13 Sept enber®2006 ESTABLI SH NG A THROAT AREA OF A GAS %ﬁw&%gLE AND
A TECHNI QUE FOR MODI FYI NG THE NOZZLE VANES Thi s i nven ates to gas
turbi ne engi nes and, nore particularly, to the statlonary nozzl e vane
structure of the gas turbine engine. BACKGROUND OF THE | NVENTION I n an

ai rcraft gas BSIABIABHDYGtA TEHRPAE AREA ORA @G ASVTURBINEINOZFEENANDS At he

engi ne, conpressed ressor, and mxed with fuel. The
m xture is burned, w&dﬁ)w ﬂﬂ%t‘l CHEINOLERE 3%18@ are passed

t hrough a gas tur bine rnounted on the same shaft. The flow of combustion
gas turns the gas turbine by contacting an airfoil portion of the turbine
bl ade, which turns the shaft and provides power to the conpressor. The hot
exhaust gases flow fromthe back of the engine, driving it and the
aircraft faﬂmndenﬁbheclatGMty gagltlirbine ragings arel, adry pasicufasly, tohiht: sfationeg air

around the cen ter Jge en |ne d[lven by a shaft extending fromthe
turbi ne - s8¢ %ﬁ e'F tHJE‘r'rfﬁ R ng fromthe conbustor of the gas

turbine engine enters a stationary (that is, not rotating) nozzle

structure BACKGROUNIY O Ti¥ IRVENRONNAry nozzle vanes that extend
radial |y around the circunference o he conbustion gas flow path of the

general ly cylindrical gas turbine engine. The gas turbine nozzle vanes act
as a nozzlléatlcﬂl@tﬁé’ég@r turbinaniiet) edginec bir tib alroomiiotet thenfrgasof tevergineght |y so

that it { th bi t | Th
oai r ect caUUBSHSR Par SRR PR, HEFRGBS: apbted Yo T ace BROSRAY ng
radi al ly fpafed zhidrihbrl%smth?ﬁ%ot Q@fnbhﬁldnoé E@Qtee Q(P‘tﬁrohgl? g%‘gtruglgsoraf

causmgtheturblne wheel to turn and th nceto |veth
of the i npwotsind oopbe semeghafr ditet Bow qffcohihmstgasgawnhnmﬁleegaylmﬂ)mesby he ar ea

of the stationar e vane Ssfr c thro whi ch the co sijon gas
f1 ow passe®™ Itacltlggﬁg@]rquitp?r\lt/}%&f ?u m? éadFoYVE%% tW’Ié ¢ ghatlan ué‘@:e ]

paranet er gfwdchs tH@@_oﬂmﬁFé@oﬂe Thelmdt %ﬁﬂétﬁ{rgﬁ's'és £8Q5from the back of the engine,
driving it and the aircraft forward. There may additionally be a bypass fan that forces

air around the center core of the engine, driven by a shaft extending from the turbine

section,

The combustion gas flowing from the combustor of the gas turbine engine enters a
stationary (that is, not rotating) nozzle structure having a plurality of stationary nozzle
vanes that extend radially around the circumference of the combustion gas flow path
. of the generally cylindrical gas turbine engine. The gas turbine nozzle vanes act as a
nozzle to accelerate énd redirect the combustion gas flow slightly so that it enters the
turbine at the proper velocity and angle. The redirected combustion gas flow
impinges upon turbine blades extending radially from a turbine wheel that is rotatable
about the turbine shaft, causing the turbine wheel to turn and thence to drive the

COMpIessor,

One of the important operating parameters of the gas turbine engine is the area of the
stationary nozzle vane structure through which the combustion gas flow passes,
termed the throat area. The total throat area, a design parameter of the gas turbine




engi ne, determ nes the turbi ne flow functi on, which i N kur nte%%%rsz({oge '
conpressor pressure ratio and operating line, and is an Fﬁ‘por an

paranmeter in determning the conpressor stall margin. Desirably, the
pai rwi se throat area between each pair of gas turbine nozzle vanes is
mai nt ai ned S4Eine rletermines cthe durbdier fowefimbtiogt whichaint arg aetsrtha g@mpreszdr al so
the total throat ar.ea for all 3]‘ t he 4psai rs of gas turbine nozzle vanes is

mai nt ai ned RECYHIS A0 Aad Qrerting diog) and,{s s impogtant paraister dpgictormiaing dbe | e
vanes are raragbisiennifeil BRSirdiIRASHARD ! L@t ions
wi thin the tol_efr ances an 1t he agsyérfb yb@%{?‘g‘? %é%s%%%&%F§p§?éﬁg y great
that, upon tuthizenddzie wines bengiatirted viitihe a selgioé paindisa Ceost Ped taggedrarges

turbi ne nozzl.e .vanes dq not neet the ﬁai rwi se throat area target range, or

that the tdtg)2lsQdhefotal thaeat ajeanfox allooh e paiEsetof gas Mehing noprle vaney i

t ar get rangﬁainfmﬁsd%ﬁﬁh?@El@éte@%ﬁlil&ﬂo%@%a e%%?lgé_hroat area target ranges

becones even nore significant a I'ne engi ne has been in
service. and the di nensions of the nozzle vanes have changed by nonuniform
anounts  f ridmvezlelvenessare ntanufaomrddeto chsse ditiensiohablobahnas, Hut thel Ngiatibnd he
vane. materi.al., ,and. other effects. In that case, the overhauling of the
gas tur bi né“g:ﬁg ﬂ??eto}qﬁ%qcﬁ%@%ﬁh@ﬁFS&&%tOIQS@qeéB‘@therfgfﬁql@ﬂb’rﬁ!?aﬁitbﬁiaup%zzI e

vanes, and Jifibip 6t feldad durblie ALABCLIRBH! 1380 s (BB BABNERLA G BBET 1De

e
pairwise and total throat area targe ug he " Tndi vi dual

nozzl e vanesechthe minvdsesthvent atvapagelange, iok thias tif folid setsfaRssle Wneiidd At t he
overhaul of th g[as turbi ne engine to _scrap many of the used nozzle vanes
Bl cproblomops

and. r epl ac&<eh hrel\irspdrrgetigngs. eThapie aationdrom dhe thiveat ardar oat

area targe ] ] ' been proposed f.or .t he nozzl e
Soras. " Do leckdfiRs HEAALS ol AL MEHARY S0 o ARARE ol nb BedORZ U1 ey
may resul t sémiceanddsd diatehyiond 6fthahbosviRs hiive GRLERT PRAGRINTbrh Athddakz| e

vanes. There is Zzgecordi ngly a need for an inproved ggproach to the repair
of nozzl e URALROEE g to eszle yanerdyerta reesion, busniog pf 4h¢ wanmmaterish and ¢ hat

t he throat Hef e L T resent inventiqn fulfills this
hocd o pHEPBIEAL IR A 080T Eulliins JEfe BASES e eI toblisinesyy L
SUMVARY  OFoil képairhigrfie| iollividual nozzie vanes, and then selecting the proper pairings of

nozzle vanes to meet the pairwise and total throat area target ranges.

Even though the individual nozzle_vanes are expensive to produce, it is often
- necessary during the overhaul of the gas turbine engine to scrap many of the used
nozzle vanes and replace them with new-make nozzle vanes in order to meet the
throat area target ranges. Repair techniques have been proposed for the nozzle vanes,
but the available techniques are not fully acceptable because they may result in
undesirably alterations to the performance of the nozzle vanes. There is accordingly a
need for an improved approach to the repair of nozzle vanes so that their performance
is acceptable and also so that the throat area target ranges are met. The present

invention fulfills this ﬁecd, and further provides related advantages.




According to a first aspect of the present invention, re | rovi ded a
nmethod for extending a rounded trailing edge of a gas{$§qﬁ?%%ﬂ%gggle vane,
conprising the steps of. providing a gas turbine nozzle vane having a

| eadi ng edge and the rounded trailing edge extending | engthw se between a
r oot andBi Ml he, ge by pe-hQzzl e vane, and a pair of opposed
airfoil f =Xt endi & e | eading edge and the trailing edge
to define an airfoil profile; affixing an extension wire to the trailing
edge ext endi ngcéRdigk hovh Siest akseagot the prdsaitl ihwatienlJBére aPPrloyided aanddi@r e
material to the extension wire and the trailing edge, and heating the
braze mefosextgnding arawnded failingedge ohtaugas wdbingnezzlg vansasempriging theon of t he
braze [ . 0 iLn . th t ensi i I t he braze
mac or i o s Gt gy R i KBl Mttt R Pilapd U AR A M BB s o
ot her t hpdilifg RiLS €GédG: RASHIWIEG telEnt hdodbAd Bitlp TURE paeRIbIMEAGAAE Ng to a
second aspect of the present invention, there is provided a nethod for

ext endi nang ashipdal of oRPesed girdeiysurbices exfanding bpiween itiszlepding gfge andonpr i si ng

t he step, f ...providi a rbine. zl e vane having.the .roeunded

trai 1§ ngte St Osnd B Skl b BE AR R MG B 1S P gas

tur bi ne éﬂgézdx@enwmgel;engthfvis)éIMg he taxlignsdedn a}ﬁplﬁzﬁlgtd)bﬁaﬁe niateHal ltdﬂ(ﬁleedge_
extending 1 engthwi se along the trailing edge;, applying a braze material to

t he ext efdensipnwwite anddthe Heaiking edgen nd digatingites Sraze thaealelp a dfaziigpl yi ng t he
braze materi Lncl udes, the steps _applying.a first |layer, of a high-
mer et et 3 T e OB s oP R B Bl BRb coRIE 1Pa " P
traili nghedgeensioansiré Aed aaf bRke a4l 18 the HA0RBGd8YRhertih Melf B4R
conposition overlying the first layer; and heating the braze naterial to a

br azi ng depapitipaplimeterigl othénthan a protestivecpingioote the arfed sutfheese materi al and,
upon cooling, to bond the extension wire and the braze material to the

traili d ing.t hj t aof. the t] ion, th
< br ovi ded AT Porecad abed R B Bebrar PRieBL BRE PRI e ne
nozzl e Cinehbd e &idnditle a SUhdLE g S&IPERT b P Birbile n64APFane] caiphisih Ng a

final pairw se throat area target ran%%;, providing at |east two gas
t ur bi ne thesteps ofanwyiding ergaaftebinedeazatenyanerhpvingothierrainded trailing adge hr oat

b . h i bi,ne.. I , h f , f
cach pai SiaRGEEneRRE A8 bt e e S AP B 1R R o

not W t hpextension wire to the trailing edge extending lengthwise along the trailing edge;

applying a braze material to the extension wire and the trailing edge, wherein the step
of applying the braze material includes the steps of: applying a first layer of a high-
melt filler alloy into a gap region between the extension wire and the trailing edge,
and thereafter applying a second layer of a braze composition overlying the first layer;
and heating the braze material to a brazing temperature to melt at least a portion of the
braze material and, upon cooling, to bond the extension wire and the braze material to

the trailing edge.

