REPAI R OF BRAZE JO NT AND ARTI CLE REPAI RED BACKGROUND OF THE | NVENTI ON The
present invention relates to the repair of a braze joint and the repaired 5
article, and nore particularly to a nethod of repairing a braze joint of an
article such as an aerospace conponent that includes renmoving a portion of
a braze material in the braze joint and cleaning the braze joint. Various
aerospace assenbl i RgPAIR OHBIBSABFARSENTD AN ATECICIE RETOSIRIED by a braze
joint. In a gas turbine engine, a conpressor stator assenbly with one or
nore 10 airfoil vanes secured to one or two shrouds is one exanple of such a
braze article. The conpresspy (ﬁ§T | Iy includes a braze
j oint having braze nate#fa Rggﬁ%@&@fn ﬁe alrﬁﬁﬁFésgne to the shroud.
Duri ng Operatloﬁﬂﬁﬂmbhﬁtﬁﬂ@hﬂ@1NﬂMeguimHEqumhe bbawe jomt end dle repyirar ack,
er ode, or experlence ot her braze joint unsuitable conditions that may
requiredr epdli§le. «g nmléadv'éhwgé%asme;vhodc%in@x@w%ﬁalaZ?éﬁaﬁ of agrarti¢le Sbc‘rhaze j oi nt
typically r i NE Lo g i al
(al ong mnthgg@ﬁ%anpﬁggggﬁgggggﬁﬁh?EQE&gkﬁ h¥ ?P@épﬁa ?g%gﬁ%Fﬂ?gﬁ{VVth t he
ori gi nal bnazaamakemumhL&mnmgemehyzeﬁmnnved the airfoil vane becones

separated fromthe shroud. The co ventlonal reanaI proc?ss i ncl udes
conpl etely removY KU RETBPALS ESHRTRAIC ANC U PP aRD % Seradidessthenbivdiat i on

products, and,.of REr, COREAMRANG &t Q Pn'&x &hen 64! as@@q‘é gcw ulﬁgﬁé‘&nﬁar g

stripping processes, such as mechani ca punching or el écnro-disc
machi nilng. kwmm@nammn@hﬁt@hyonennumngwbmﬁ1bmmzexmapbnﬂamcmmdnmmnnambnat|on
the joint area may be ni ckel ted 1 n the airfoil vane and shroud are

rebrazed usm‘r‘i’gC%i“l?@sst?év@‘%i?‘azléseﬁﬁ’c rlyRira y‘rwa%u%p@ Bz Ve R BRal %% pai r
process rraynﬂ@nzﬁ%ﬁﬂ&lt%@ the aﬁ'mr LS 1ﬁ£“émtohﬁ'er)999§BB&QQon rﬂ?eeent fnere is a

need for a sinplified néthod of repairing aerospace assenblies that
over cones tdver siner ttcomiraxgsmadaldmawbaiecdks eoddet e qepemmancardther SUVMARYNOF THE
| NVENTI ON . . . .

unsuitable conditions that may require repair.

15 Disadvantageously, conventional repair of the braze joint typically requires
the complete removal of the original braze material (along with contaminants
associated with the original braze joint). With the original braze material completely
removed, the airfoil vane becomes scparated from the shroud. The conventional
removal process includes completely removing the braze material, corrosion

20 products, oxidation products, and other contaminants through chemical and/or
mechanical stripping processes, such as mechanical punching or electro-discharge
machining. After completely removing the braze material and contamination, the

joint area may be nickel plated then the airfoil vane and shroud are rebrazed using a

new braze material. This type of conventional repair process may be expensive,
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laborious, and time-consuming.
Hence, there 1s a need for a simplified method of repairing aerospace

assemblies that overcomes the shortcomings and drawbacks of the prior art.

SUMMARY OF THE INVENTION
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The method of repairing a braze joint and the resulting joint according to the
present invention includes removing an unsuitable portion of a first joining material

in a joint between a first member and a second member of an aerospace assembly
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30 The nmethod of repairing a braze joint and the resulting joint according
to the present invention includes renoving an unsuitable portion of a first
joining material in a joint between a first nmenber and a second nenber of
an aerospace assenbly - | and cleaning the joint. A stripping solution is
used to renove the unsuitable portion of the first Joining material. A
first cl eanhdglesohgtihominisAuseehibosdlieanistised poientoyve amduizsuiiglde padionl eani ng
sol uti on isfﬂse .to.furthen,gleﬁn tggbointr.EUrin% a err zi.n stap, a
second j oi Ml HY WELGM B MREVIES At AP CAWEE GO MEPY 1Yt fecERhBdaMirtetli% abl e
portion ins&dliedafm%dlu®hePud@ b oime cReMWiOb M. betveerbthend dksta menber
and the second nenber that includes the first joining material and the
second j oi nEevgdreinery mhteriginmorgs ieanptie left he tist ichppehgnsakblcipontiénsinaci di ¢

and di ssolves the unsuitaple portion of the firstjoinin erial .. Enough
frrst s o niigromtal o Paman AR R0 Ry P okof Shm i Sl ah i fsttur a

connect i on nRetye et tilteudek figt fikERhel, andrithedsre aRdnd Dimmaheterslich that the
first nenber does not separate fromthe second nmenber. |In another exanple,

the first cleanilngnsgkunplonthisaipdessanicl kakidigratdafissatptst ba usalitablsat h t hat

cl eans the jaqint Lemovi-ng rena ng stripping solution fro t hej oi nt and
Gi s2orvi ng PO et R TRNS lRTR T Rk B2 oBRL L raRibf 8 be kBT,

cl eani ng s@b uhiiPMid shcafragingdl SOhEti@n behakn b8 b hlebeela@anse theond oi nt by
removing remai ning first cleaning solution fromthe joint and dissolving

cont anil Rantsentlies suahhéplohafirst nendiwo tlersrmog sepplieroa thesesiond aweaiber.s deposi t ed

between the first jojnin terial _and t.he ond. j.pi.nin terial, to
oromote vetting hridOPTousrPihant dsmatelf P RS Markhion " RUE by

rebrazi ng si@en s20 bihahpresesthd puenlirenotingrehonmgsimpind s@stusepanr of an
aerospace assenbly by elimnating the need to conpletely disassenble the
first menbéle QHY aBEEBRIYINgERPEM R 18B0F i0Us| y chenical |y and nmechanical |y

rOEén'?'\liIE H:]\)iv\J' ﬁi(;gilﬁgangﬁltep re:k?r%plepﬁieoge%oﬁch%leraﬁi%as%.hn%nsirseef?l' 248 BRLGH HRSCRI PTION

15 further cleans the joint by removing remaining first cleaning solution from the joint
and dissolving contaminants from the joint.

