ons TGS BlekSfte bhd ShetioeSab) "Fhe 833K 34 he ¥ inedibd Hlar/be 16p0iny glea?

assenbl ed of te ieplaeemeRPvaRIBRad aiaR Bod RcEVEIWAMILER SiRer PARZ4S: 569Nt
52 as shown in Figures 5 and 6. The outer and inner bands 14, 16 and the

r epl acenenihe jznes dogsSQisclogated alsingthe yrailingeedgerof theweplacementrvae IBamt iseach
repl acenent._ v 38: Jinto.the.carrespondi outer band slot 36, with the:
outer end ﬁ'ﬁe(gﬂ) %%ﬁ“?&%ﬁé‘@é’h&?ﬂmv}ﬁ@gé@?géi ng seated in the corresponding
outer band recess 34. The inner'boss 50 of each replacenent vane 38 is

i nserted i Afer Manﬁaﬁﬁiﬁgﬁ%@ﬁﬂtmﬁs aft\@mpleted, SleQhlvaged YhicPand ffhel BASds R0 46

of each replacenment_ vane 38 being seated in the correspondi ng inner and
recess 30. lGaresasembled vl three sepladement vanestisstodorm@ xepaisedinoinle segmertte

Sl ar by 5% S 1A sl e Chle ot T RGer tona® Fhr L Alihe Fontedness o0
as. 10 prowdneslS8hay aBstnibled by iNSurting itk 60t b64sI88 f cadSreplitdthehf vinds§ e ©.

The parts are then jaoined together with . a conbination of welding and
brazing tiBkhihegeeesponding putepbanthplot Shewiththowoir end 4t efgach eeflacemdntind

i nterface: the. i f th t d i .14, ..16. _That is,
the outer 188 Hing KalediniBE sSmosplRaRe. i Hia (B afadhe st s fLOF e
boss 50 i scadkiréfsidodntent René BBES indened @tbdhe corresponding inner band slot 32, with

the inner end 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 ihner band cold
side 24. The joining process also includes brazing along the airfoil-band interfaces on
the hot sides of the outer and inner band_s 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



side 24. The joining process ‘al so includes brazing along the airfoil-band
Interfaces 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 nozzl e segnent 52 -and-braze joints that becone fillet radii that
reduce strgyevideg e@ﬁyngeld raceess fomald thret deplackeent aned therehyr aoiding theabipevel d

access for L thr Iac nt v.an thereby avoiding the. |ine-
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coatings tipatk therirfeil-baiddhleyfacssedn ahe baad it sides With bR@enps@mdvier Théhe
result is a repaired nozzle segnment 52 that neets the new nake part
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However, in another i)referred enbodi nent, the replacenent vanes 38 are

fabri cat edSagmsmt 52 that meetsthenagve makie, pat dangtion] andastrengtio yedviremegtseathanced -
mat eri al Pi RS ées It is often the tase that during the service life of
a gas turbine engine conponent such as a nozzle segment, inproved al | oys
suitable for use with such conponents are developed. Traditionally, engine
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enhanced naterial propert
a_nother preferred’ embod1ment, 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 seg;nent, improved alloys suitable for use with such compornents are
developed.  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 enharlced
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 in the art that various modifications thereto can be made

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



The foregoi ng has described an inproved repair nmethod fof turbine nozzle
segnents. Wil e specific enbodi nents of the.present. invention have been
described, it will be apparent to those skilled in.the art that various
nodi fications thereto can be nade w thout departing - fromthe scope Q
the invention as defined in the appendectaaMsi ns. 8 CLAM 1. A nethod of -
repairing a turbine nozzle segnent (10) having at |east two vanes (12) =
di sposed béetween. outer and inner bands (14,16), said outer and inner bands
(14,16) eath Alnlethodraf repairihg atindbine idzzleZsegmenti(19) hating iatileastido Vines (B2) d
met hod conpr | s‘imr;%: separating_said outer and inner bands,  (14,16) fromsaid
vanes (12): dispesedrhgtween ovter 3ad inner hagds £14,46) seidroyterand inmer bandse@dsl @ane

meer ting apedRem I pdeli 8. b het ARE RA RS el el RS 5)
into each one of said outer band slots (36); inserting an inner end (46)

