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 iggSpAIRIOIIBRAKE JOIRMOANPSARTECLEREPAERAP 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 congr, igally includes a braze
joint having braze mat gﬁﬁﬁé@m@bﬁgﬁﬁ@@&mﬁ%@ane to the shroud.
During operati omh@brdshie i@ngitide re@¥SIto thdTRpair M braze)ommt £1di @k remyregr ack,

erode, or experience other braze joint unsuitable conditions that may
requir & r epérie, andbmprespaiyaiehyecuseyiod ebmpentnigonzkze epdiof apfrtickesushaze | oi nt
typically requir : a f. e origipal _braze pateria

(2 ong w1 Soniaiesh IoupOIRL S AT Rms nk MpePlo Al B S RS ¢

the ori gi nge bhaRZEInMBEEEIE@inE DOPkLEediit. renoved, the airfoil vane becones
separated fromthe shroud. The conventional renoval process includes
conpl etel y renpVirAgus #HEOHRES assfaPBes Hiclude skb-gsseabliod s¢prpduiegetheioky dat i on

products, grqge gotill?t. gn’ 8%8% ﬁ%@@%&%ﬁ&q & e&%?%@aﬁoglass%ﬁ] lg(»/ith%gi%gc. G

I
stripping processé ani cal* punchi or electro- arge

machi ning. aiffoilerane sgeusidetoyorfeesrawionirdude 1968 exaigile b alichandragenttasid. nat i on,
the joint area may be nickel plated then the airfoil vane and shroud are
rebrazed uShhgomProfsqy rakeassamblyi Aipicallyi wictudpe aobrazengerit hayi braggai r

e
overconmes bhe ey theobfiakg snadrthl dnanoackseotiet bt epsdrencabther bRIWMBRY OF THE
| NVENTI ON 30 The nethod of repairing a braze joint and the resulting joint
accor di ng tesujtple conditions that may requir€ 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 separated 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,
25  laborious, and time-consuming.
Hence, there is a need for a simplified method of repairing aerospace

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

SUMMARY OF THE INVENTION
30 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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present invention includes renoving an unsuitable portion of a first joining
material in a joint between a first nenber and a second nenber of an
aerospace assenbly -1 and cleaning the joint. A stripping solution is used
to renove the unsuitable portion of the first joining material. A first

cl eaning solution is used to clean the joint, and a second cl eaning

sol ution i sndudeshii@theysinhex seippay sohkiohds Dted tBUEMBYe then@bligbildPorsibeP, a
second joining material noves into a void |eft by the renpved unsuitable
portion i noBhe sstyenmednatetdlp At st Jpanae sewliqros Neeheralrasrhe iint pR&e  menber

and the segapgl cl%mgg?lhpﬁ ishI3€4 %dﬁ%hfzpcqeefr{]ﬁ@imhp [l a% £bin Iste%ng the

second joining mater one exanpl e trippin uti $ acidic
and di ssol «xesnd fegniugsuitéraddneovepattd laozmcbrefttljyethfs|rembqumrrsum@lembﬂronah Enough
first joining materi al rerral ns in thejoint to maintain the structural
connectd onthsSERO¥A Btk ¢ ifpaR anﬁ%é?méﬁatwqq@ the dBrHdamembak Ak thes seI9nd hat  t he

first menb %m%@@t?]aﬂ%lluﬁ&otﬂé & | { n‘ieﬂ@nzﬁ%ﬁ&’f\% &Fc%ﬂ%ﬁ%m mq‘m%%f‘er exanpl e,

the first ceanlng dol'ution i né an al ten salt bath that

cl eans the joi nin bye eanpld, nge Etellpfpinlglsﬂgltlshhds pgidiecansialissoives the omuittle j oi nt
and di ssol vi ng contamnants in the joint, In another exanple, the second
cl eani ng sBYPP 8hthedirglhomenedmalsris ﬁﬁ?f‘&hr@ﬁtﬁ%‘“%@Pieﬁélrfemaé”&ﬁg theyentoi nt by

removi ng er Mg Ers?ﬁm&xlraq gl Hithedh ftl(ﬁoéﬁ‘rstt Wﬁeﬁnﬁéﬁ"& d 3 sQéoﬁ%O' vi ng

cont am nant's romt e joint. n anot her exa a netal ayer I's deposited
bet weelD t hamefribestuch ohatitirgfirsmat@beredocandt deher a&aeﬁ:@ndqq ecmdgembterial to
pronot e wettlng and flow of the second joi nlln? mat eri al during the