In another example, a metal layer is deposited between the first joining
material and the second joining material to promote wetting and flow of the second
joining material during the rebrazing step.

20 The present invention therefore simplifies repair of an aerospace assembly
by eliminating the need to completely disassemble the first member and second
member to laboriously chemically and mechanically remove the joining material

before the rebrazing step.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The various features and advantages of this invention will become apparent
to those skilled in the art from the following detailed description of the currently
preferred embodiment. The drawings that accompany the detailed description can
be briefly described as follows:
30 Figure 1 tllustrates a schematic cross-sectional view of an exemplary

aerospace assembly;



The various features and advantages of this invention will becone apparent
to those skilled in the art fromthe followi ng detail ed description of the
currently preferred enbodi nent. The draw ngs that acconpany the detail ed
description can be briefly described as follows: 30 Figure |I illustrates a
schemati c cross-sectional view of an exenplary aerospace assenbly; 2
Fi~"Llre 2 ill Udtigates idnstexanphecsohderaschongroossesseettionnalviaw ey tlegf t he
aerospace assenbly of Flgpﬁe | Ff er renoying al. | uns%itable portion; R'Llre
3 i 11 Ust r at @@ oHE 28eaHY 8" bEvthe I gupHbe *A8dWBPy Pof ¥ gure 2 during a

cl eaning step; Fifirk!s Im@udick | dildsttadlBs oPNBe @XAPIR @fselmlg erpspace
assenbly of FioUre 3 dLirill~ a sceond clcanin.- step; FillWe 5

i 11 ustratesluoneaslanplstcof t he aerospace asscmlbly of Figure 4 durin~ a

rebrazin.- stcpyw.R -ure,6 i]lustrates,on xanmpl e of the aer ace ,assenbl N,
o Bobire s ey 8 dlk SRl g R AR R bl PR cBean
exanpl e a nRfial alseypd ctleposisid bct NNecn the braze material and the second
bl -~17e material . DETAI LED DESCRI PTI ON OF THE PREFERRED ENI BODI MENT 15
HUL11-0 | il usthigtesd allsthereticcoantds 0§ dbe jagivapacgi escoblyapl Feseoyd ary
article SLIClI as al.l ger.ospace assenbly 10 Utilized in a gas Ul-bille

ellgirle. lgnééf%gﬁﬂg%se%Ssenbly Wincludes a first nenber 12 that is

seCUred to a seaquilrd onBohefiesldheatamplddsfane aprobpice h6sendl§ BOBGhrd § aitsr t 0 be
Understood that jcl(litioiial ntinbcrs and additional bra/e Joints may be
i ncl udéd fithe rcheizgersgdpaee assenbly 10. In orle exanple, the 20 aerospace

assembl y 10 is 8Fi§tg-§‘it7gfmﬁ§t?§r§£‘%yexﬁl'ﬁﬁgl ﬁ@ﬂ%’%@érﬁgﬁ%d%‘i&g{n_@%Sbc‘f y - and

the First nenber 1 a conpressor e nic ascd al | oy,

t he secondnaremband I desoal loerpnessor stator airfoil vane nade of' a

ni ckcl -based all oy, and the braze joint 10 11Cl Lides a ni ckel -based braze
materi al. The term nol ogy

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

15 Figure 1 illustrates a schematic cross-sectional view of an exemplary article

such as an aerospace assembly 10 utilized in a gas turbine engine. The aerospace

assembly 10 includes a first member 12 that i1s secured to a second member 14 at a

braze joint 10, although it is to be understood that additional members and additional

braze joints may be included in the aerospace assembly 10. In one example. the

20 aerospace assembly 10 is a stator assembly such as a compressor stator assembly

and the first member 12 1s a compressor shroud made of a nickel-based alloy, the

second member 14 is a compressor stator airfoil vane made of a nickel-based alloy,

and the braze joint 16 includes a nickel-based braze material. The terminology

“braze” as used herein refers to a type of joining process performed above a nominal

25 temperature of about 840°F, to a type ol joining process wherein a joining material is

liquefied and subsequently solidified to join two components without liquefying the

two components, or to a type of joining process wherein at least two dissimilar
materials are joined.

The braze joint 16 includes braze material 18 that provides a structural

30 connection between the first member 12 and the second member 14 and may include

an unsuitable section 20. Example unsuitable sections 20 could include cracks,

voids, eroded portions, or other imperfections that may occur from field use of the
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-bra/c" as used herein reters to a type o fjoining process perforned above a
nom nal tenperall.lre ofabO.11. 840"F, to a type ofjoinin.- process a
joining material is liquefied and subsequently solidified to join two
conponents w thout |iquefying the t\No conponents, or to a type of joining
process wherein at least no dissimlar matcrials arejoined. The braze
-joint 16 ispobprtessisndze | tafreninadnuiturhat opfroN @herssoarcss. rIU@tn@Jrealampm

i bet.' Il .th
oo T 100 uRglibE R S0Py bt 8e DT RGnsbh o R 2D PR iR 26 voul d

i ncl ude cr a\mkls)scop\{@melg on@hOIERr PO LLONS ofMhicRinkes at hiadrodtBYicQkdn flie 0111
field use of the aerospace assenbly 10, from manufacturing, or fl-0111

ot her sour &&T of pe\gFfé caXBRpre. unsuit abl e portion 20. the size of the
unsui t apl e pO”'F?’Lr@Q lﬂ‘?‘ﬂ%?e% ’lo%ﬂgie' g E%Poébac@a%sfe&%‘r‘pﬁ’)ﬁﬂa l%ﬁ]OQﬂ]{gt Ihe or der

of a couple of m<ro

centi et er she 5n£lnglil’eep(ﬂtlbh |1£I)Stl$’1ﬂg asstappla&agasphmoﬂzehfwaaeros@aﬁallas&enbl y 10
after renoving the unsuitable Fortlon 20 using a stripping solution.
Renoval of PPHENUHSIFYeH! 8oidpdr vhes tho upsrivkls ReTie 40 2o nwrhb/r@a% lesalgtsui t abl e

portion 20 ljn 813(1 S!l %g)fﬁ egorlutéés%glea%fl%}(’ 241?4 Qlfh&%?ﬁa%@ét ga[s§e(?1 Bty ion, a