of eaCh'ne%e?afmﬁgfsaﬁ_fdﬂi&{hnmﬁh&%m(]4\,/m)€ﬁ-dn3§éidivﬁh& (1eye of said inner’
band slots (32); welding each replacenent vane (38) to said outer band (14)

on said cold side (18); welding each_repl acenment vane gﬁ) to said. inner
band (16) cferminga get (363 thieuglpsyid outer hand(j4) forreach yane €2Int vane (38) to

sai d outer band (14) on said hot side (20); and . brazing each repl acenent

Fepai iy Ao HRo0E2) RISt iR BRI e VBRI2RL Vanes (12)
di sposed between outer and innher bands (14,16), said outer and inner bands

(14,16) ednserting b ioogr @nd (U4) 6f 8 aewlBmandihcrrsl fpletmentieane)38) #ftd cabipi d
met hod conprising:, separating said outer and inner bands (14,16) fromsaid

vanes (12) :ongobsuidiowerband slojs B act ured repl acement vane (38) for each

one of said vanes (12), each one of said replacenent vanes (38) having an
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out er band ofié 6f sdidinmezdand sloes (323) ;
welding each réplacement vane (38) to said outer band (14) on said cold side 18);
. | welding each replacement vane (38) to saio':l-'inner i)and (16) on sa_i-d cold side (24);
brazing ;each replacement vane (38) to said outer band {14) on said hot side (26); and -

brazing each replacement vane (38) to said inner band (16) on said hot side (26).

2. A method of repairing a turbine nozzle segment (10) having at least two vanes (12)
disposed between otiter and inner bands (14,16), said outer and inner bands (14,16)
each defining a cold side (18, 24) and a hot side (20, 26), said method comprising:

separating said outer and inner bands (14,16) from said vanes (12);

providing a newly manufactured replacement vane (38) for each one of said vanes
(12), each one of said replacement vanes (38) having an outer boss (48) formed on an

outer end (44) thereof and an inner boss (50) formed on an inner end (46) thereof;

forming a slot (36) through said outer band (14) for each vane (12);

forming a slot (32) through said inner band (16) for each vane (12); _
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forning a slot (32) through said inner band (16) for each vane (12); I"I"I
[~ ~" 1 il 1 I~"1 CL MS inserting each outer boss (48) 'into a
correspondi ng one of said outer band slots (36); inserting each {nner boss
(50) into a corresponding one of said inner band slots (32); welding each

outer boss ¢ I g
each i nner bigigésm%ggﬁa{%n% ﬁsl ?ﬁ%é@dﬂ E %;ain%dg%log Qﬁ:léérjlﬁ%]d s@é&ydj )
brazi ng each repl acenent vane (38) to said outer band (14) on said hot si de
(20); and . Hinserting eadciines by {56y IR a vomespoRdingtone oflssidiimneabahd stbts (B3); on
said hot side (26). 3. The nethod of claim1 or 2- further -Coil hig;
formng a shallow, airfoil-shaped recess iemg sai d outer band hot side
(20) for eacveldingrach opter bege(48) tosnid gntes ﬂﬂﬂ@nSMt&mdp&lfi)ze) bei ng
di sposed within a correspondi ng one of said outer band recesses (34); and

e (36 ¢ aPoRent el bodlBBER HRE R balie I o Aol KRR 50 b ng

di sposed -within a corresponding one of said inner band recesses (30).

4.. The net bpskifg eadhirepladembit ving (3? 10 said @iterctughd (14) ornéaid hotside glocareEnt
vane (38) is seated in a corresponding one of said outer band recesses

(34) and said inner _end (46) of each replacénent vane Is_seated in a
corr espondi hmeaﬁ"gﬁﬁeemméfansmtOrse@ége@&apé(ﬂQon @?‘d idef2®d of any
one of the pr ecedi ng cI ai ns, wherein each repl acenent vane (38). is-

wel ded to sji gy, f%ﬁ@e&:s band. (16) using a |ow
energy. wel di ng process é’H# net ho ny one of clains 1 to 4, .
wherein each outer- boss (48) is welded to said outer band (14) and each

i nner boss fosMjng sshudlodechlﬂmlfshamdmness Bdnih iaidi))ums bagd hot $ide/(20)efof ¥ach
weldlngprocesséllllll }I FELTT T [ *>CL MS 10 .
12, one of said outer band slots (36) being d:sposed w1thm a

corresponding one of said outer band recesses (34); and

forming a shallow, airfoil-shaped recess (30 34) in éaid inner band hot side (26) for
each vane (12), each one of said inner band slots (32) being disposed - w1thm a

conmpondmg one of said inner band recesses (30)