According to a third aspect of the present invention, there is provided a
method for establishing a final throat area of a gas turbine nozzle circumferential
structure, comprising the steps of: providing a final pairwise throat area target range;
providing at least two gas turbine nozzle vanes; thereafter determining a pairwise
initial throat area between each pair of gas turbine nozzle vanes; and thereafter, for

each pair of gas turbine nozzle vanes whose pairwise initial throat area is not within
' 3




3 13 Septenber 2006 the final pairw se throat area tawsg tgﬁg&eloogxtendi ng
a trailing edge of at |east one of the gas turbine nozz PVanes responsi ve
to the step of determning the initial pairwise throat area, so that the

final pairwise throat area is within the final pairwi se throat area target

range, re he. of e | I.ncludes, the steps.qf.. providing one
of the mglgs@ag %P&ﬁgé Kﬁl%é)%tl aéeav%}rég ggr?g\g/’l %engu}gofhﬁﬁigag te?%qo?'i' %deaeggﬁlée gﬂt endi ng

| engt hwi g daeturbi@b ndzA1€ Oined Rebpandiv®toofhe shp AStehHinbig @e REAI FaiMARE,

affixing an extension wire to the trailing edge extendi ng |'engthw se al ong

the trai roRs aesagw thalghe finplgpairvpscstheoaterea is within thecfinia) paigwish dhregttasessi on wi r e

dth L (.00t h i.al tq. th '
Wre and e i PP BF SR e e el 8 B Tonk PriFrafinec S TS pr csent
i nvent i ogas thib@fetndzsle Mamds HAOHhga roiRddAQehilinY edgs balehdisp id@tavitd Bveddr 0at area

of a gas turbine nozzle circunferential structure, conprising the steps of
provi di n@ reotfandaa tipaefr thie s ttavbing nerzley vane; gEixingayextengioowide e thet | east

two gas i 2V .each of the.nozzl e vanes havin . rounded

| eadng S el Stk BIRR R e RUE ey poRRng el

sur f acesovetiyingntle RetehabReR dndetht @adingledpe Mmdaeihd end brakd IAErigd@e and that
define an airfoil profile; thereafter determning a pairwse initial

t hroat ahesxisatiowireand fp thaiteilg odge t ur bi ne nozzl e vanes; and thereafter,
for each pair of gas turbine nozzle vanes whose pairwi se initial throat

area is not wiihi f LW throat .area t et. ran of
extending a }[’erx%%&hﬂﬁ%qg giéorﬁgt:‘hg e?te%f: eo?{gsegi l?‘f’?@g%’hgﬁ"?{?rﬁi 1?{89@892‘1 e vanes
responsimethb® foit bRaliskingof filgl @t Hr&ld of BSzak b nd21d Wir&fnfehnAat area, so
that the final pairwise throat area is within the final pairw se throat

ar ea t arg@cturergeprigig the slephel providinga diaplopaitwismthrest aneat tergehrangeher t han a
protecti Goat | nto th irfoil,surfaces ip.the step of , extending.
Herei n oé/r §‘(/:1ﬁ§%e%qlg%£§w? &hnt %’dlg qo&?lee‘?flgsalqa@h Pﬂg’_et ?P_@Zteh\?%'ﬁf ha¥ing 45t the gas
t ur bi ne rotidedl IeadigNedgr, b eP@ided MaARRMIS, {da pAifof Bshosbd Htoin@#mEE Vvanes.
The present approach nmay allow both the pairw se throat area target range

and t he axganding batween thedgading gdge andathgetraiing edgeeand thakdefappain apfodlcedur e may
be util i_pzrg 1 eg Blepe%ﬁ\éli ge%et%nqginig Qldli)a\{li'vsglgéa }nitial throat area between each pair of gas
turbine nozzle vanes; and thereafter, for each pair of gas turbine nozzle vanes whose
pairwise initial throat area is not within the final pairwise throat area target range, of
-extending a trailing edge of at least one of the gas turbine nozzle vanes responsive to
the step of determining the initial pairwise throat area, so that the final pairwise throat
area is within the final pairwise throat area target range, wherein there is no deposition
‘of material other than a protective coating onto the airfoil surfaces in the step of

extending.

Herein disclosed is a technique for establishing the throat area of the gas turbine
nozzle, and a repair procedure for the individual nozzle vanes. The present approach
may allow both the pairwise throat area target range and the total throat area target
range to be met. The repair procedure may be utilized to provide the individual
nozzle vanes with the proper dimensions to meet the pairwise throat area target range,
‘and then the pairs of nozzle vanes are combined to meet the total throat area target

range. It may also be wused to alter the dimensions of
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nozzl e vanes with the proper dinensions to neet the paiiﬁ%ﬁ&m&j&%% area
target range, and then the pairs of nozzle vanes are co ed to neet the
total throat area target range. It nmay al so be used to alter the

di mensi ons of 3a 13 Septenber 2006 the nozzle vanes for other reasons.

The repajr. procedure. my subst anti.al | v .mai nt.ain kol e of the
nozz1 o iR NGt KA TR b BAb AL mdy i Saliy iR, O L1
area of @e@asoil $HaPé BEthe ABZAE Qar@Pr i Sing the steps of providing a final

pairwi se throat area target range, providing at |east two gas turbine
nozzl e vanes, and thereafter determ ni ng a pairwise initial throat area

bet ween each plprdigslosgdds & methadeion syiahlishipgaciinal thiepteares ef 2 sasdprtdaen  pair

of gas t in va -naj rw r.oat .S hot

i thin P FoRAENT ARG B BRRARL 2" el adal 8 BBl 001 ¢ o1
of the gp®vidiDitrieasheZd bss tovineto 7Ry vades, exl endedicr deeaniainge pairvibe step of
determining the initial pairwise throat  area, so that the final pairw se

throat ainétiplitkrogiared petwren eachaeingigantushing npzde vancsa Thereglier, Irgage. The
met hod na i.cal l xt ende -nNezzle. plurality.o gas
Tor bi ne T 9F gh BERe e A NEPETHRR st ATl bR drkd isChorT o

ci r cunf efigfltpaitiviseIhfodCinds argd ringah tiallingledpb bpatic 6f B8 ghatugisihe hange may be
provi ded, and the nozzle plurality of pairs of gas_ turbine nozzle vanes
may be sedngemay bsexiended respamsiveto thestep ofdeiesmining thainitiaknsigate thioghs i s

within the final total throat. area target. r.ange, The. of di ng the
traili ngarg?)‘gsg r%%’télfeeﬁ%% |P§‘}"‘r’VF~F8 lt]arggtsar%lg ‘@ﬁ'é%éh o aE) P%l\l;‘? g?%lé‘gatoaﬁ%ﬁ%%g%{]he gas

t urbi ne paggl e vanes having a rounded trailing edge extending |engthw se
between a root and a tip of the gas turbine nozzle vane, affixing an
extension wire to the trailing edge extending | engthw se along the -
trailing edgeThappsthadngay betapieallynetterded to d/vea4q Hglf%lﬁlé of peish 8T 88 wi re and

and to- WO aRPFIs, *Rlkp ol TRBO P HFrRRE T wRENAGRR, Al M-BEFRET 2006

structure. A final total throat area target range may be provided, and the nozzle

plurality of pairs of gas turbine nozzle vanes may be selected so that a sum of their

final pairwise throat areas is within the final total throat area target range.