mask 24 is a glxe I'nc a portion 26
of the bram&ﬂwph@hl&@nbhﬁﬁumszﬁotukdwm&jbemnaemnbyn@M£tﬁOesbwuppyﬂg
solution. Tile mask 24 could al so cover other portions of the stator
assenblly. BHIPGHE eXlalinpl &he thesknasicogh! 59 eiayct REEmatenppale js6ilgit 16
except for , Lhe) qﬁ%n‘saﬁghﬁ )§ee?l Q01294 J 1§t|{55‘%mpé Bﬁd'zgﬁmhh?() %g %'['tf@rge of

sel ectively reno t bnSU|ta ?e section 2 removi ng or

ot herw se alid emetunmlgLtslacﬁndmr.‘kfze'”mmhmmpam1de181eafd\ tiegpof tdlanv2l. rehfovirgg t o be

understood that in other exanples, the mask may not 15 be used, or. may he
used to covi UiydillF seralen Y &l&ﬂ%f%ﬂ%\mquthﬁae'aVé%eoaétféeao dedupts Patggal | n

anot her exar@ml(?he}? ﬂUghobIrl @H@E@Ensﬁ‘;’odj@al n?gmep xin lEJﬂ'%ebﬁ]Q'%(emboh&t 16

after using the stripping solution to maintain the structura Cohnect i on
bet weenst hée ked,str manbenscli2oandert d‘&ehts:elabhldzdfr_ﬁnhenn 1 suedpathadsemhl fir st
menber doeﬁopot
In another example, enough braze material 18 remains in the braze joint 16
after using the stripping solution to maintain the structural connection between the
first member 12 and the second member 14 such that the first member does not
20 separate from the sccond member 14. Maintaining the structural connection may
provide an advantage of not having to completely separate, and subsequently
completely reassemble, the first member 12 and the second member 14.
One example stripping solution is acidic and selectively dissolves the
unsuitable portion 20 portion of the braze joint 16. That is, the stripping solution
25 dissolves the braze material 18 without dissolving the material or materials that form
the first member 12 and the second member 14. The exposure time of the acrospace
assembly 10 and braze joint 16 to the stripping solution corresponds to the size of
the unsuitable portion 20. An example exposure time is on the order of days for a
microscopic crack. In another example, the exposure time is on the order of a couple
30 of minutes for a macroscopic crack. Generally, it is more difficult for the stripping
solution to penetrate small unsuitable portions 20 and, therefore, more time may be

required for the stripping solution to dissolve the braze material 18 in a small
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20 separate fromthe second nenber 14. Maintaining the structural connection
may provide an advantage of not hayim to conpletely separate, and
subsequently conpletely reassenble, the first nenber 12 and the second
menber 14. One exanple stripping solution is acidic and sel ectively

di ssol ves the wunsuitable portion 20 portion of the braze joint 16. That is,
the stri ppumgusiblmp(i)l@nn 25any] @smp@ésthﬁ rrbssmvadé)lm exjcalal 118 w@tyhcﬁwe

di ssolving th nRt.er ﬂ hat 55;3 nber 1? and the
second nenbel 4 "THETE 8810@3'““ pt“cﬁes‘ ?y i%”"é””‘%ﬁé’%:e“ agssg%lexalf “&nd braze
joint 16 tehikhAsidlerR Qplemg\écobm harr eiasd @spreadsmb caltieh&l.ze of  the

unsui tabl e portion 20, An exanpl e exposure tine is on the order of days for
a microscopic cretR.3 IHSHAGE Hee exaiy ef hhacospissursectiblvel ¢ dUBAg tthe” or der

of a couypl %quglcﬁfswrp pnget% lﬂé)&e&}nﬁ%%,ﬁﬁ?ma& 2! %%mo%cﬁ@( F"W] fhdm erermr €

difficult for tiron to penetrate s Sui 't ab

portions 2Qoaiuh, Gh@m&ﬁ@ﬂmamnDQ@VFlMﬂmmgyabaddHQQUKheﬂwﬁb$‘mmemﬁkmhpplng
solution to dissolve the braze material 18 in _a small -4 unsuitable portion
20 and trangperdl eHulidics sonld edichidiyelynet eFthl IS avaspacseremiisildile R from

the stri pp'eQEos%HOﬁ%gﬁgwxmn%bp ril{gmtuhg}?lXQ'n o?Bthel | rhe?l? fﬁggﬂl gslo this

residue R is' renove rinse”’ Rer renmova ure 3
|IIustrate&kmnmuexﬁmpLEJQﬁumhenaekosmaaﬁams&eamkyzﬂ@mﬂﬂ%hﬁgma<jémat@an|ng

st ep. Prlor to the cleaning step. the mask 24 is rempved by burning fromthe
portion'26 tavp%mt;srf‘o@tﬁmoewhﬁ Csb%*mﬂg A HBU G AL 481UH 08 GPUEMGHC DR it &t

convention omcﬂ egpyal ﬁﬁhﬂb%% ﬁﬁws&’lu%ﬁ efinald ehy¥ ReRRshis g, agr ospace

assenbly 1 exposed. suc I nrersion, rinsing, spraying or other
nmet hod of ¢xp@sumu 1G4, ol msmeaangmsmhuUemam321WN|belensdeGOEXam@hanber 34

at a predeterm ned Cle@ﬂb gg}O te ture Durin the.cleaning step, t he
cl eani ng sSEPUEMEHIERNFBTHW e&ﬂ“F% %Y ﬁicﬁ%?$?%ﬁ‘ HCENY O R Wdaétrlpplng

sol ution, af, u!;]%%tde?%ﬂ%dC&Pttﬁé“a@?d%%e RAMbRE 100078 KRldNbpd&riofngh s esi due R
that may remain in the braze joint Exa I contanlnanPs i ncl ude oxi des,

net al d%i desptagommosihonindriodct syndivnongani e bk enatalid, durimataesiibat¢@iedieposi t ed
on the aeros ace assenbly 10 during field operation, and 15 contam nants
that i nhi bi'tOfB%PERE et ti ng of a braze material during a subsequent

The cleaning step may provide the advantage of yielding clean surfaces on
the aerospace assembly 10. That is, the cleaning step removes contamination from
exposed surfaces 36 of the braze material 18 and exposed surfaces 38 of the first

20 member 12 and second member 14. Clean and essentially contaminant-free surfaces
36 and 38 may promote formation of a quality braze joint between the first member
12 and second member 14 in a subsequent rebrazing process. The terminology
“quality’” braze joint as used herein refers to a braze joint having a braze material
that is generally free of major unsuitable portions, such as macrovoids.