4, The method of claim 3 wherein said outer end (44) of each nplacement= vane (38)
is seated in a corresponding one of said outer band recesses (34) and said inner énd
(46) of each replacement vane (38) i is seated in a correspondmg one of said inner band

recesses (30).

5. The method of any one of the preceding claims, wherein each replacement vane (38)
is- welded to said. outer band (14) and to said inner band (16) using a low energy

welding process.

6. The method of any one of claims 1 to 4, wherein each outer boss (48) is welded to
said outer band (14) and each inner boss (50) is welded to said inner band (16) using a

low energy welding process.
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7. The nethod of any one of the preceding clains, wherein separating said
outer and inner bands (14, 16) from said vanes (12) conprises cutting

t hrough each vane (12) near said outer and inner bands (14, 16). 8. The
met hod of any one of the preceding clains, further conprising the step of

a9, PTRE PPl oPBE blns QIS il Sporing 084 FHCPU 1

f abri cat ed ihnenbanks (M,ntﬁ)nﬁomrsaal vawes (d2) domptisss eutting thveughb emdhs virie4(12) 6) .

10. The method ¢ an ope of. cl. ai to 8 wherein each repl acenent vane
(38) is fdH¥M™ ?'Hﬂh“ﬁ KQ\B l%hat has enhanced materi al properties

wth respect to the material that said outer and inner bands (14, 16)'are

fabrlcated [ | . .se6/M (10

band ( 14)  iay i, sicthod’of $hp JiE G04E GroS laityd “hu O Rohntity 4E WM 81
havi ng a cqb@ﬁn@daﬁﬁgb)maaﬂauéreﬁmmw&&)cmmﬁ). at least* two vanes (38)
di sposed between said outer and inner bands (14,16), each vane (38) being
wel ded to said outer band cold side (18) and said inner band cold side

(24) and b&. nkhemgthed of enx anejobthe preceding dlrimssyvhereimesrch seplacement vanedB8band
hot sid .
p?evisl)ugl y us:)bgc@t?&iﬂ@pﬁhg'sang%ﬁ%%@%@gﬂ*&gﬁf%@?ﬁ%g% 136312 a?[ 5r ed -
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structure. 12. The nozzle segnment.(] 0) of claim 11. wherein said outer-and--- -

i nner band40( Phel@mpthodnsl sy ohe/aﬂehxmgﬂ)toas oviiezdin ieach egplicenrent lvanes 38) is
mat eri al . Th ozzl e se 0) aim .l11L wherein. said vanes (38) -
ERARAE | THAS RS R e ﬁm epfipnceh Raatesial HGbRRPe, gy G5BT O h6 1 .
respect topidi&idlh4tshidlo q Pﬁ? ﬁ%&(“ 16) are
fabricated from 111111111111111111111 111 1111 11 CL 14 S

calnl Al .t Mmool

11, A turbine nozzle segment (10} comprising:
an outer band (14) having a cold side (18) and a hot side (20);
an inner band (16) having a cold side (24) and a l_)dt side (26); and

at least two vanes (38) dlsposed between said outer and inner bands (14, 16), each
vane (38) being welded to said outer band cold side (18) and said inner band cold side '
(24) and being brazed to said outer band hot side (20) and said inner band hot side’
(26), and wherein said outer and inner bands (14,16) are previously used structure arid .
- said vanes (38) are newly manufactured structure. '

12. The nozzle segment (10) of claim 11 wherein said outer and inner bands (14,16)
- and said vanes (38) are fabricated from the same material.

13. The nozzle segment (10) of claim 1% whérein said vanes (38) are fabricated from
a material that has enhanced material properties with respect to the material that said
outer and inner bands (14,16) are fabricated from.
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