&

rebrazing step. @ GHE FrE8RIAL then ésrﬁt‘il‘iﬁl?uighé? 19 dndpidss Iﬁl?laéléa Ir 8}?&%” of an
aerospace Fh%ﬁ@l?gilybatmh 'cle'ﬁhnﬂﬁteh&ﬂt e?ha%l sf?Pap?Rg le the

first menber and secon er ‘to a orio y che rrec anical ly
remove t hetijeqoint agl diedoévingtonthefnan® it e jombr azi ng step. 25 BRI EF DESCRI PTI ON
OF THE DRAW NGS, The yvari ous feri\tur es arid advant ages of t As invention wll
becone appar ent In another example, the second cleaning solution 1s an acid solution that
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 illustrates a schematic cross-sectional view of an exemplary

aerospace assembly;



to those skilled in the art fromthe follow ng detail ed description of the
currently preferred enbodi nent. The drawi ngs that acconpany the detail ed

description can be briefly described as follows: 30 Figure 1 illustrates a
schemati c cross-sectional view of an exenplary aerospace assenbly; 2 Figure
2 illustrates an exanple schematic cross-sectional view of the aerospace

assenbly of Fi geigerel 2aiiliBtrate€@vicRgmple sdtetiatiabdrosPactibgn; viewgdrf ahd
illustrates one exanpl e of the aerospace assenbly of Figure 2 during a

cl eani ng s3EPacE Fspqyubly of Figure s aftar BEI0yHE adspitadloporting aer ospace assenbly
of Figure 3 dugi - I S - Elgur i t rrat.es _one exanpl e
of the aerospagggggégﬁﬂﬁéggg;ﬁ#%%géﬂgb %ﬁ??n%h%$ﬁg ?§%%# §fg%gﬁﬁigure 6

i |'Iustrat eguripe: gxanmd «emf the aerospace assenbly of Figure 5 after 10 the
rebrazi ng step;_and Fugure 7 illustrates an exanple a netal |ayer deposited
bet weer? the br aZi@urenfit Epsteatesaper cramplecohthebraowanmreserilly obETANEED

DESCR'PT'QNHQEFIQEMRREE§§§F§?FNBCD'NENT 15 Figure 1 illustrates a schematic

Cross-section VI ew 0 enpl ary article such as an aerospace assenbly
10 utilized in RiggasStillufidies engieRemplEhef der aspgnee agesdIPlof HiQuieng!l udes a
first nenber 12 that is secured to a second nenber 14 at a braze joint 16,
al t hough i €uring & ISbHEINGHPE st ood t hat addi tional nenbers and additi onal

braze Joints e § NHASdoh0 B ORPRCEARSRILY, 1R ri L AN pXATP! €.

the 20 aerospaceasse ator asse as a~conpressor

st at or1(asseetthraziageiep;mdf i rst menber 12 is a conpressor shroud nade of a
ni ckel -based alloy, the second nenmber 14 is a conpressor stator airfoi
vane made of a higdkel - BusdiaiesAn example gdmetak [ayen depgsBehbetisern fod 0EEe a

ni ckel - basgd: it Az ey (BL&LhAbrazd &R M NOl 09y

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 is secured to a second member 14 at a

braze joint 16, 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 of 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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"braze" as used herein refers to a type of joining process perforned above a
nom nal 25 tenperature of about 840F, to a type of joining process wherein a
joining material is liquefied and subsequently solidified to join two
conponents w thout |iquefying the two conponents, or to a type of joining
process wherein at least two dissimlar materials are joined. The braze

joint 16 ifeedspal@sasbénBle IMBEei dandBctiiaé RMfRth d8=r SoitdsUbt bhdbxandfle
connection between the first menber 12 and the second nenber 14 and may

i ncl ude amsuihle pasion e e sie P0he Eramiable Pors 2Aiingesseaninghy firm ¢oul d
| ncl ude Crr%*c%c? ’c%plx% z%s n @ﬁooqgg CHOJ Eétlg)?esof 811c181]is};r§r }r%gt%s%op% sﬁgsonttﬁgt may