25 In one example, the cleaning step occurs in the chamber 34 at a
predetermined cleaning temperature range of between approximately 775°F to
950°F. In the predetermined cleaning temperature range, the cleaning solution
dissolves the contaminants, thereby removing the contaminants from the braze joint
16. In other examples, a selected cleaning temperature in the predetermined cleaning

30 temperature range corresponds to a cleaning exposure time of the aerospace
assembly 10 to the cleaning solution 32. That is, a selected cleaning temperature

near 775°F may require several hours or even days to clean the braze joint 16 and a
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rebrazing process. The cleaning step may provide the advantage of yielding
cl ean surfaces on the aerospace assenbly 10. That is. the cleaning step
renmoves contam nation from exposed surfaces 36 of the braze material 18 and
exposed surfaces 38 of the first 20 nenber 12 and second nenber 14. C ean
and essentially contam nant-free surfaces 36 and 38 may pronote formation
of a qual i sylefrdzlapiogntmbecwesn’ it h@yflﬁfntstc sreRtabmingigs ahéV@b%@ﬁ@idSn@nber 14
in a subsegyent rebra2|qgupro ess

used herel nrvarer 6o 6P AMHBIES R Err S EaThR) S e Phlng RPERS ' T

general |y fsne& ofd tﬁB—JCQEimUQ%Mp(BS@N €mpod bd@vs) istIGhl @8 MRGIOVOIdiSove2 | N one
exanpl e, the cleaning step occurs in the chanber 34 at a predeterm ned
cl eani ng téﬁf%‘r%ﬂ—‘t PP hGeN B I IHEP NSO H}ﬁd%*é%@wﬁm‘ dpypugly§pt g gualggdiraze n t he

pr edet e[%a &g ¢! %Wagb%@w? (@ g ﬁugﬂ%f 16N dClh%aé%'c@% slid-ory ;i ssol ves

the contaninants novi ng confam nants fromthe braze 10|nt

16. In othenhﬁaamwh@ﬁwn@b@ebeﬁted cl eaning tenperature |n t he predeterm ned
cl eaning 30 tenperature range corresponds to a cleaning osure tinme of the
aer ospace asser%wwmpﬂeoclﬁmn%P%Wlhg~ sulsies gp agal lvﬁak mP en glskitbct ed

cl eani ng t aTRel AHM I ¢ )%§QECI7J§F2@P¥aIH RO %glh%%\ll%aﬂc&%mt%nPHgg\é?%, %:gs to

cl ean the braze oi nt ecte canin.- Fine near

require serﬂﬁmbxmhpmtes:65meM§mﬂ8@mnmﬁ9mhmwsokeahnghﬂmbn ajddomdéthd6. | n one
exanple, (lie selected cleanin eragure | éﬁg& ?nd t he cl eani ng
exposur@ t S 115 agsation tedhe pika c'“ﬁ‘ﬁ ipraferaby. nlutfe%'\%tlbn}e eNartlcaEL | Li at e

amount - of %8“‘&185“33% henii 8’1'6&}0*%901Q‘il?a"ﬁ%h&%“&hhjogul%ﬁu%l biatk n?et@%a'nf braze 5

joint is forne between the Firs “t he second ielrtlber 14 il
a SUbseqUenmuoabcaibenma,ﬁﬂmcﬂbﬁlnﬁnéc&mamglﬂﬂmkmaﬁ]ngwsﬂéwmﬂmnm&& i nChi des
an alkali netal nolten salt PP e |noIH§n sal t bath ncl udes the al kal i

inctal as OH8UPPiREFY TECESt T &9 f‘ Kalh G ‘?““”lgnSO“cB‘ﬂ%b 2 dissapredie he

cl eanin. - %911%1'119{‘11311% ihB G &Véej%lnmg'aﬁn}“lﬁgspoqﬂe(m Ql?s'sél\ @dﬂgoﬂﬁmﬂﬁh%ra\@p@ salts in
addition to the alkali netal. Preferably, the alkali inetal of the~cleaning

SA LI tilén Sansmabkabuohludrﬁanweﬂura&hkaﬁﬂaMcwmamgsohhth@OﬂymmMQr al kal i

netal cleanin SO LlItiOLlS Call ysed The al kal j net al q q|Q% SA Ui On
')2 rnav Clnéﬁt al J[Lﬁé]n rllalgapon away any acidic stripping solution that remains m ne br

joint 10 to thereby prevent the acidic stripping solution from removing additional
braze material 18 or impeding removal of the contaminants.
[n other examples, additional steps of rinsing and quenching the aerospace
20 assembly 10 accompany the cleaning step. Rinsing the aerospace assembly 10 with
cold water removes at least a portion of the cleaning solution 32 and dissolved
contamination from the braze joint 16 and cools the acrospace assembly 10.
Figure 4 illustrates one example of the aerospace assembly 10 during a
second cleaning step. The aerospace assembly 10 is exposed, such as by immersion,
25 rinsing, spraying or other method of exposure, to a second cleaning solution 48
while inside of a chamber 50 at a predetermined second cleaning temperature.
During the second cleaning step, the second cleaning solution 48 removes the
remaining first cleaning solution 32 and byproducts from the first cleaning step as
well as contaminants that remain from the first cleaning step. Thus, the second
30 cleaning step further cleans the surfaces on the aerospace assembly 10. That is, the

second cleaning step further removes contamination from exposed surfaces 36 and
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joint 16 in two respects. First, the alkali inetal cleaning solution 32

di ssokes the contamnants in the bra/ejoint 16 md transports the dissol\ed
contam nants aAav 15 froin the braze joint 16. Second, the al kali inctal
cleanin.- SOL1-1l1lion 32 also may |II1CL[tj-alizc and nansport a% a~ any
acidic strippin- solution that remains in the braze joint 16 to thereby
prevent theé3aoil diremeates fgpialipn oSoHwelitplbraze jon bawesoNiedystadenbero?aind braze
material 1S or i clin.-r val ofthe contam nants. In other exanples,
addi ti onal 55%0883“2%3 rﬁ'r%gi"ﬁef&gf’%ﬁ“ﬂﬁ]eeﬁ)é fi'm Bm%%@' aerospace 20 assenbly 10
acconpany the cligamkngadipep. hRistsindlédmenaekpspace aswerdhybdiOsmath col d
\\atci- renp\es at least a portion O the Ceaning SOLIFOIl 32 and di ssoked
cont i ni nat iP&HcierBHcE hacaond/ Blepuinat lCIBCHAECC 861 REVRY adpEspRasYaseembl v 10.
Fi~"Llrg 4 i11Ustrat N m fiot r C..: e dUrin- a
second gl eé%}”%e.y‘-%”set é%&#h‘gmgéhpg‘@pgzc@ Eaisggn@?yg%ga%gmg%o%g@/d ;Cg%dﬂh%a%s by