The step of extending the trailing edge preferably includes the steps of providing
one of the gas turbine nozzle vanes having a rounded trailing edge extending lengthwise
between a root and a tip of the gas turbine nozzle vane, affixing an extension wire to
the trailing edge extending lengthwise along the trailing edge, applying a braze
material overlying the extension wire and the trailing edge, and brazing the braze

material to the extension wire and to the trailing edge. The brazing is desirably
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acconpl i shed by heating the braze material to a brazin to melt
at least a portion of the braze material and, upon cog?lgﬁgg&p%l%jgﬁd t he

extension wire and the braze material to the trailing edge. The extending
of the trailing edge may be acconplished in conjunction with the

est abl i shi ' throat are as__discussed above

i ndependgérﬁ:tB ﬁlyﬁégéd;bﬁlyﬁéggﬁéfhgegﬁei%% n%ﬁota.ﬁbéa?ﬂg f?g}pegglgg?%mltfagﬁeastoq her
reasons. pdrtion of ik bake aas@ial bhE 1o dobliR 6 HaRd ZheeMaiifor wilhdg (R a

nozzl e-vane nickel - base superall oy, and the extension wire is made of an

ext ensi obags meateriad o) thetailing gdes- ai They extending xdntbt erailing edge may- bane

ni ckel -b r,alt| o .be djrectionall salidified, ReneR 142 or All oy
% a0, andpmR1BROC REnf R it B s2BRiainae BE) e inallpBL ot 142

ni ckel - béiseussedosicdle] oY indeﬁerﬂeﬂﬂ)ﬁﬁﬁ%ﬁ?@oﬁﬁ@érm1oﬂtB€ tRbePareh afBRLYI NG the

braze material includes the step of applying a first layer of a high-nelt

filler a‘l’tbgfeii%ﬁ’lﬂ@) a gap region between the extension wre and the trailing
edge, and applying a second |ayer of a braze conposition overlying the

first layer. | I r_i.S..00rnml a f.irst-layer nickel -base
super al | oy h%é\t;%3 ' 1C§ls #%Slre’gt%g %Sy%Fb-l ni rcl%g:l‘%lﬁaé?@ Eﬁ‘ﬂ%?gg LA ng%bi nt
great er badsansupdrelldy, amidngie dxeBion aki#E §s nsddeofagn BeRARoANire! nifeHRsel 42
ni ckel - base superal |l oys. The second |ayer may be a second-| ayer

ni ckel - bageraliapeFan xsinple, dhenaralearana midkslbasg superalbayrmay be directionally

| -ni gl - | i i I th brazi
tomper ar'uy B Rl 3! 8 AR B R hlearR e BB S ey

super al |ayy BaHe®d 192 mE&kRl-bixg s irflldy. of ReneR 80 ni ckel -base superal |l oy
nodi fied by the addition of silicon and possibly boron to reduce its
melting point. The brazing tenperature for this preferred braze nmaterial
i s typi dBla preforese appeach. o stepiad appbing thedwmzemaedak includaoibe . stephef pr esent

appr oac 7l S extending. thejr trailing.edges. The
shape opl ppﬁgn% ?Eséllal&glg?ﬂl[qﬁéﬂ ﬁlglzlt%]%r 3@%&@“%?31%%%08?6 Qtﬂé%?xit%{%ﬂ? al tered.
By contwiastandithe S@iindlelilgd, MAPIPRERES 5&ond GRITdME NRAZEMYARRY, extra
material is applied to the airfoil surfaces of the nozzle vane, rather

t han t o QVEdYingahg firsglayery elhetfgstlnyer kemormally arfustAhyer nikel-bash supdrilbdyeni ng of
e, SN B ORRT RSP} BGRL i 3%k Wy 2EEG O
temperature, such as Rene® N4 or Rene® 142 nickel-base superalloys. The second
layer may be a second-layer nickel-base superalloy braze material having a second-
layer-nickel-base-superalloy melting point less than the brazing temperature, such as a
mixture of 40 percent by weight Rene® 142 superalloy and 60 percent by weight of
Rene® 80 nickel-base superalloy modified by the addition of silicon and possibly
boron to reduce its melting point. The brazing temperature for this preferred braze

material is typically from about 2190°F to about 2240°F (1200 to 1230°C).

The present approach may alter the nozzle vanes by extending their trailing edges.
The shape of the airfoil of the nozzle vanes may not be substantially altered. By
contrast, in some prior approaches for repairing nozzle vanes, extra material is applied
to the airfoil surfaces of the nozzle vane, rather than to the trailing edge, to thicken the
nozzle vane. The thickening of the nozzle vane may change the airfoil profile, so that

the aerodynamic performance of the nozzle vane is altered.




4 13 Septenber 2006 The present approach for extendi n?3 %hﬁﬂi@alﬂ b&g edge
may be readily inplenmented by tack welding the extensi© (9
trailing edge, and then applying the braze mterial to form snooth
aerodynam c surfaces at the trailing edge The di aneter of t he extension

wre may. be_sel ected endi ng. upon unt nsi r Upon
heat i ng, ﬁ@reﬁ? Z’Bp]f?ﬁ&e? raeIXt‘ng)lgBtgF tt'iaﬂ may%?deﬁ({"ﬁ' I’S%Jf@hm on wire
to the {dcRiwdéBegeatdextcBsi6haskd V& tﬁ@%iliﬁgsed%le'c&daﬁleﬁ'zfpfp%g)ﬂqeoﬁra%er| ay
alum nides may optionally be applied overlying the trai'ling edge and its

ext ensi omatefea Erfommnoels aandyrwduamudg@s apthet tiealing edgentThendiemeteonf wi | | be
t,f t h | ed f.th f d

enbod e RISRER ife BEh RO ETOh AL 2Rt (e casahot RYTHIMERIE. whi ch

i [T ustragpon REatway 1Rf bréxaaRledial (A9 pﬁftia'ﬂ?'lﬂél?&ld Bazé BR dxRABIRMI Wite tfNe scope

of the invention1s not, however, I'imted to this preferred enbodi nent.
BRI EF DESERr#lingOsigor H’HEquRA\mal@&sFaughrae diffaisiorn os ohetayt dlemalidesanapnal

sectional vie SSOr,, .a.Co sto tur bi ne nozzl e
ci v cunt epeifaly B et SRR e G Wabbihis SePRam 2 s an enlarged pl an
view of the gas turbine nozzle circunferential structure; Figure 3 is a

radi al |y ot iedtGreY iag/ a’?lfvaﬁaéb%' &f e Iﬂezezﬂ nveanes will e hpfat @ thdre td ew of
line 3-3 in Figure 2; Figure 4 is a perspective view of one of the nozzle

vanes i nfallosting mors; defiilgd descaiption af @nnveefam(berpbculmemtemk@i indenpwchar zl e vanes
in isolati formn 0ozzl e vanes;. . Fi e 6 1s a.block flow
i agr am SdepapRPREhaERotes st BERT A et pelfie e pirdudh and o
13 Sept egb@k idBGon. FTEMERPe 6f #2 ihPerRion §¢ h&sh&irev%ﬁ hen®dd © tﬁfs%ﬁé@d
enl'arged sectional views perpendicular to the |engthw se direction of the

nozzl e vembodimentari ous stages of the

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic elevational sectional view of a compressor, a combustor, a gas

turbine nozzle circumferential structure, and a gas turbine;
Figure 2 is an enlarged plan view of the gas turbine nozzle circumferential structure;

Figure 3 is a radially outward view of a pair of nozzle vanes, taken from the view of

line 3-3 in Figure 2;
Figure 4 is a perspective view of one of the nozzle vanes in isolation;

Figure 5 is a schematic plan view of three nozzle vanes in isolation, forming two pairs

of nozzle vanes;

Figure 6 is a block flow diagram of a preferred method for practicing the present

approach; and




met hod depicted in Figure 6. DETAI LED DESCRI PTI ON OF T'T'ES%@%%’B@Z@H Figure 1
schematically depicts those conponents of a gas turbine” engine Phat are
pertinent to the present discussion. A flow of conpressed air 21, froman
axial flow_.conpressor 22, and fuel are supplied to a conbustor 24

ext endi ng tlEg@edally i curtgries efersthendtice fiapmented gemlatged bisvioraigiviess20. The

fuel is m | €.,4C ressed,.air. 21. and hurned jn the conbustor 24,
gener at i ng)i)geg%e\(@ﬁdn%lqls iQ% rﬁh‘*glggg‘ﬁ}”&f/ %f’a%gfth@ t128% ab&%“?“ls(f'\tﬁg?%oé ses

t hrough a gﬁah@@ﬂéyiaedmgmﬁgi rcunferential structure 28, wherein its
velocity and flow direction are altered so as to be of the proper velocity
and orientation when it passes through a gas turbine 30. The conbustion gas
flow 26 i idihaHLL)PESGRIPHION i BEdNY He

turbine-disk 34 of the gas turbine 30. The turbine disk 34 is nounted on a

shaft 36 a I forece of the inpingenent of the conbustion
gas flow 22@ %l[nrbj tlﬂ%h%’lﬂ?tﬁa%&%% lgﬁe@oﬁfmqﬂ?@e%tﬁg’??.g%fim CeThgL e ﬁ'?feto t he
conpr essor pgtineddothe pfestMUcASiAD AMovw BAESmPRsRA s B fidm ak BkiABAGR the
turbine disk 34 and the shaft 36 turn. The ' ‘gas turbine nozzle

ci r cunf er e§Pipressar2de angk Mebgreisypplisd trawonduston24 kxtesdiag tordislaly drousd a
stationary j he ense.that it.does . not, turn.with the shaft 36.. After the
conbust i oncglggﬁig F%ﬁfegaﬁ_gfgg’g ewgﬁgﬁ%pﬁgeldﬁmiﬁmtﬁghwmm?ss? #h2lout of
the back otnd Newas it YhdiRMbASGE 1A, ?@n&@ﬁn%[ﬁ%ﬁbﬁﬁfohﬁg% HRGHSE. Hfedn

actual gas turbine engine, there are nultiple conpress stages in air
f | ow succegembystion gah Howodfppassesahradgh agas turbineinokee pacnmfoéntighsintcturbi ne

nozzl e cirgunferent.j al, structyres..28, and s turbines 30 in succession
al-ong the Eg’o STERilS yelpaLy py ‘g&ﬂegtg)qq{ggﬁqrﬁtis%%&etqf@p RJaRereloRity

passes ¢ hr anobidiiaichaltic it pissBARERA £hus tlbind 10, U RN bhsAtopbs he 0as

turbine engine 20 is generally c ally symmetric about an axis of
rotati on 38npigesiupositabineddades3iR that satend sadiallyafrom entizebind diek 3#Foftheqra’

detar | TREE 0T ThB B s £t LA el S G bR Wb e deroagts o
nozzl e suppRiimphigeichtbLihe Godbustfil SRR 2608 the turbine blades 32. The shaft
36 extends forward to the compressor 22, which is mounted on the shaft 36 so thét it
‘turns as the turbine disk 34 and the shaft 36 tun. The gas turbine nozzle
circumferential structure 28 is not mounted to the shaft 36 and is stationary in the
sense that it does not turn with the shaft 36. After the combustion gas flow 26 passes

through the gas turbine 30, it flows out of the back of the gas turbine engine 20 to

create forward thrust. In an actual gas turbine engine, there are multiple compressor
stages in air flow succession in the compressor 22, and multiple pairs of gas turbine
nozzle circumferential structures 28 and gas turbines 30 in succession along the
combustion gas flow 26, so that the combustion gas flow 26 passes through the pairs
in succession. The illustrated portion of the gas turbine engine 20 is generally
cylindrically symmetric about an axis of rotatibn 38 of the shaft 36, which serves as a

centerline.