occur from aerospace m manuf-acturi ng,
or fron1ot&ﬁawﬁQHWQﬂ&mnhﬂmQﬁ@ exanmpl e unSU|tabIe portion 20, the size of
t he unsuitable portion 20 ranges nomnally froma mcroscopic size on the
order of a coupﬁ?léur@fz Hustryas ar exanmaof Mmsea@i aseerpblyt Qe flep Feraeving sever al

cent i et erd. BSELME Goficht bYSEIA £3,A0 SRS, okab0% o ASPRRR ARTETD! Y 10

after renovin unsuita

Renoval of drh@n gogetveallwid pOilican theuiseiRats pértioai 2l R2Zmidie fnaistibetddnsui t abl e
portion 20 formerly was located. Prior to u5|n the stripping solution, a
mask 24 i sPragroxesing Biet Hepripatselutigasemsisl 24 isdhixed igthatstatemassemblyor ti on 26

of the bra; i n y. e t
ol ut o, Rwtieds 195 & BatignZaedd b 0u® SHRER G Bl Mt PeliuBRug
assenbi(y. dtApsing wkaipl efhet haskregk c@ddd CaDSCEIbSVdrh@th&mpbftﬁ)nbrc&Z&]ej ehtot 16

except for the unsuitable section 20. is may provide the advantage of
sel ecti vel §#s#apiv Ihene exanRlpsitie maask e24§@d€1i8dhe S0 B AU Y JiPosKCaRf 6

ot herw se t?l]:a i {a'Bg: %eﬁ.ﬁoﬁ) h8%%n Mf}f ftnl%kllde]tﬁ?(%vatnlf%eg)qr %fegtnvegg ngn&whg to be

under st ood tha he mas may be

used to COt\hel’unadtibId @ﬁ@d)n b a/zmommembsamgmr blteraike affpang tasseirbnyaterkd. | n
anot her exanple, enou braze material 18 renmains in the braze joint 16
after usinb pHEe PO 6nét i§ &0 be Heferiteohiirhinatheriamptes ube mask MyMvéct i on

bet weery t h@e used, or may be used to cover additional braze joints in the aerospace assembly
10.

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 second 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 aerospace
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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first menber 12 and the second nenber 14 such that the first nenber does not
20 separate fromthe second nenber 14. Maintaining the structural connection
may provide an advantage of not having to conpletely separate, and
subsequently conpletely reassenble, the first nenber 12 and the second
menber 14. One exanple stripping solution is acidic and selectively

di ssol ves tufsitablaspirti@b@ #dr trarspor2Ghpdissoloed ofazkheaterialz €8 jasiagt Sdme That i s,

the stripping solution 25 dissolves the braze mat erl al 18 W|thout
di ssol vi ngreside r}ﬁa\kJ Tapy BF SHIPPH RIPFESF S AYHAMAMRHE MeidfaZr 4R SPRRf5EMASS.and t he

second rfenh]%ﬁ%ueﬁher&ﬁmwy% WheBride dr ReeR RIRGRARRhASSenbl y 10 and braze

joint 16 to the stripping solution corresponds to the size of the
unsui t abl e port Fgur€0. illkstrgxampt exexplosaf ehet i afmaspase ansetbdy diddéurigd adays f or

a mecr scopl C crac not her exa osure tinme is on_.the order
of a coupl &lcAYNGFIeR; Eﬂré%aIT d:ﬁeaé?”h‘:’a“é‘?%g@dﬁ?%% 1§ Egnovsd r%‘?‘?gsﬁiofn the nore
di fficult E&ﬁloh% AlphRRNALey SR, | MRokeh APASHIBHEORTRlotnc RS dniBhA POT L i OnS

20 and, refore, nore time'nay be required for the stripping solution to
di ssol ve t hendabzechmaquer ¢aalld B8eiatieelg @l hised- 4 Thasasrdspbiee agpeniblyoi 028 and
transport the déssol ved braze.material 18 awa Sone idue Rfromthe

stripping PrRASESSURRGS PEHRIMGTSIHL fRENG TR R8BS °¥ﬂth§b}’?§thé’§g BOSUIS, A5 1 esi due