i Mer si on, terdSerfituRS| G, scePi@YIRGiIRr sliher digehRodhet contxpiasuEethdéya second
cleaning SO LItion 48 Milc insidc of a chanber 50 at a predeterm ned
second cl eadinpving chiperaniagts iy rthe pjaze gpjet deckingpnd esdniles = se&cegsl  t he
second cleariiii.- solution 48 r ves i -cLnainin..-Fi l.eani n. -
So Lt on 3By BT drh BTty SN e PR e L R e

cont am nantrsndeh@fres@ma fo b comminae:xbodist tialcagmhogedtepe aldtbibly theo siecond 30
clearnii.- step further cleans the SLHftl CeS On the aerospace asseinblv 10.
That id0 tHecondedemincIduim4s. Shasps.fuptieresd pecrpd sicagimst ampaatiremeEr ai n
CXpOsCd SL =0..38. apd pr.oomt. r I, , Jal ity braze
Fornt betwaih koo it T e SRS ol R R aA St RGBT 2511
ebral/ing proekrssd claandnexexanpled;pethercseaond E heanicqgrsiceprabadntss ém t he
chanber 50 at a predeterm ned second clearrin.- tenperature of between
appr oxi mat My SEENES 18 dlgmplcabiare @60 [mRac ggamplep 1ber selagted gcond

pr edet er m e ol ‘ 90\ | j:n, - ion
A L S i
braze ji6i nttinlbis benv@anercexadphes)inacs el ieaioed adéacoaidootlagamitiog ftcomihper at Ur e
in the piedeterm ned second cleaning terriperatUe

braze jomt 10 such that a quality braze joint is'formed between the first member 12

and the second member 14 in a subsequent rebrazing process.
One example second cleaning solution 48 includes an acid solution having a
combination ol nitric acid, hydrofluoric acid, and water. However, in other examples
20 the second cleaning solution 48 includes a single type of acid, other acids, and/or
modifying chemicals. Preferably, the second cleaning solution 48 includes between
28vol% and S0vol% of nitric acid, between 1.5vol% and 5.1vol% of hydrofluoric
acid, and the balance water. The hydrofluoric acid is added to the second cleaning
solution 48 as received from a supplier and is nominally between about a 49% and
25 70% concentration, however, other concentrations may be obtained and the amount
of hydrofluoric acid in the second cleaning solution may be recalculated
accordingly. The combination of several different acids may provide the benefit of
dissolving and removing most of the remaining contamination in the braze joint 10
and/or dissolving and removing a variety of types of contamination in the braze joint
30 10. In one example, the second cleaning solution 48 includes about 40vol% of nitric

acid, between about 2.0vol% and 3.0vol% hydrofluoric acid, and the balance water.



ran.ge corresponds to a cleanino eXPOSUre tine of the aerospace assenbly 10
to the 10 second cleanin.- SO LItion 48. That is, a selected second
cleanin.- tcniperatUe near anbient ioomteillpetature nay reqUiie severa
[1OLII-S to Clean the bra/.ejoilit 16 and a selected clcanim eXPOSUre
tcinperatUe neal -212"T may reqLl Il C several 1111111. 1tes oi eNell seconds
to clean the bray®w!rs semp lyPﬁt@ﬁbC@%aﬁﬁﬁﬁhﬂ@he4%é¢@cm@@ﬂgécﬁﬁ@m“éﬂeanlng

t enpet at ur e T N Uﬁ he_s n n " X L{re 15
firric is %leeta\ﬁ\}é]g Wi tﬁf@]eggndﬂ#]q\yngﬁF% @ ?IEJL ?gér%m e% lﬁ% %tl onagl R%@n am nati on

fromthe bbﬁr/dﬁmjlmltm[haﬂ.ﬁ:nsmh Glol theafirsacighidhi tshepbinalz@gsofentic tislofioe Mgt bencci |
the first illelliblor and thesecond nenber 14 in a SLI bSe(f | ent rebtal/ m.
process. oﬁéw@féé%ﬁpws’s%&kﬁlﬁa SlearPaed seyording ¢ha gl <|1ﬁ@P®a@sl 09 gallges @f sol ution

havil ] (54 3ccchTBL AL N NNKLEA Lo ART i IMEALAL IR 2,851 oraRg Yerpt o1

HoNN! ¢\ er I'n othercxa con tion 1Cl LI dcs
a sinulc tylpetooﬁg @dondg obﬂnharoﬂacnt1d$p1darh>d{\w6111ﬂ3130;ia>und\z|amd cHepoical sf.
Preferjblv. the second cleannl Ll solution 48 includes betN~ccn 28\ol"~, and
50\ oP/ u of 4ANY¥HPEs EEIUhIgyatanaehing bglagrg walef.a~d ~. 1, or-~0 of hvdroflUd -i C

acid, and the b e e second
cleaning SO LI ?{1 g&ﬁf%@“ﬁ%&éﬁ%@% n@kiﬁgiﬁg}%gh‘grﬁéﬁf’gqﬂggﬁ% %{} beoveel |

abCLIt a 495bland a@nidihbiep toosecemt claamogl stepl Fmﬁemgnhe metrhmac@memhtyr ations

may be qbtained and the alll of rofl uorjc aci t he _second
O var e 36T ey oBe POECH CopRanc PRCEbE g IE BUEB S Rk on of

several diffi&bRRY A6 ASniRY ROBY e pEDE BBE 11l ibryRfy i RROKLRryIANGhd enoVi ng
nost ofthe remainim contamnation in the brazcjoint 16 and/or(f ssok im

and renovi mploapacarasmﬂbly)ﬂOtw\llh)(enmnoa‘scdmmaqrmnmatew@ﬁﬁasﬂ jontchentarrazgjiosent ) 0 16.
I n one exanpl e, the second cl eal on 48. I IC1 Udcs abQuUI

40vol ' /o of* ‘H‘?‘tﬂ%“e‘aﬁ“&e ‘“ﬁ&‘fﬁ@ L %ﬁ?cﬁf)ﬁ“ g‘!"d{ k?fj"” 4Ty PR O P C aci d,
and the balighgg sateissembll HNBE RaExexgIPl ary second cl eani ng sol ution 48 f or
renmoving remaining cleaning solution 32 and byproducts fromthe first

cl eani ng step adigwtl>s aléustlet@ﬁtcanm erantpde hahe rdewalmefcrsmmblbiel(f idugtg 6l eani ng

t | udes. f Th d | 48 d
ceor di ng 04 B1H ddi 6 BBrE0 5T onedr Parsdura or banprg edidt fon 4s.