Figure 2 illustrates the gas turbine nozzle circumferential structure 28 in greater detail.
The gas turbine nozzle circumferential structure 28 includes a nozzie support structure




40 and a plurality of nozzle vanes 42 extending radi al t lhphery 44
of the nozzle support. structure 40. The conbustion ggéslsgqt%@vb%?ropg,
perpendi cular to the plane of the illustration in Figure 2. A pair 45 of
the nozzle vanes 42 is illustrated in Figure 3, which is a radial outward
view of t h40 gada plardlity of muzlel vancs 42 exterdieg rididllyst a petiphesy 28 ofithamoiale

peri phery 44. Each  nozzl.e vane 42 has sed airfoil surfaces 46 that
def i ne o cEHEPER SIHiPE 40 s on g AR 283° RapendcuAr iy Pake Cedge 48

and a roungﬁlgu.g‘ﬁ(ﬁgihip;%mggge 50 that fair on each side into the airfoil
surfaces 44. These elénents may al so be seen in the perspective view of

Figure 4. The nozzle vane 42 may be described as having a root 52 and a
tip 54, and il ¢hgf thelnozelt wenss 4hes illosirate&® iraFigutels viliigh 54 radited otitveard i ng
edge 50 extends, between the root 52 and the tip 54 and ljes n |1y
paral | el t¥eY ofjthngss _%%ngam%%&s .ﬂaASEm@Sﬁsyzlrsepw %ijgi nij_élei ne 58
ext ends frﬂc%?zié‘?adee@?m&s ne&z if Quff&%gtz{sﬁhhé B0 Burvld MUGECIHaBY the

t hi ckness of the nozzle | gure ustrates three of the nozzle
vanes 60, #iZzleavate@2. hadheomded leaditanaiyetB add rotied arflingsega SOithat tfaipai r  of
nozzl e vanes, and the r{ﬁ;éﬁ_vanes 62 and 64 conprise a, second pajr of
nozzl e varfds eask s dnfe ipgirfages Bd. dTkesaplancgts wey abset besrsndadhe

bet ween t :NOZ: of ' A IS ypically
the d st Sesa Bl EEh o ARG 47| THRARIZRP g 42 B AR bl e D

near est padNindatiptsd, aidg lanpgihall, bkiden shié fat 62 4hd de tih84.aThaaeilingredge | e
vane. For exanple, the throat width Dol is_the distance between the
trailing edhextpdypetrrenibe Apat vanadstheatig $4and diss szonerallyi parallsh tone

airfoil s - 46 Of .. n : . ' is

defi ned a;i g{lﬁg&dﬁ?ﬁ%&%@]ﬁétﬁéﬁ&fi ﬁ%g%a gtl'i(‘)lfl f ﬁ%’q%ﬁg“?és%&g‘?&st%‘q %%ZIZQ? cgn%/ane 64
and the r&lgaasttoﬂ@itfnﬁlhsgﬂedgbsoglbiééo@ihgtﬁ@ﬂﬁ@@ess%ﬂ&fndzﬂevﬁﬂul.e vane 62. The
throat area TAis the product of the throat wwdth Do tinmes the length L of

the airfoil mneasured parallel to the | enat hwi se direction 56 (see Figure
4) . A findfigpsiyilusEatesthepgrof themoazly yaes plkfe 2and 64 Haxnopale mnes pAARL for

t he throat | 0 Y e the .
pai r of no%%%cgﬁ%%%e%ﬁ%bséﬁ fggi’ile g%n bréﬁti ﬁlee ‘%g?‘ ? vgﬁesn%z;%[?&e)@/gﬁ@gﬂ 2% and 64. .
An exanpl seodndpaih ofifofdld adnepai A thivat Widthd, istthé datancangeldsedt approach ypi cal

gas turbi r{)%tvgge%i trlli?: tivs}so 1%62@1% Jazhl-es Odfoe:élclsiqpua?rr. e'Tiher:] %lrz]ro:(itg\'fv%d(%ﬁ %60 is typically the
distance between the trailing edge 50 of one nozzle vane and the nearest point on the
facing airfoil surface 46 of the adjacent nozzle vane. For example, the throat width
Doy is the distance between the trailing edge 50 of the nozzle vane 62 and the nearest
point on the airfoil surface 46 of the nozzle vane 60; and the throat width Do, is
defined as the distaﬁce between the frailing edge 50 of the nozzle vane 64 and the
nearest point on the airfoil surface 46 of the nozzle vane 62. The throat area TA is the
product of the throat width Do times the length L of the airfoil measured parallel to

the lengthwise direction 56 (see Figure 4).

A final pairwise throat area target range is 2 design goal range for the throat area TA
of each pair of nozzle vanes 42, as for example the pair of nozzle vanes 60 and 62,
and/or the pair of nozzle vanes 62 and 64. An example of such as final pairwise throat

target range Dol in a typical gas turbine engine is 1.41 +/- 0.01 square inch (9.1+0.06




7 13 Septenber 2006 cnR). A final total throat area tg3ggel;.LangfoksS a
desi gn goal range for a sum TTA of the values of TA suﬁég gver OIgll of
the pairs 45 of nozzle vanes 42 on the gas turbine nozzle circunferenti al

structure 28..,The.final. pairwi se throat area_ target range and the final
total throat®ar gg”i“’é?‘g%lttg‘}ﬂ%ﬁﬁa reet Fanes et g‘?ségr‘s&q"iﬁ%"éﬁ foryp WAy Tha oidkg gner s
to optim zQ1deld@r AN, sQhMRAR P e,ﬁ[gﬁrt r r%b%zﬁ ' gagt ’
specific values are Snot a pgrt IE))?&'E Sr%s(gelin ap&%%lgsgﬁzgﬁ@@ rettsllgjr'#e

appr oach i swedscarweattréntiabsirictost 28 The Giwaldiaivgrig theebRied t@gdt @ingedindsid Ng t he.
di nrensi ons of . the nozzle vanes 42 so as to achieve these paraneters.

Figure 6 i S0l Aptal [reqt Afeay falgrlfanes atnPaBmesE: Releeied byt engines designershts f i nal

throat aregniffizd g i NN eptigl.structuyre and

i gur es. 7- 508z B8 RSmblcp ot BE2ARC UL B0 BlirirkBh Vaftes A o221 o
vane 42 whastatpasi ofi thg pesiget apprdyehn Theeprbent efproddiistdontekd s1piaeat 46 are
al so depicted.in Figures 7-12. A final pairwise throat area target range is

provi ded, RINEdRE a7gchnagueyfos adipsting hsodianensions of ithe apezlapares vidl weast t he

present prgggsse y the engine designers. At |east two gas turbine
nozzl e vanes 42 tgregéaoﬁé!rr%@%eed, nuneral 72, one of whose trailing edge

regions 50 is shown in Figure 7. The gas turbine nozzle vanes 42 have the

~shape di scligeel 6dbabinckatoy dfagrahyafﬁahﬁptomck@reitaaimzAgziheﬂﬁanﬂmdsutml - base
superal | oy of the nozzl e vanes 42. ni ckel -base alloy is