Ris r emV@l‘ém‘H}{% oW 37 WISIE 19E1d9tchf‘a[ chahbad4 ﬁ?fahﬁfédet@]ﬂ%@ cRahinustrates
one exanpl e of the aerospace assenbly 10 during a cleaning step. Prior to

t he cl &ani tagnmaetpre Dmemgﬁlsk c&anmg smnﬁwededwng)mlniwrg 32 remmydseat 1past 1a| on 26 at

appr oxi mat e % 90%{F al thou an acid sol uti gn or ot her conven%l on removal
t echni que B911°8 El”é/r‘f?alaﬂlv ﬁtfts’é’“lﬁsé(&“tl%ét ESHEYRE &oReuERAS, TP

exposed, syghedsinkyidl MBI Sliak R gAYy réﬁélﬁylhngle%ra% Wkt 7Bt Eanﬁlf
exposure, to a” cleaning solution 32 while inside of a chanber 34 at a

pr edet er m pedamimeatsi 1nquc1@ox@npemeialmmdesmwncmgant prededtganonggnis tregerialhie
cl eani ng sol ution 32 rem i

cloani ng oL LO0 BBt STONCD, AL east 2 RALLI0000 Rl SIBLDLIG 51 pBing
that mpy res®hRidaftsttig ﬁﬁﬁlteﬂdv@'aﬁ@ whietindE¥PdTB 8 n@a@éﬂa@%ﬂﬁ@tassub&‘ﬁhb&qe oxi des,
nmet al oxi des, corrosion pro ucts, 1 norganic nateri al s,
rebrazmg process.
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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materi al s deposited on the aerospace assenbly 10 during field operation, and
15 contam nants that inhibit flow and wetting of a braze material during a
subsequent rebrazing process. The cl eaning step nay provi de the advant age
of yielding clean surfaces on the aerospace assenbly 10. That is, the

cl eaning step renoves contam nation from exposed surfaces 36 of the braze
mat eri al 1&lene expasgdingundaa @868 F3Mapfreduie deiverat n2futeeobevenl2cantd tsecond
menber 14. CI ean and ess?}gtkall con rrz]nant f({,\ge surfaces 36 and 38 may

pronot e fofl§al GrPrage 81y 119“%‘%"&?@?6 hicletedeeip Enpnerdprea AR 12 and
second rfe"g@csoﬁa‘%d'tﬂe ée%ﬂﬁ%@%ﬂk A \ngerpﬁ@ecmstenmguﬁegw eleYY

"quality" braze joint as Uused herein refers to a braze joint having a braze
mat eri al hcﬂm;haﬁesang:emeoﬁbcbryalﬁmeomfronaqherbramgumt ablseclpthat & qnaljty duaze as

macr ovoj ds, .25, I on exa e cleaning step occu in the chanber 34 at
a predt eior‘r‘iltn§d M nl?erﬁﬁn%)“eﬁi‘f %tasltdp%m bg a9 %@t%@ FEHaski atePy 775F to

950F. Int %59 &g{@{:&{gﬂ@oggs@am ng tenperature range, the cleaning solution
di ssol ves t ontam nant's, thereby renoving the contam nants fromthe braze

j oi nt I n oUmerexemalepll@mingsdel@cizuctidennn atkati engelr moleresalrbatine

pr edet er m d cl eanin rature ra corresponds, to cl eani ng
Exposur ¢  ded e Fh rep s T G 0 8Fe G S AR PP B 32.
That is, acgg}echfdleclRanMdth @m%a:tzlrnelude@ﬁfodif;{a% JeMidaRBT& sigyer al

hours or even days to clean t braze joint 16 ahd a -5 selected cl eaning
time nédr S8GFnnedditeyd rlee s&vbrlad:talmHwﬂewl)orthe\aémhsectahdﬁ tho cleahmgn t he

braze joint 16. .0 exampl electe ani n rature. i s about
S00F and t Rt anisRel TR Be o Afkeh it vaRL A Sl B elaing o
renpve an adggiats BTt ok memt ﬁ@la‘ﬂ%te‘a&ﬂgfsfoﬂiﬁohhﬁ R123%8canOhBthr@ such

that a quality braze 5 joint is formed between the first nember 12 and the
second nenpent 16 in twa respabis ebjugnther dkalamietey qbftaomgs@.lut@meﬂaxlamdlva theeani ng