The bul k regjRentiipehsiase [nt 1. 218 sdhl ORgcFhAELAI® iA€lubes a composition
that is essentially equal to the composition of the braze material 18. however, the
second braze material 60 can alternatively include a composition that is different

20 than the braze material 18. The aerospace assembly 10, braze joint 16, and second
braze material 60 are heated to a brazing temperature to liquefy the second braze
material and move the second braze material 60 into the void 22 that was previously
formed by the removal of the unsuitable portion 20, as illustrated in Figure 6. The
aerospace assembly 10 is then cooled to solidify the second braze material 60 and

25  form a new braze joint 02 that includes the braze malerial 18 and second braze
material 60. The braze material 18 and second braze material 60 join the first
member 12 and second member 14.

In one example, the second braze material 60 wets surfaces 64 of the void
22, flows into the void 22, and completely fills the void 22. The previous cleaning

30 step and sccond cleaning step advantageously removed at least a portion of the

contaminants that may have otherwise inhibited the second braze material 60 from

wetting the surface 64 and flowing into the void 22 to completely fill the void 22.
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up to 83 gallons of hydrofluoric acid, between 130 pounds and 140 pounds of
anhvdrous ferric chloride, and the bal ance water. In other exanples,
additional steps of rinsing and drying the aerospace assenbly 10
acconpani es the second cleaning step. Rinsing the aerospace assenbly 10 10
wth water renoves at |east a portion of the second cl eaning solution 48 and
di ssol ved ddatremitmaticonbiirominHe iBrarealoiiae of dajobupsugbleneirielss ser ayi ng

t he aerospace asse, nbly 10 with conpressed air to renove at | east sone

remai ning rinse meter The aerospace assenbly 10 can be further dried in an
air-dry process Alerigady, athh@lagyospase asseobliyd BOwkar ik trextmskap. 15
Figurc 5 illustrates one exanple of the aerospace assenbly 10 during a
rebrazi ng d€epd tha seeendr Risra ARy 1as 08PNy 1eelberiebBriag siapatagriladragy ins

positi opned c t e. ] t al 60
|nclude2 aFéégé% ?p%gﬁ%Jiﬁé B§2&§§%§H?$%%?§C£ggé$8to Q&gégxggﬁﬁégn of the
braze mat emhaad:nal&ﬂ ihowevenid theurisgaendbhl fgesigmtar iex?dm 190 neadl lajdregonat i vel y

i nclude a conposition that is different 20 than the braze material 18. The
aer ospace asdedpsnyckebandyisleaogisi My algrovanriosessondh app 2dinggtesdsallt 50 are
heated to r al and
move t he. st nd sy age TBF EREL PR a3 Ui D SR E S bt on TRERLS
formed by ths dlenmadedof the unsuitable portion 20, as illustrated in Figure
6. The aerospace assenbly 10 is then cooled to solidify the second braze
materi af 60 and 25 PGElainNeW Br d¥eciPEi stmPicenie i@r@évua%m HETPaFe

mai erial 1880 ee690dBaks, IBhEL Bl iR The BLase IRk STl ahdfand second

braze materi a Frst nenb second e one
exanpl e, thedseommMnhnﬂmelﬁmmemeMM&Q/m&ﬁsmsMyha¢esaﬁAnmﬁHyhenveidm 22,
flows into the void 22 nd conp Ietely fills the void 22. The previous

cl eani ng @0V§ﬂ%ﬁaéﬂd8§@§b%HWdF@éﬁPﬁéCgtep advant ageously renoved at |east a

portion of the Gogiam lﬁ@m&nsﬁ&@f ththﬁﬂMﬁa%‘a%fi(%ﬁ@g%@gy}:&%#bhanjc'h%‘i—‘nt fecond

braze material 60 from wetting the surfac ow ng I nto the void 22
to conpbet elisgldsid n tieillveirde®2mbe@niEhe, pesubtrimgnrew Wrihzegfioifrim 62 i s
generally free of mmjor unsuitable portions, such
mstant invention.
Although particular step sequences are shown, described, and claimed, it
should be understood that steps may be performed in any order, separated or
combined unless otherwise indicated and will still benefit from the present
20 invention.
Although a preferred embodiment of this invention has been disclosed, a
worker of ordinary skill in this art would recognize that certain modifications would

come within the scope of this invention. For that reason, the following claims

should be studied to determine the true scope and content of this invention.
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as macrovoids. Alternatively, a netal l|ayer 66 nay be deposited between the
braze material 18 and the second braze material 60 prior to the rcbrazing
step, as illustrated in 5 Figure 7. The netal |ayer 60 further pronotes
welting and fl ow of the second braze material 60 into the void 22 during the
rcbrazing step. An exanple netal |ayer 66 includes nickel and is deposited
by a known process, such as a platifJ-okd8ess. It is to be understood that
ot her netals |ayers deposited using other deposition processes may al so he
used. 10 The present invention therefore sinplifies the repair of the

aer ospace |assemhyihb@ obycpelrin@ a1t Bgait Kgodpaedcdimpbriiiflyndi sassenbl e the
First menber 12 and second nmenber 14 to | aboriously chemcally and
mechani cal | y refidve theovipg apertipatiodeaninggndeddrieon He jpdbraadi ng step. |t
shoul d pe under Hood fh%%u%LEQQMﬂP %w1quH?ulgqnconEonin$‘@rrapgenent is 15
di sclosed in th&) 11 GEEYRESGCEABE Fene'sO" BY i AR AEREOW T benef i t
fromthe instant invention. Although particular step sequences are shown,
descri bed, and clainmed, it should be understood that steps may be perforned
in any ordér, sépansiied oClagbhbieandid g8 19t herni 8. i ndi cated and wil |
still benefit fromthe present 20 invention. Although a preferred

enbodi nent of this invention has been disclosed, a worker of ordinary skil
in this arg. woullderaengai @eCldiat 1cevifeadimn thodictdspade onspuvaul ds comeorwi t hin
the scope of this invention. For that reason, the follomjn% clains should
be st udi eda$s6M@bt Bainwmea! tHE cud8d opac and ak daslepite drrovtiagditigéditingn. 25
CLAING A nethady of, repalifing,&.d Qinfi,0f an aerospace component conprising:
(a) renoving a pofﬁlon of 'a joining material front the joint; and (b)
cleaning a remaining portion of the joining material in the joint. 2. The

met hod of Claiml, wherein the joint is a braze %oint.. ,
4. The method of Claim 17 wherein the removing ot step (a) includes removing

at least an unsuitable portion of the joining material.

5. The method of Claim 4, including dissolving at least the unsuitable portion

with an acidic stripping solution.