ﬁ the base netal | i )
an alloy, © &?i% 108 IQ7ER sircymisrential storchise, anddfigwes ahd are viewk of thoase

super al | oy.d ' 1 I tr thened by the precipitation of
gama pri &é%ﬁgpp%rg%é%g%agg§b O%mg&%l‘@ngf&a“ﬁoﬁq(gﬁﬁ‘ﬂ deg df)i’?’é‘gl oy
used as t hextamdedl heatiboindieiets 4628€ ako ABpidlel @Y FigresTRIMf act ure the gas

turbi ne nozzl e vanes 42 is ReneR 142, having a nomnal conposition in

wei ght percent of, apout 12.0 percent cobalt, about 6.8 percent chrom um
abollt 15 PcfRak REFWISP J5ae: oA Esbrnze isprpred mumeml o ok distissed o,

percent rhgaidm, ntal u bput 6. 15 percent al um num
about 1.5 percent g%lﬁ‘l@6%1&8%‘503%@%89(&%5’6’2?%@&gj{:ﬁllgﬁBﬁfneiﬁgﬁ?erﬁ. 015 percent
boron, bal ance nickel and mnor elenents. The gas turbine nozzle vanes 42
may i nst eadt besihrtwe gad tibine nozzle vanes 42 are provided, numeral 72, one of whose

trailing edge regions 50 is shown in Figure 7. The gas turbine nozzle vanes 42 have
the shape discussed above, and are typically made of a nozzle-vane nickel-base
superalloy as the base metal of the nozzle vanes 42. A nickel-base alloy is an alloy. -
having more nickel than any other element, and a nickel-base superalloy is a nickel-
base alloy strengthened by the precipitation of gamma prime or a related phase. An
-example of a nickel-base superalloy used as the nozzle-vane nickel-base superalloy to
manufacture the gas turbine nozzle vanes 42 is Rene® 142, having a nominal
composition in weight percent of about 12.0 percent cobalt, about 6.8 percent
chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about 2.8
percent thenium, about 6.35 percent tantalum, about 6.15 percent aluminum, about 1.5
percent hafnium, about 0.12 percent carbon, about 0.015 percent bémn, balance nickel
and minor elements. The gas turbine nozzle vanes 42 may instead be made of a
cobalt-base alloy having more cobalt than any other element. An example of a cobalt-

base alloy used to manufacture the gas turbine nozzle vanes 42 is alloy X-40, having a




cobal t -base all oy having nore cobalt than any other el nt., mpl e of
a cobalt- base alloy used to manufacture the gas turbi Eggﬁ%t%r?ﬁée}@gﬁes 42 is
all oy X-40, having a 8 13 Septenber 2006 nom nal conposition in weight
percent of abgut 0.5 percent carbon, about 1 percent nmanganese, about 1
percent si PPRERI cappasition ipaeighh pershmtonf abont Qb qercent pasbes mbouty bpercentbout

10.5 percent...pi I 5..percant ngst en, bal anc bal t d m nor
o) ement s MrnBAlE aboBPP Bbee s 3yIREH A, b4 BERER Sheot B Ao ARt et s on
is not |iabdrdl(.d peh@ne nkdkeRYsbous Th hercamK finktien NBAZAR MHAR Sarfi2middr

pairwi se initial throat area between each pair of gas turbine nozzle vanes "
42 is det elemcntsd, Theseerllays7ae prefpiredal oy thy uek wérike preskntninaentioenisia of t he

pai r of gag _.turbi.ne nozzle nes in their nounted and supported
confi gur at ?Iglﬁtt?g%g%g%\ﬂ??yﬁ “ﬁ‘?‘%ﬁﬁ@‘%ﬂe P?zzk%%ﬁne? ‘l’#'t ial throat area is within
the final pairwise throat area target range, that pair of nozzle vanes is

sat i sf act opypaifsist Snifiab 886att Red bOHeeR G Bt Y 2ab WIBLR! noBle {drks 42N
initial throat area is smaller than the final pairw se throat area target

range, a sfefpyminedyouneeral 7hetypichlly byralimbesiorahrowesiréments tdf ¢he ppir apfrgaat e

trailing e 0. as_ by .grindin nd. t he I r aof gas turbine nogzzle vanes

passed to ﬂfﬁlggngﬁ%&%qs ,thaffdﬁ%‘g‘g?f .uPﬁ’Wi%g “éﬂ"ﬁﬁ'&‘%fl%a? shoym igdiieWeund i n

practi ce.) 3.Fof thanafitiflohfoa® bredas wWithird RGP pAk-Risk ARt mﬁ&{g&%ﬁ%@, el NiLi al
ar ge

throat area is not within the final pairwi se throat area range and
i s in factpaiepbopazheevinendd satiafactersand istpasset! tafmal prcemsingy angeral Therai | i ng
edge 50 of at .l. t one of t as furbine, ngozzle vanes 42 is extended,
numeral 8othe ﬂ%bg‘?ﬁg%gaf%s flﬂaﬁfgﬂ@ﬁ tf?ﬁﬁﬁﬁ‘l R?Wr#'{ﬂah@m? fLEstafngead Smali r wi se
throat aregnowf dfhahtelile nlay 6 eHﬁJvEWﬁﬁ?t i i b1 gas
turbine nozzle vanes 42 iag Wi thin the itﬁ%:a rg?é%és@%@é]gg%aog?’e%soﬁ%rget
range. To gxding andhéhe paii bf gy tedbiye w@zleannexparsl onfinl peoctSihg, auambfail xed,
nuner al 827 t'ﬂg‘t .round(?' traili.ng edge 50 and extending al ong the .
trailing edye BSHAtiopseldm fopod ingrachitil se direction 56. The extension
wire 100 is preferably round in cross section, but may have other ‘
C1 0SS~ SeCtIGakh PANGE gas AIRX AL ndll ifost QNS i1 WRIaP frea S ot C1 €1
to extend the trailing edge 50 by the desired amount. [n a prefaerred

within the final pairwise throat area target range and is in fact below the final pairwise

throat area target range, the trailing edge 50 of at least one of the gas turbine nozzle
vanes 42 is extended, numeral 80, responsive to the step 74 of determining the initial
pairwise throat area, so that the final pajrwise throat area of that pair of gas turbine

nozzle vanes 42 is within the final pairwise throat area target range.

To extend the trailing edge 50, an extension wire 100 is affixed, numeral 82, to the
rounded trailing edge 50 and extending along the trailing edge 50 parallel to the
lengthwise direction 56. The extension wire 100 is preferably round in cross section,
but may have other cross-sectional shapes. The extension wire 100 has a diameter
sufficient to extend the trailing edge 50 by the desired amount. In a preferred
approach, the extension wire 100 has a diameter of about 0.045 inch (l.i mm). - The
ex;enéion wire 100 is made of a material having a high-temperature capability
comparable with that of the nozzle vane 42 itself. In a preferred case, the extension

wire 100 is made of an extension-wire nickel-base superalloy such as Rene® 142 alloy.
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approach, the extension wire 100 has a dianeter of abo ﬂﬁ)l% (1.1
mm. The extension wire 100 is nmade of a nateri al hav:ftfj']gsgggﬁ%e}

hi gh-tenperature capability conparable with that of the nozzle vane 42
itself. In_a preferred case, the extension wre 100 is made of an

ext ensi-on- VibeExiEngiRe Misalde is psderablyaffisedby periodiniesk wekia 142) asshowd id 3

Sept enber The,.ext ensi o iye 10Q.is preferably affixed b eriodic
tack wel ds %%Jge Sa{s}’ g’ﬁ&ﬁﬁln}%edqgﬁ}%{a rcégeg,gmgoo@w%rdfﬁ &?‘F‘i the e 8"9@3/42% ndi ng
out war dl y fafayiohethe amilSsuyRaR #2schsk it ﬁ%nﬁw%ﬁ deliBh bf&%%?@és 46 so

that it lies on an outward projection of the nozzle. ane centerline 58.
The tack wap@scentezling 88.ndhe tavk weldad09 aa¢ hatthegmimang attachinsamt nchadidi ng t he

desired st N I h t i ¢ | 100 to the trajli dge 50 i
Servi ce, - aRiiGE 8 a%id ey o BORURF etlebrion parorgpto Trscraiaa@e S i 1o 100
operation. A bran movd e Gl bR du il HOUL Ml aGipR IR PO pBEC 1O

ext ensi on wijreent @0the trdiling edget FMdurinythe dgiescqient Bhagingopeationt eri al may be
applied in one layer or nore than one |layer. The preferred approach is to

t I A first I . 106, in Fi 9,.is applied first.
e e o Pk UG P SRHD b g heson sy B0 ks ! e
has good iriling SIRCSE! WhehRE Adfdrlof Say BCaplibd ! id BYE[aydOG: byl hab! Y 2

slurry of powder particles of a nic e superal 'oy of the sane
mat eri al alayet dheasefemeat gipraich it treusedwdllayerand firsugyer 406 Rbhoem id FRure) t he

preferred gase. The.fjr | ayer 106 y .instead be a_slurry of another

type of al ﬁo‘ﬁ ,apg]llf%hﬁraé ﬁf’epﬁ‘? L1ed) gﬁéi‘%"% &%fsaH’IFthéﬁé‘th‘N&ﬁ fileyplley a

nom nal coikROESstdo 8 hichAeWEd ' : 5. e c about

9. 75 percent chrggm' ul gﬂégétﬁm% @g’gg‘?@éngﬂﬁoﬁ%gﬁéﬁ% ‘Sﬁ%f?}%ﬂ:%'.aoﬂg@ é%nt

t ungst en, priwder partiBlepef e aivkel-bast ahperall@boiihe 4arde pRERANSs fleWakam@al apout
ti.tanium .abo 5 percent hafnium about 0.05 percent

car bon. | abHEE0BB A SHieH Rengs E2 ThHisumremad ges eRbe SFUHRLAh | BBanace
oA o A0t SSRGS ), 2
t enper at urlé4,tlmvineg alinemired edmpostitivn, ibheeiphiviereRadf hbdk sy Sipefdent EdbaRt | ayer
106 are typicably slurligd Lo polyertyl ene oxi de (PEQ) ‘Carrier Iiguid. witn
-tungsten, about 4.8 percént tantalum, about 4.2 percent aluminum; about 3.45 percent
' titanium, about 0.15 percent hafirium, about 0,05 percent carbon, about 0.004 percent
boron, about 0.5 peréent nigbium, balance nickel and minor elements. The first layer
106 preferably is made of 2 metal baving a first-layer melting point greater than that of
a brazing temperature to be discussed below. . The powder particles of the first layer
106 are typically slurried in polyethylene oxide (PEO) carrier liquid, with the slurry
having a sufficient viscosity that it may be applied into a V-shaped- gap region 108
(Figure 8). The first fayer 106 is applied into and in a sufficient amount to fill the V-
shaped gap regions 108 (one on each side of the nozzle vane 46, see Figure 9)
between the extension wire 100 and the trailing edge 50. The first layer 106 is
smoothed to provide a good fairing of the shape of the extension wire 100 into the

airfoil surfaces 46, The slurty is allowed to dry in place by partial evaporation of the

carrier. Complete evaporation of the carrier eccurs in the subsequent heating step.
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having a sufficient viscosity that it may be applied i \: S d gap
region 108 (Figure 8). The first layer 106 is appli ed?ig' %F%elgﬁ?f%ﬂga

sufficient anount to fill the V- shaped gap regions 108 (one on each side
of the nozzle vane 46, see Figure 9) between the extension wire 100 and
the trailingsedgd lagr 1TOef hibtsk comyesitid®B dpplicd ovalyngcihe dirgtriewr d66.2asgood
fairing ofd;ﬁlge shape of the extension wire 100 into the airfoil surfaces