R A ST SN AR TN, o RS
15  from the braze joint 16. Second, the alkali metal cleaning solution 32 also may
neutralize and transport away any acidic stripping solution that remains in the braze
joint 16 to thereby prevent the acidic stripping solution from removing additional
braze material 18 or impeding removal of the contaminants.
In 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 aerospace 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



ot her exanpl es the cleaning solution 32 includes nodifying chem cals and/or
other 10 salts in addition to the alkali netal. Preferably, the alkali netal
of the cleaning solution 32 is alkali hydroxide or alkali nitrate, although
ot her alkali netal cleaning solutions can be used. The al kali netal

cl eaning solution 32 may clean the braze joint 16 in tw respects. First,

t he al kal i 3gretidprosieaniongatsal oftd uulidPbdizs pohtieswddnehe Gevihdsmbeanlsndn t he
braze joint 16 and transports the djssolved contam nants away 15 fromthe
braze j oi ntecopd MEBVSHE* 11t HhB1bsPqUEN} CHEBEHIS PEPEEhi ng sol ution 32 al so may
neutralize and h ALc . StLl RPL : 1 mai ns in
the braze | oi n%l{ ?‘2@!{% 851%1%%\?,@ eygé&}sg@gclrl]%h{}lﬁe%adciegélfggsllt??ﬂl]ésglﬁgb%o uf { gn from
renovi ng apgdidéteoniabd dscaze ctedrgng afemp8raarre i opadiweenr eppraimatlyt heom

contam nants. In other exanples, addjtional ste&; of rinsing and quenching

t he aerbspiEweraweasdehbland1op atoc dhpdnyAt Hee ciredgierynat spcondi SRAESt he

aer ospace asseml i | d. r.re at, | ea a rt) of the

cl eani ng S%PHFg§W¥3%Q%£%&%psg%?ggga&ggﬁyhgﬁ%gﬁf%hhﬁf@ﬁ%?ﬁ% %ag%ﬁ?éint 16
and cool s divag! arpatenassesfion Ik bakgwist #6.iThlsdgler shaaplane sekaepl e of the
aerospace assenbly 10 during a  second cleaning step. The aerospace assenbly
10 i s expo&and sleanings tHNPI#iESr &1 Ghe pl‘eﬂstemﬁ@ﬂnﬁpogcgﬂb@yanwg EMpstAEe et hod
of exposur i t i LNsi chanber 50
at a predeﬁ%@%ﬁ%@e gg@%ﬁﬁg%ﬁ%gh?%ésgéﬁ%gﬁgfﬁ?%¥gﬁéﬁ?l%gggﬁggéggghgécleaning
step, the seopmdlcah@@niongionodtTHAN i} Jebivmdesecbme clebEifRit@thperafurd séarcl eani ng
solution 32 and byproducts fromthe first cleaning step as well as

cont ani nanf@bicARIOOPBIREINGTFWIS MBhEARIre several aavs g cker Hhe rALsIoitHE ®dcond 30
¢l eani ng satzaegga ﬂ%ﬁﬁing'&g@ré 1?% SULAGES A%k g ?’9%?1%ps%9§ra SR ¢ 10. That
is, the second cleaning step uPther removés cont am nati on rom exposed
surfaces 36vanekconds 88 chvad the wrwicefoifitol raln ofe @kardplguald taleddedzecgnai nt
between the first nenber 12 and second nenber 14 in a subsequent rebrazing
process. | pleaHBE dXBRGRETE thietWwedbAl Fendati AgpndttBp seromdrdeaning ePosanber 50

?goﬁq P§ edghRNILDGRes AG00Eh £ HEaMiNded BTRRLA HddtifHal PEINRGABRRgX Hat el y

braze joint 16 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 of 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 50vol% 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 16
and/or dissolving and removing a variety of types of contamination in the braze joint
30  16. 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.



5 tenperature (60F) and up to 212F. At the predeterm ned second cl eaning
tenperature, the second cl eaning sol ution dissolves the contam nants,
thereby renoving the contam nants fromthe braze joint 16. In sone

exanpl es, a selected second cleaning tenperature in the predeterm ned
second cl eaning tenperature range corresponds to a cleaning exposure tine

of the aerospacanaggedabyphby tsecdndecidshisecondos | 4atirngnsoiny reénaidg That is,
a selected second cl eaning tenperature near anbient roomtenperature my
require se¢ERENE hlption §2cpdaRyProsugs afiem; Bienfirst eclgiung StepepecVely asl eani ng

exposure tE@R%ﬂlﬂ’}a&{{&eﬂ}&el{%hfég‘%%mnﬁ% ffx@t%&ﬁxﬁ?t}éﬁﬁﬁ‘élu -snéé}rg;sckﬁgrideem seconds