0. The method of Claim 5, including masking at least a suitable portion of the
20 braze joint to prevent the suitable portion from dissolving and leaving the unsuitable

portion unmasked.

7. The method of Claim 1, wherein the remaining portion of the joining

material provides a structural connection between at least two members of the joint.

8]
h

8. The method of Claim 1, wherein step (b) includes cleaning at a temperature

between approximately 775°F and 950°F.

9. The method of Claim 8§, wherein step (b) includes cleaning at a temperature

30 ofabout 800"F.



3. The method of Cdaiml, wherein the aerospace conponent is a stator 10
assenbly having at |east one airfoil vane and at ]cast one shroud, and the
joining nmaterial is a nickel-based brave material. 4. The nmethod of Caim
I, wherein the renoving of step (a) includes renoving at |east an

unsui tabl e portion of the joining, material. 15 5. The method of d aim 4,

i ncl udi ng di.ssollié nigtlatd dle@kimtlhevignsuistealibgingbrdes ormowing loaamasitidh c
stripping Isj_ol u%i on. 6. Th§ et hog of ani md5, i ncl udi ng ermski ng at | east a
sui tabl e pBPEYBRIVF YSHE @ B BPRE T BY AT 2 PE BBV AP REMSYit Wbl e portion from
di ssolving and | eaving the unsuitable portion unmasked. 7. The nethod of
Claiml, wherein the remaining portion of the joining material provides a
struct ural 1 tonnébt inonhdepednmat 0 eherint e eretdieinstiaf inchelep gi sitippi25 8. The
met hod 5of CIlai.m I whﬁr ein step élbg)-t i.ncludes cleaning at a tenperature

bet weer’ appt ox1 hiEdy PF7EEORRE %9868 (V9. The method of Claim8, wherein step
(b) includes cleaning at a tenperature 30 of about 800F. 10 | 0. The
nmet hod of Caiml, wherein st eﬁ) (b) includes renoving contam nation from
the joint Usi ngThe alcdwdidig-1aio1 LY. wier¢isrthapisdedetisehimed taiouint isoP i me. 11.
The net hod,(ﬂf m,g aim 10, wherein the contam nation includes a stripping 5
sol uti on used"Ph the renovi ng of step (a). 12. The nethod of C aim 10,
wherein the predeterm ned anmount of tinme is up to 2 hours. 10 13. The

met hod of Caim 12, wherein the predeterm ned anount of tine is between 5
and 10! nlites. Tha merhed wetHodn d2. aherawm 1be pigssicemmedhemewnt dniimat ison

I ncl udes aBet(\)\’)éimg? ag(ri](fl() minutes.

14. The method of Claim 10, wherein the contamination includes an oxide and

the removing includes dissolving the oxide.

15. The method of Claim 10, including providing a molten salt bath that

comprises an alkali metal as the cleaning solution.

16. The method of Claim 15, including providing a molten salt bath that

20 comprises an alkali hydroxide as the cleaning solution.

17. The method of Claim 10, including providing a molten salt bath that

comprises an alkali nitrate as the cleaning solution.

R
[9)]

18. The method of Claim 10, including removing at least one of a byproduct of
the cleaning solution or a contaminant from the aerospace joint using a second

cleaning solution.
19. The method of Claim 18, wherein the second cleaning solution using step

30 occurs for a predetermined amount of time of up to 2 hours at a predetermined

temperature up to 212°F.

211 -



t he renovi ng includes dissolving the oxide. 15 15. The nethod of O aim 10,

i ncluding providing a nolten salt bath that conprises an alkali netal as
the cleaning solution. 16. The nmethod of C aim 15, including providing a
nolten salt bath that 20 conprises an al kali hydroxi de as the cl eaning
solution. 17. The method of Caim 10, including providing a nolten salt bath
that conpii.sesThn ra¢tkad iof Mitmatl®, aderhie tb¢ ganicngmsoidutinomt @b5tin8. isThe

nmet hod of glai m %Q isnc.l udi ng renoving at | east one of a byproduct of the
cl eani ng s8fUErdA BY 2488t -ami nant from the aerospace joint using a second
cl eaning solution. 19. The nethod of C aim 18, wherein the second cleaning
solution using step 30 occurs for a predeterm ned amount of tinme of up to 2
hours at a2predéhemvlivdd! ¢lempe? ayiwreinupe pedoenmned tgmperalp. is phevaset hod of
Claim 139, w r‘enidq)ot)lhe predet erm ned amount of time is between 3 and 5
minutes, 21. The method of O aim 19, wherein the predet erm ned tenperature
is between 5 60F and 90F. 22. The nethod of C aim 18, including providing
at least one type of acid in the second cleaning solution and di ssolving at
| east one &% théhpystisdudtClamm d henclydime e iding at ?qastzfsle tYpeoheihadthef d ai m
22, includj r ovi di Lreicagidin the cond ~C i | utj.an. 24.
The mot hod o8 T s MHE Geng ka5 5000 sevsTou PRI ERuS! b8 or 1
nitric aci dont@binathe nmet hod of C aim 24, including providing about 40vol % of
nitri Cl(?Ci d.

23. The method of Claim 22, including providing nitric acid in the second

cleaning solution.

24, The method of Claim 23, including providing about 28vol% to 50vol% of

15 nitric acid.
25. The method of Claim 24, including providing about 40vol% of nitric acid.

20. The method of Claim 22, including providing hydrofluoric acid in the second

20 cleaning solution.

27. The method of Claim 26, including providing about 1.5vol% to 5.1vol% of

hydrofluoric acid.

25 28. The method of Claim 27, including providing about 2.0vol% to 3.0vol% of

hydrofluoric acid.

29, The method of Claim 22, including providing between 28vol% and 50vol%
of nitric acid, between 1.5vol% and 5.1vol% of hydrofluoric acid, and water as the

30 second cleaning solution.