46. The sl drPynii8 Hgwsldd The thognd kypn hkbisgrefsarbly GISF@Q}@E@YﬁtHi@WI'bﬂSGt he
hoat i ng st Supeiiis GHARERIECAR 1Bk aFRIGE SfterAfS Ub1ing ol oFdPREGUGR'

conposi t i orcobfpoapitlithads e ihay itlﬁhgbrbilﬁ% fdnihathRY She EebondaAfyer SN0 \Wrefbrablyi gur e
10. The second layer 110 is preferably a second-layer nickel-base

super al | oy inelydest deastcipweprnpepents,i Gisetonpopentshavingd fitsy-componenymeliingt of at
| east one nt.that .is.less than the brazing tenperature. The second
ayer 110 SPEIGanyha e g Tneilide aifs Segdomamottit B e ssstionent
having a ficogipofi@RSEIeRY pdiRi febdHan BRIRIZIAY RApEAanibaR hb& Prédtéd\dbcond-
tenperature and a second conponent having a Second- conponent nelting point
| ess than daser pickel-bagetsepgreliest israetworcamsmept mixtuiearf epaemht by ayaght of

ni ckel - base, super,al |. LS a twos.conponent m xture of 60 perc by I ght
of ReneR %??enﬁgZéP%gi’gseswg?agW Wwa%d’@g:‘fbaﬂﬂc lf?'e?"@ggﬁ'f _Oﬁ_g{%si éﬁf of
ReneR 80 nidkkbasBanBefMlIB koY nRAKLAN biTesl hiditoRorl dReighd oflollysi | 1 con
and optionally boron to reduce its nelting point. This nodified ReheR 80
materi al h&eraa teowilueel its osttingspdiitonThis modifighRemer 8¢ ntaterial hab e utontna6

percent carbon, .about 4.5 percent _silicqn, about 14.0 percent_ chrom um
Bbout 9. 5 SRBLTIROR o3 Piiehh Beiienty o6 APaRUE PP faEhAR. ADB 44, BIFERcent

ol ybdenumiiabiguiboh GAREREEAH: dHRE HboRP9! peledht BBLIEHouf b 4Tty about

0. 65 percent boron, about 0.03 percent zirconium balance nick and m nor
el ement s. Titmigec ebalit| 40 eperdeh® malybdenamy abpet 4] @etchitc kimgsten, hbduti 3.0

typically f t 0.020 t bout 0.050 inch .5 to 1.3 1 t hi ck. Thi
braze  rmht B%fﬁé%fﬁﬁ%ﬂ%%é@?@ﬁég@gﬁgenﬁ lfogorgébgﬁtaﬁlg)g aeﬁpeghﬁvw%‘eaq%ﬁc -
uncoat ed_ogicflaf idnidof SleRlcARC iR SeaINRIE ] 114l B By %rmmcﬁ%%h@%sf such

as that set forth in US Patent. and an i fprovenent of up to
- about ten tipxadyvien abouit @62Mité bban 0.050 inch (0.5 to 1.3 mm) thick. This braze

material was selected due to its several-fold improvement in uncoated oxidation

resistance as compared with prior braze materials such as that set forth in US Patent
4,830,934, and an improvement of up to about ten times when coated with an

aluminide coating.

An alternative material for the second layer 110 is SA650 alloy, having a nominal
composition, in weight percent, of about 22-28 percent cobalt, about 16.5-20 percent
chromium, about 3.8-4.4 percent titanium, about 2.2-2.8 percent aluminum, about 1.9-
2.4 percent tantalum, about 0.6-1.3 percent niobium, about 0.4-0.65 percent
molybdenum, about 1.9-2.25 percent tungsten, about 0.95-1.25 percent boron, about
0.03-0.08 percent hafnium, 0.030 percent maximum oxygen, 0.030 percent maximum

nitrogen, balance nickel and minor elements.

The braze material 104, including the layers 106 and 110, is heated, numeral 86, to a

 brazing temperature to melt at least a portion of the braze material, the lower-melting
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al um nide coating. An alternative material for the sec |.aver. S
SA650 all oy, having a nominal conposition, in weight gggﬁ%tﬁ%serﬁgbout
22-28 percent cobalt, about 16.5-20 percent chrom um about 3.8-4.4
percent titanium about 2.2-2.8 percent alum num about 1.9- 2.4 percent
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percent ma Asidelafo aze

mat eri al 3.\35&!' nc u&f ng Qﬁe@%@%?%%@ df%%mzﬂg %@% , R n%tr%g to a

brazi ng t enjmeneltingepdiot ofile latvet-prkingacopgionenofothe tsbeondriags lfmt&ﬂllads "the

lower-nelting 11 13 Septenber 2006 conponent of the second |ayer 110 in
“the pref erﬂ@a%wlﬂq%/m@a?ﬂ the bageametal oi the nerzle yany 42 wid thaexigpsion witgane 42,

t he exten5| I al

br azi ng terrggr %gga?%%ﬁ&%g%%}%bpﬁﬁ% ¢ trngﬁéf't ﬁFSéI] seggtagaﬁélrﬁ]?han
the mel ti ngraferical erfbodifRnd, @echrariBg tdnflerA RIS TR altfut RIF°F &6 ansht bayer 110
and less than the nelting point of the base netal of the nozzle yane 42

and the ex{E#¥ited23R e thaﬁﬁﬁembgblstabgvedhp Ib;aZilmstsmpbtahlrQ,Iﬂ@M i8Ag poi nt
f the fi th f

Cenper at ur BOTAEH Efmpeiitnr b0k SEeof R H1B mSoREe FEET porsd Esmiloine o ¢ ne
assenbly i amﬁbl@étﬂ i&aﬁmdwseme R wi e iR VI Whefirst ta%ﬂ&x@%é%e POWELe pagRERONENT

of the second |ayer 110 nelts (the ReneR 142 powder remaining unrrelted)
infiltrate8 ﬂlﬁéirﬁidﬂmsrloﬁa@yi wéts thectrdiling edgesfeandlibe extention wire 188pon

articles the first 1 wets the traili ed 0 and the
gxt ensi on W }lél 180* t%%?{a o[)els? ﬂbﬁ’t@eg’%é‘f’%ﬁ%‘% %‘%‘Q%‘H’?gﬁi’ 2™z ng
t enper at ur enéRthrite! tHEBhEIH EGnpRRM sdIRIME! AdWdhds TR Bt ROwWRE TREREA!

solidifies and bonds the extension wire 100 and the braze material 104 to
the trail i thg beapganattmid g tolﬂmﬁmhlmgwdgaﬂhnohgh fhenaéditomad ¢henfixiahbrazd étfal as

shown in F trallln ext ensi on .1

descri bed %#853%%%5‘ F@&%Lf BE ‘?"ﬁ 8@@ XY, ﬂ@' ﬁ%‘et‘{%"rﬁ’%g, an

appropri at grogéiRifdllcARY th%alﬁﬁér&i@%@xte%&oﬁﬁ 19%48"hB%n appropriate amount may '
be removed, as by grinding. '

Because of the curvature of the nozzle vanes 42, the lengthening of the trailing edge
50 reduces the dimension Do, and thereby reduces the pairwise throat area of the two

adjacent nozzle vanes 42,

Optionally, the trailing edge extension 112 may be coated, numeral 88, with a
protective coating 114. The coating step 88 usually is performed in conjunction with
the application of the same protective coating 114 to the remainder of the surface of
the nozzle vane 42. The protective coating 114 may be of any operable type, such as a
diffusion or overlay aluminum coating of the type known in the art, and optionalty
with the application of a thermal barrier coating of the type known in the art.

The extension of the trailing edge 50, numeral 80 of Figure 6, is here described as part
of the overall method for achieving the desired final throat areas. However, the

extension method 80 may be practiced by itself, for other reasons.