to clean t raze joln I'n one exanp e selected second ¢l eaning

t enper at ur eedofid bRhimgRoflbn 48 ds BBFarad aedolding ecobdlk ctEpapdid 00aNsHy & 15 ti nme
is between three and five mnutes to renove additional contanination from
the brazes§opacleapingsehtionas. Ehequdl racipenpdydesupitae-J galloss pbpithetdden t he

first menb 2 h : r I S t 1 pr ocess.
One exanpl gf) stéc%?’nggg?]{es'aﬁflﬁ &ggﬁ%ﬁgﬁaﬁg&f&ﬁ%ﬁu@gs&gﬁﬁggﬁ g ls{)oﬁgél?@rsl aving a
conbi nat i oanlofdrast feire dhdordle, myddthebhlaned wataci d, and wat er. However, in ot her

exanples 20 the second cl eaning. solution 48 includes a sinpgle type of acid,
ot her acids, and? cPrth%?i’iaP}H?‘?? agg’é‘ﬁfl%laFtéPs Pfé?”é}“&bi”}/j, dryiae sté%c?ﬁEPSEiE)Céani ng

solution 48.d e Seedh I 111 ' ween
1. 5vol % angs%&%%%%@ﬁﬁ%rg l?ezu%}’él&ﬁz acl ogIS Q[gé:'dl_%%j ﬁgg l@%elt.%érg%gg%a%es?hg he _
hydr of [@or il0 wich dvats @ddees hiolehdtea pecondictheancong clsaling isolntidd 48sandecei ved
froma supplier and is nom nfl Iy between about a 49% and 25 70%

T

concent r at ABROIVEHWEVEM INBoRe FOFo HEeHiREaUPIBhd OmddfYHE Bstidehaarayie thse anount
of hydr of | i ko ; i i cul at ed
y gg}fog c@%‘ss%gib’l"y W%ﬁ%ﬂ@%ﬁé@@? g{]f&@%% |5 sgg% r@ﬁlarﬁ%ﬁ@{l

accordingly. e conbi nation of severa erent aci may provide the
benefit of wathrstind adrogpaaneksebiyvliOngenrbestirtiodr dried im emairrirngrecestt tantatdt i on i n

the braze joint 16 and/ of 1(8i&.9_sol Vi n% and renoving a variety of types of
cont ani nat SR HFPRHEAsBYAYY [0JPRE 'S0 SEB: I n one exanple, the second cleaning

sol utign 48 i nclyides APAKLAROWRAL%E@Mp bF ke a8bbshee LRIURAD APQAUfing-20vol % and
3. 0vol % hydrofluoric acid, and the bal ance water. -7
rebrazing step. In the rebrazing step, a second braze material 60 is positioned
adjacent to the braze joint 16. The second braze material 60 includes a composition
that 1s 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 62 that includes the braze material 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 second 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.

8-



Anot her exenpl ary second cl eaning solution 48 for renoving renaining

cl eaning solution 32 and byproducts fromthe first cleaning step as well as
contam nants that remain fromthe first cleaning step includes ferric
chloride. The second cleaning solution 48 is prepared according to a bulk
reci pe per 100 gallons of 5 second cl eaning solution 48. The bul k recipe

i ncl udes uphé eesdlting G 18 Bint BRLi§ Eenctaliydfree efpmbjor 8dsu@ableqrasticis, sixdr of | uori c
acid, between 130 pounds and 140 pounds of anhydrous ferric chloride, and
the bal ances Wagreroids.n ot her exanpl es, additional steps of rinsing and drying
t he aerospace t-he nsing the
aer ospace assenﬁﬁéﬁﬁﬁgéi Qnégﬁﬂﬁgf@5%§1&gv%gsggﬁﬁgﬁég ghg%} ‘ﬁhw$$