26. The nmethod of Caim 22, including providing hydrofluoric acid in the
second 20 cleaning solution. 27. The nethod of C aim 26, including
provi di ng about I.5vol"%to 5.1vol % of hydrofluoric acid. 25 28. The net hod
of Claim 27, including providing about 2.0vol%to 3.0vol % of hydrofluoric
acid. 29. The nethod of O aim22. including providing between 28vol"'o and
50vol % of 3ni t rilbe awilehd bet Weer2| inlndis nd dBi1lveo | 199 soflorsyar bt Isenilc aci d,

and water as the second, ¢l egni ng. solution. - 0. The .nmethod of O aim
22 1 nct udi Ry BF SURHP g Tper > 165 64 ToHg ol Lr QetoRtms LNt RE €6 ut i on, up
to 2.5 gal haosbelvedh tabbGt agh Gnd UROL PoBds AR PRGroat BYRr eabhe i Hd aei d,
bet ween about 130 and 140 pounds of anhydrous ferric chloride, and the

bal ance wabdpnce3tateThe net hod of G aiml, including depositing a second
joining.material in the joint and heating the second joining material to
nove the second joining material into a void |left fromrenoving the portion

of the joiping matafcli@d dNTIsihep, iGahdinkQepditinkhesdrehdpdnial nGi@iamid thei ncl udi ng
depositing a nmetal |ayer over the remaining joining material. 33. A nethod
of j oi ni ng ewbEKshasRprhespergnd deipoi PrsgalFor gpvaHy seeshipbnazetpmtleri al s
bet ween at . T o .res tiv ILrst. a nd brazing
processes:”g§§§?5#%ﬁAgﬁgnﬁﬁiygg?g%ﬁgkﬁéﬁaggﬁnﬁ] hﬁ%hfg@g?iﬁ%g menbers using
the first and second braze materials. 34. The method of O aim 33, including
perform ng one of the first and second 20 brazjing processes after use of
the at '§cast t wdhaehpépd. o35 aimhd . netlHedoficrosaing 83nciahdixfdi P f B€ni ng t he

braze 10|nfmﬁ§§%gihﬁhgxnm8@®!rely fromthe first braze naterial, o
subsequently re ing~a portion of the first braze material, and depositing
t he second braze material in a void |left by the
33. A method of joining members comprising:
depositing first and second braze materials between at least two members in
IS respective first and second brazing processes; and

forming a braze joint between the at least two members using the first and

second braze materials.

34, The method of Claim 33, including performing one of the first and second

20 brazing processes after use of the at least two members.

35. The method of Claim 33, including forming the braze joint essentially
entirely from the first braze material, subsequently removing a portion of the first
braze material, and depositing the second braze malterial in a void left by the

25 removed portion of first braze material.

30. The method of Claim 33, including depositing a metal layer between the first

and second braze materials.

30 37 The method of Claim 33, including providing first and second braze

materials with chemical compositions that are about equal to each other.



25 renoved portion of first braze material. 36. The nethod of C aim 33),
i ncl udi ng depositing a netal |ayer between the first and second braze
materials. 30 37. The nethod of Claim 33, including providing first and
second braze nmaterials with chem cal conpositions that are about equal to
each other. -13 38. The nethod of Claim 33, wherein the two nenbers are
aer ospace Agnbeilbe nBhodfdié et hoovhefeiClaitmo3&miwheneiaaraspescasrolspace nmenber s
are an airfoil vane and a shroud of a gas turbine engine. 40. The net hod of
Claim 33, wherein the first brazing process occurs during original
manuf act ur @ and ThheHRLATA IBMAZE NG PEAGRS Ser@&GRLtY MeHBEIsNGe an hBRA Yanc4l. A
met hod of repairing an article having a braze joint, conprising the steps
10 of : rentwd aghraw! ahspgistiapliee ettt on of said braze joint; and brazing said
articlecto replace said unsuitable section with a suitable section; wherein
sai d unsuitable section is less than all of said braze joint. 15 42. The
assenbl y ofi0.C airm 4dsthédel auiing3 sevratinvélk Yikepmyinggrbh®s wasus tablihe section
of the braze joint w thout renoving any other section of the braze joint.
43. The assegbpymaful@iaicndshe scaenUiRApS RESRISRyCHRaugnBarc®det i on to prevent
renoval of the other section. 20 44. The assenbly of C aim43, wherein the
ot her section includes at |east one of a second braze joint or a braze
joint portipn thathcthogMepaitinehdaicdNhansd b thaddegjoing e€immsingthedsps The
assenblg of Claim4l, wherein the braze joint maintains a structura
connect{ on®&fter the unsuitable section is renpved. 46. An aerospace
assenbly compri sifliy, & fidRhyBSLASRRP S, IRADEGINANA @ second aerospace
menber connected to said first aerospace ne eraf a

brazing said article to replace said unsuitable section with a suitable section;

wherein said unsuitable section is less than all of said braze joint.

15 42 The assembly of Claim 41, including selectively removing the unsuitable

section of the braze joint without removing any other section of the braze joint.

43. The assembly of Claim 42, including masking the other section to prevent

removal of the other section.

20
44, The assembly of Claim 43, wherein the other section includes at least one of
a second braze joint or a braze joint portion that does not include an unsuitable
section.

25 45, The assembly of Claim 41, wherein the braze joint maintains a structural

connection after the unsuitable section i1s removed.
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joint, said joint including a first braze material froma first brazing
process and a 5 second braze material froma second brazing process. 47.
The assenbly of C aim 46, wherein said first brazing process and said
second brazing process occur separately at different tinmes. 10 48. The
assenbly of O aim47, wherein one of said first brazing process or said
second bra#bng pmocespagcesansblatemprisagd first aerospace nmenber and said
second aerospace nenber are‘in§pahled in a gas turbine engine. 49. The
assenbly of Claﬁﬁwﬁgfnﬁ%%fﬂW%?%é”y nmetal |ayer between said First 15

brazing materiah saqhdSairéhps&CMRADLEF 8&inReedS Shidatirst Bosphbe nagseibl y of Caim
49, wherein said netal |ayer conprises nickel. 51. The assenbly of C ai m 46,

wher ei n saiadnt stiduoipt adlwngrat el bilizaadiaswl donpe fyelcyadnbmieeEshat@ri al have

di fferent conpOskLL A% PRom N ARPRIPIY Bl ain 46, wherein said fast
aerospace nenber conprises an alrtoi v&ne “3nd said second aer ospace nenber
conprises a shroud. 25 53. The assenbly of C aim 46, wherein the first
brazi ng process occurs during}_original manuf acture and the second brazing

process oc@lrs dOfiasgenb!y effaf kim- 4@ swherein said first brazing process and said

second brazing process occur separately at different times.
10 48. The assembly of Claim 47, wherein one of said first brazing process or said
second brazing process occurs afier said first aerospace member and said second

aerospace member are installed in a gas turbine engine.

49, The assembly of Claim 46, comprising a metal layer between said first

15 brazing material and said second brazing material.
50. The assembly of Claim 49, wherein said metal layer comprises nickel.

51 The assembly of Claim 46, wherein said first brazing matertal and said

20 second braze material have different compositions.

52. The assembly of Claim 40, wherein said first aerospace member comprises

an airfoil vane and said second aerospace member comprises a shroud.

25 53, The assembly of Claim 406, wherein the first brazing process occurs during

original manufacture and the second brazing process occurs during a repair.