12




Because of the curvature of the nozzle vanes 42, the | thenin t he
trailing edge 50 reduces the dinmension Do, and thereb?gggag%égg)t@é

pai rwi se throat area of the two adjacent nozzle vanes 42. Optionally, the
trailing 6%1916 extension 112 nmay be coated, nunmeral 88, with a protective
coati ng 114he Figps €588 aregeptaiqsl BB ansthed pajr dfngzelefvansret?, nnmeeh POt olh wi t h
the applicatjon of the same protectiye coat] 114 tpo .t he remainder of the
surface of OI.{hﬁé’aﬁﬁ)? P‘ézsz‘a eggr_e Wﬂ@eré'r%¥‘?§€‘fqt€gle sited dimepsiopy fo bieYe any
oper abl et ¥RGlesipdiChnad Paifwise tHrhiSr t PSS e Qud|n coating of the type
known in the arlt, andﬁopt iSonaI 'y 93[\,‘\}% ?’E‘g %@gaﬂ on of a thermal barrier

coating of the type known in the art. The extension of the trailing edge
50, nuner alhg@6ndftotal fuwat afa tirpehmnge thgmovidbddiuarrg 821 as @f inphiepavareeted. | -

nmet hod for_,.achj.evin he desired.f.inal throat areas. However,.t

ext ensi on PEh pggg H%&“ZSE’ Wﬁ%g? g@&laﬁfﬁ‘ie?%é‘?s@%hﬁﬁd tahREs ﬂ}egg'gﬁﬂgl_maiz -
---------- eas within® Aal nakdi - -Lepeat ed
for anot he?re?)sa‘lmr gfm%g%lpﬁé%y(% , %au%ngggl raggé? %%‘??Fe éﬁa%%o&ﬁ%%gai rs of
nozzl e vangs tarbénepuopleragesthat@geththcdorisdals gadudinensizZlndrcumfaedtiabve the

desired final pairwse throat area target range (TA) in each case., The
“final totafTUcHIeAs selestedapyaeral Shqdhe seleption chtegion is that & sury of thelr fipal i nput

par amet er . ,,:Ef- i -7 | st abl i shed
o have t HESITRETEk R ool hoftie DR (e A thalpdal Bba BB ATOATS 0 2
target range, a nozzle plurality of pairs of gas turbine nozzle vanes that
t oget her cBrgappsench loéFipase 6 habbeen practické on iaciasinksrof moizze vasds; withgned 28 i s
sel ected, nu raé_p9§§l The sel ecti‘gﬂ criterigogn is that, a sumaof their final
pai rwi se t¥FWE dbe dmaltheqat geeag; bath patrwiserand dotal greapithisy g desiredathrost get
range (TT ach of Figure 6 has been practiced on actual sets of
nozzl e va%g%%%%%ﬁaﬂg%%d results. The final throat areas, both pairw se and
total, are within the desired throat area target ranges. Al though a

parti cul arAkimbrgti avparticdér embodimeantf e Inaenthvadms dess desreibed rin detadi for f or

pur poses of iIIustfr ion, various nodifications and enhancenents mag/ be

made purposes of illustration, various modifications and enhancements may r1*):3 mad:
without departing from the spirit and scope of the invention. . Accordingly, the

invention is not to be limited except as by the appended claims.
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w t hout departing fromthe spirit and scope of the invention. ,Ac ingly,
the invention is not to be linited except as by the aggékﬁgﬂmﬁfgﬁkg. 13 13
Sept enber 2006 CLAIMS: 1. A nethod for extending a rounded trailing edge
of a gas turbine nozzle vane, conprising the steps of: providing a gas
turbi ne nozzl e vane having a |l eading edge and the rounded trailing edge
extendi ng | engt hwi se between a root and a tip of the gas turbine nozzle
vane, and€IgAXMSt of opposed airfoil surfaces extending between the |eading
edge and the trailing edge to define an airfoil profile; affixing an
extension wire to the trailing edge extending | engthw se al ong the

trailing,edge;, appl yi a braze material to the extension wire and the
trailingledge® B§ O}ifﬁ]@‘g?’ftﬁ‘&{“f%é ropnded tralingrqdge of @ ges Wwrhinerngzelemgadat ure to

melt at Lgaslsids BR'stdp9gr0f the braze material and, upon cooling, to bond
t he extensigltfl\ 1\?vlgresagd the braze material to the trailing edge, wherein

there is no dppoidiag angeftubiicefiole Pideetiavidyan 1eadigOb®fe! dndethe GO@IdeAY ONt O
the airfoi| surfaces. 2. The method of claim1l, wherein the gas turbine

nozzl e vHAENE £dae getending lengthuvisechatwaen mirek eind biatie of theemaa tirbing rmadet he
ext ensi o ire.is _nmade of an. ensgi on- w re nickel -base superallgy. 3. The
net hod o?ancr g ﬂalrvﬂ%gqpé’f)ﬁe%t ﬂgé{éiﬁ?&eﬁ SKteping befwess tg%i‘?@‘&f’ﬁ@? #foy has a

‘nom nal - gReRAfIplddgR td defiifiadRirfdiehoft Oof about 12.0 percent cobalt, about
6.8 percent chrom um about 1.5 peréent nolybdenum about 4.9 percent

tungsten, aboaffixing £ eaenmstont wird enihiertrailkdoedgeCoxdndiY Rfthwise Rlcgie about
6. 15 percegt al um num about 1.5 percent hafnium about 0.12 percent
carbon, %HHUES4EH15 percent boron, balance nickel. 4. A nethod for

extendi 0G . TBHVIAS bl baia RRe Sliofifiiirt WA e > COTPY ST O
heating the braze material to a brazing temperature to melt at least a portion of
the braze material and, upon cooling, to bond the extension wire and the braze material
to the trailing edge, wherein there is no deposition of material other than a protective

coating onto the airfoil surfaces.

2. The method of claim 1, wherein the gas turbine nozzle vane is made of a

nozzle-vane nickel-base superalloy, and the extension wire is made of an extension-

wire nickel-base superalloy.

3. 'The method of claim 2, wherein the extension-wire nickel-base superalloy has
a nominal composition in weight percent of about 12.0 percent cobalt, about 6.8
percent chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about
2.8 percent rhenium, about 6.35 percent tantalum, about 6.15 percent aluminum, about

1.5 percenf hafnium, about 0.12 percent carbon, about 0.015 percent boron, balance

nickel.

4, A method for extending a rounded trailing edge of a gas turbine nozzle vane,

comprising the steps of:

14




14 13 Septenber 2006 providing a gas turbine nozzle v avin e
rounded trailing edge extending |engthw se between a f:gg?l’q?jﬂ rgopgp of the

gas turbine nozzle vane; affixing an extension wire to the trailing edge

extending | engthwi se along the trailing edge; applying a braze material to
the extension wire and the trailing edge, wherein the step of applying the
braze material includes the steps of: applying a first |ayer of a high-nelt

cdge,  and 1 nebBuRid: PER GMANARRE R ilE o ThRIE Pl e BRnag 172 1 10

over | yi n@ngiherided Bebednai@bt andndip $aBE ROl RéAFS 0Bt erial to a brazing
tenperature to nelt at |east a portion of the braze material and, upon

cool i ng, to baffigingvn extensingi wire tu the trailing bégehexderdingalengthwise alangtthe trail i ng
edge. 5. TBS t hod of claim4, wherein the first layer is a first-Ilayer
ni ckel - PAEEPEERFar al | oy having a first-1ayer-nickel - base-superal | oy melting

poi nt greater I - : Imb5,
wherein the fellﬁrﬂsﬂ?{'1 tgﬁ?zeﬁ?%ég{lggg@%&%%%ﬁrg%nfi}ﬂ@gg@é%te ’h}{(;erknéitlhe group

consi st i thg skp of applyhip the brised mbessl intlnééstht siephélyi ng a nomi nal conposi tion,
in weight percent, of about 7.5 percent cobalt, about 9.75 percent
chrom um aboarplying agustclayer of pohighranalifilleratliontin®. Degpeiesiontbetwergsthen, about

4.8 percent tantalu about 4.2 pergent . al um num about 3.45 percent
titani un‘?x%b"&w’é‘?i‘iﬁ?}s?féﬂ% eﬂ%?’ﬁ?@lmer%ﬁt 10.05 percent carbon, about
0. 004 percent,3yinns s&bAd fayer éfa%ﬁf@élﬁnaﬂliﬁg%!nwgeﬂgg MGRslhfdehng and a

second ni ckel -base” superal I'oy, havi ng osition 1n weight

percent of akwmating thebrinermastatialao hdirizingtempierdiu®@ tp atettea leasty portiomefabout 1.5
percent _nol ybdenu about 4.9 percent tungsten, about 2.8percent rhenium

about 6.thsbrase madgrial andh upen pqolindigtbosd the exdensian wise and the hjaza pwierial | 5
per cent thz%lfingru[r}_l about 0.12 -
0 the trailing edge.

5. The method of claim 4, wherein the first layer is a first-layer nickel-base
superalloy having a first-layer-nickel-base-superalloy melting point greater than the

brazing temperature.

6. The method of claim 5, wherein the first-layer nickel-base superalloy is
selected from the group consisting of

a first nickel-base superalloy having a nominal composition, in weight percent,
of about 7.5 percent cobalt, about 9.75 percent chromium, about 1.5 percent
molybdenum, about 6.0 percent tungsten, about 4.8 percent tantalum, about 4.2 percent
aluminum, about 3.45 percent titanium, about 0.15 percent hafnium, about 0.05
percent carbon, about 0.004 percent'boron, about 0.5 percent niobium, balance nickel,
and

a second nickel-base superalloy, having a nominal composition in weight
percent of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
molybdenum, about 4.9 percent tungsten, about 2.8percent rhenium, about 6.35
percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about 0.12

percent carbon, about 0.015 percent boron, balance nickel.
15 -




percent carbon, about 0.015 percent boron, bal ance nickels, pt enber
2006 7. The nethod of claim4, wherein the second Iayé?siegt%%bé%%@ﬁd-l ayer
ni ckel -base superall oy having a second-| ayer-ni ckel - base-superal | oy
melting point less than the brazing tenperature. 8. The nethod of claim7,
wherein the second-I|ayer nickel-base superalloy is a mxture of a first
conponent having a first-conponent nelting point greater than the brazing
tenperature and a second conmponent havi ng a second-conponent nelting point
| ess than the brazing tenperature. 9. The nethod of claim7, wherein the
second- | dyer Rhekethod®felaim fe mdletedty thesseeondniydriis e sedond-léyer sickel-sisel - base
superal | oy, havi.ng. a nom nal. conposjtion in weight percent of about 12.0
per cent %f?ﬁ?ﬂ?? haying: 2 geagn ‘éWE?é‘I’HC?(E“P@F‘ﬁsBPﬁral&b’oﬁlﬁlthgﬁ?%@r legsthan#Be yhdenum
about 4-@&@%@&%& gsten, about 2.8 percent rhenium about 6.35 percent
tantal um about 6. 15 percent alum num about 1.5 percent hafnium about
0.12 percent carbon, about 0.015 percent boron, bal ance nickel and m nor
el ements, and_a second ni ckel -base superal |l oy nodified by the addition of
silicon &nd bbomethed dfivlaing whereini thalseomdgaysr ticke]-base snpérghoy ez cent , of
about 0.16 percent carbon, bout 4.5 percent sil.icon, about 14.0 percent
ohr omi urBE A Aot fapRaent his ?%ﬁfﬁgwnﬁ!tgn%@%s%t greptgh ﬂli’ﬁ]tg%lbout 4.0
per cent i 4 L

Bl U nurs AR CBOYTURTBN o P SeRbod TG o BRtbrdodel BB ) ance
ni ckel grudntrfessabancthe baning terhPeratiiee met hod of claim 1, wherein the brazing

tenperature is fromabout 2190 F (about 1199C) to about 2240 F (about
1227C). 11. A nethod for establishing a final throat area of a gas turbine

roor o e OF cBih, f i iefein ST RedoRy gt RRachERR sShérafiyft &1 N9 @
mixture of
a first nickel-base superalloy, having a nominal composition in weight percent
of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
- molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about 6.35
percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about 0.12
percent carbon, about 0.015 percent boron, balance nickel and minor elements, and
a second nickel-base superalloy modified by the addition of silicon and boron
and having a nominal composition, in weight percent, of about 0.16 percent carbon,
about 4.5 percent silicon, about 14.0 percent chromium, about 9.5 percent cobalt,
about 4.9 percent titanium, about 4.0 percent molybdenum, about 4.0 percent tungsten,

about 3.0 percent aluminum, about 0.65 percent boron, about 0.03 percent zirconium,

balance nickel and minor elements.

10. The method of claim 1, wherein the brazing temperature is from about 2190° F
(about 1199°C) to about 2240° F (about 1227°C).

11. A method for establishing a final throat area of a gas turbine nozzle
circumferential structure, comprising the steps of: '

providing a final pairwise throat area target range;
16




13 Septenber 2006 providing at |east two gas turbine ggéééetgmgg,%s
thereafter determning a pairwise initial throat area be en each pair of

gas turbine nozzle vanes; and thereafter, for each pair of gas turbine
nozzl e vanes whose pairwise initial throat area is not within the final
pairwi se throat area target range, extending a trailing edge of at |east
one of the gas turbine nozzle vanes responsive to the step of determ ning

the initial pairw.se throat area,.so that the fi n§I pai rwi se throat area
is within thePoVigaE Pdeashivieeasipyine norels verssglersalifige, wherein the step of

extendi ng i ”Chéig%ﬁnfggga ?)EERIFsIeOlBi'tiaPrtﬁ\éhtd%:{I{égn Hfed fe&cﬁe%a%aﬁf %E{a Ripfenozzl e

vanes having a roun ral1ng edge e I'ng 1 engthw se“between a root
and a tigogfe ¥4n8s;3Ad thetbdTioncfon 8okl iR t@biexiorde dan@kIRIE paitwiwer e to the
trailing edge extending | engthwi se along the trailing edge, applying a
braze maingial diroghaeed iy npigwithio thxfingl peiswisgithreatarep tabgst rangel i ng edge, and
brazi ng the brazed.materi.?l to th ex{eensi on ¥\/| e an\c}?%o the trailing edge.
12. The net hotkighding & tilng <ggs ofi o ARl Qqsept dre @ADL WIMSgn9%5ta V%S the step

of  providing: | k: ; r.bi.n nes

t oget her fegl%:)(ﬂrrlglrvi%st ? ?\%ez %tﬁ% Bg gg@mﬁ;ﬁgg%e 21%;1%5%28{:\71?%2}#&; ragénaf ?%F}Q% ﬁeﬁglz%r e. 13.

- The et hpdrwife thredtardalis whikihube figalogniBeick throdiadresstagiet rafgepivherehi thg a fi nal
total throat area target range, and selecting a nozzle plurality of pairs
of gas tHemeirxigngding iacinderctbe si6as of oget her conprise the gas turbine nozzle

aroas |5 wi @ HORVEHE P e s i e o e A ta = e MR ot nou o

cl al m 1, o} aehiEiegnAe el dch@1Bbt H1%Rip B hEfnd ARl faRfvagating, of

applying a pr ctive coating overlaying at 'l east a portion of the gas
turbi ne nozziféxingren extehsion wire to the trailing edge extending lengthwise along the

trailing edge,
applying a braze material overlying the extension wire and the trailing edge,
and

brazing the braze material to the extension wire and to the trailing ed ge.

12.  The method of claim 11, wherein the step of providing includes the step of
providing a nozzle plurality of pairs of gas turbine nozzle vanes together

comprising the gas turbine nozzle circumferential structure.

13.  The method of claim 11, including an additional step, of providing a final total
throat area target range, and

selecting a nozzle plurality of pairs of gas turbine nozzle vanes that together
comprise the gas turbine nozzle circumferential structure, wherein a sum of their final

pairwise throat areas is within the final total throat area target range.

14.  The method of claim 1, including an additional step, after the step of heating,
of
applying a protective coating overlaying at least a portion of the gas turbi_ne

nozzle vane.
17




e 13 Septenber 2006 15. The net hod of C'l%‘is é&lbe%ein t he
step of extending includes an additional step, after the Stép o razi ng,
of applying a protective coating overlaying at |east a portion of the gas
turbine nozzle vane. 16. A nethod for establishing a final throat area of
a gas turbine nozzle circunferential structure, conprising the steps of
providing a final pairwise throat area target range; providing at |east two

gas turbige n n .ea f t.he nozzl e vanes .havjng a,rounded
aadi ng Siige, THé PEUANE BT lentifin §58 o f YERERg im i a odfiora
sur f acesstep t#ReineGtpairvpeihgd Be | eadi ng edge and the trailing edge and that
define an airfoil profile; thereafter determning a pairwse initial

t hroat area beppges acprotechied coatinggmerlayingianéeasha pattionvengs ;gagmatbineer eaf t er ,

for each ai r of gas turbine nozzle vanes whose pairwise initial throat
area is SWA%ii n the final pairw se throat area target range, of
extending a trailing edge of at |east one of the gas turbine nozzle vanes
responsive to the step of determning the initial pairwi se throat area, so

that theld.inah paithod $& tekublahind @afingl Mohhiafeal BE 4 iddd! wRALE Wicsslet hr 0at
area target range, wherein there is no deposition of ~material other than a

pr ot ect | AEcustfaichiie soretore; hempiisifpihic ssapsbfices in the step of extending. 17.

The net hod of Cl&’?jﬂ'm 1§ wher ei glbrthe ste? of extending includes the step of
appl yi ng a prBPEEMsH IRl Reityise epi AFFPHG &t TaN88st a portion of the gas

t ur bi ne nozzﬁkl‘%ﬁﬂﬁ&?ﬁt 13st e ]gH?ttﬂ'Bﬂlﬁ%oz%ieawﬁe 6ez%cﬂh§1{ ﬁlienrtlézg % ik of

ext endi ng i ncl udes e step o applying a protective coating overlying at

| east a lpvirg rowiled hadipgedelrdictadedRailihg edgd) @nd WiRired Mogpbsedrdigb@ct i ve
coating is_selected fromthe 3r oup consisting of a diffusion alum num
coat i ng BEHcemexdensingmbetypemibelnadieg edgegandithe trailing edge and that define an

airfoil profile; thereafter

determining a pairwise initial throat area between each pair of gas turbine
nozzle vanes; and thereafter, for each pair of gas turbine nozzle vanes whose pairwise
initial throat area is not within the final pairwise throat area target range, of extending
a trailing edge of at least one of the gas turbine nozzle vanes responsive to the step of
determining the initial pairwise throat area, so that the final pairwise throat area is
within the final pairwise throat area target range, wherein there is no deposition of
material other than a protective coating onto the airfoil surfaces in the step of

extending.

17..  The method of claim 16, wherein the step of extending includes the step of
applying a protecting coating overlying at least a portion of the gas turbine

nozzle vane.

18.  The method of claim 16, wherein the step of extending includes the step of
applying a protective coating overlying at least a portion of the gas turbine
nozzle vane, wherein the protective coating is selected from the group consisting of a

diffusion aluminum coating and an overlay aluminum coating.

I_’/'a




R --- 13 Septenber 2006 19. The net hod of I , erein
the step of extending includes the step of: affixing zla%b%tgﬂé%egizgn wreto
the trailing edge extending | engthwi se along the trailing edge, applying a
braze material overlying the extension wire and the trailing edge, and
brazing the braze material to the extension wire and to the trailing edge.
20. The nethod of claim4, including an additional step, after the step of

ext endi n a LNg a.protective coati overlying at |easf a portion
of the g% ¢y RENY BPoReP 8 Fherpindhe FhboLuiie rifehe 65t
affixing an extension wire to the trailing edge extending lengthwise along the
trailing edge,
applying a braze material overlying the extension wire and the trailing edge,
and

brazing the braze material to the extension wire and to the trailing edge.

20.  The method of claim 4, including an additional step, after the step of extending,
of
applying a protective coating overlying at least a portion of the gas turbine

nozzle vane after the step of brazing,
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