second cl eagiang tlsenlswdnarbléﬁe aiactridl 56 giriogdo abarebrhding isep, b (i)lms'trb’@dbhaze j oi nt
16. Drying includes spraying the aerospace assenbly 10 with conpressed air
to remoVve Atgureasthesppil lyambhiiger pioswotesetape a%éloélef?fdbﬁé%c@nﬁ%@ﬁbl y 10
can be fur a e assenbl y
10 for a né§§§mggb%ﬂf§9%?gﬁi%ZEQH%%usﬁggéégé%t g%ﬁﬁ% %%?%Pﬁgaggﬁgspace
assenbly lhctlides n@kal andeibidagasitgd Y @fknolvn drbeess, ehtiaas aglsingprodsséceond braze
material 60 is positioned adjacent to the braze oi nt. 16, The second braze
material 68 b%wa%%odathéb%b@rsmﬁawayqrﬁé?pqsge%g%&pﬂﬁr Aepastiioa) Preessisie
conpositio ? BH%LQE ze material 18, however, the second braze nmaterial 60
can alterna incl'ude a conposition that is different 20 than the braze
materi a) 18. ThQhaqmeﬁmaqevaﬁﬁﬁnﬁkwﬁﬁ@ &hﬂﬂﬁﬁsumenﬁmA@,oﬁmMaseﬂﬁpdm braze
material 60 are heated to a bra2|ng tenperature to (ﬂ%e y the second braze
mat eri al aﬁ%feWBWelq Py cUmEsHAS Hheaes ﬁﬁ@@m@relﬁeélsmww € igitdnovdT Hat was

pr evi ously an(; qQE 1%)5111%@19_}_5 et%‘é%ncﬂfslgé@l?enﬂ@ﬁ%%ﬁp ]SGCB%IE %r&gov egl to

illustrate aerospace asse I'S t cool
solidify theusamﬁnmlbShz&nmﬁteﬂnaﬁn@ﬂemnd 25 forn1a new braze joint 62 that

i ncludes the braz teri 18 a cond braze, material 60. The braze
material 18 and?@\egﬁdﬂ% @t%tﬁﬁﬁaﬁ f BFAICHIGE CRMPReNt AEARESFIERDISaNn

second, ﬂemﬁElgg‘eAd in f‘]eQHﬁst%&f@hﬁodlﬁ@ﬁtsS%Qp% Q{g%ﬂl%nfg%ﬁlr bHefiPRoupls surfaces
64 of the voi

instant 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.

25



22, flows into the void 22, and conpletely fills the void 22. The previous
cleaning 30 step and second cl eaning step advantageously renoved at |east a
portion of the contam nants that nmay have otherw se inhibited the second
braze material 60 from wetting the surface 64 and flowing into the void 22
to conpletely fill the void 22. -8 The resulting new braze joint 62 is
generally free of major unsuitable portions, such as macrovoids.
Alternatively, a netal |ayer 66 nmaychalsgposited between the braze nateri al
18 and the second braze naterial 60 prior to the rebrazing step, as
illustrated in 5 Figure 7. The netal |ayer 66 further pronotes wetting and
fl ow of; t he . i I id.22 during the rebrazing
st ep. Ah exéﬁg@@gggfgﬁéfgggﬁ%égakfggrhdegmﬁggﬁﬁ§h%hd is deposited by a known
process, such asremgiisg & pgrtipnadagsining matsrialtfronbe buargpint tat borvsttogties a

metals | ayers deposited using other deposition processes nmay als used.
10 The BsaRiPor CUPRTGRT SIALPBABA: SEADY HFIOSEE FOPRRA rseaon Atadeb fsace
assenmbl gctidd rbiiaidlattainRaitedht pertios adeinovenand et el y di sassenbl e the first
menber 12 and second nenber 14 to | aboriously chemically and mechanically

remove the (br azéleagingpiremain@gpertionef thegongngaaterig) inthegoint.t shoul d be
under st ood that although a particul ar conponent arrangenent is 15 disclosed
in the illustrated enbodi nents, other arrangenments will benefit fromthe

i nst ant2.i nvdikimethodAbf Gtairghl, pelrerdic theazeraspeq@ cmonnates aastgos hsemblydesog bed,
and cl ai , 4t shoul d be underst.ood that steps nay. pbe perforned in any

o der , WS A% ReBRePISF TR I LG TSI i S R SPaavaischn T SeEqrel

benef i taef‘cfs?a_l&tcbﬁlpﬁﬁ&ﬁ 88dtion 3Rclhd¥s e tdaSioneAhtWAUSHY theRbRIEY hedrignbadiieent of
this invention has been disclosed, a worker of ordinary skill in this art

woul d rhasesihiazeanaterial. certai n nodifications would come within the scope of
this invention. For that reason, the follow ng clains

3. The method of Claim 1, wherein the removing of step (a) includes removing at least an

unsuitable portion of the joining material.

4. The method of Claim 3, including dissolving at least the unsuitable portion with an acidic

stripping solution.

5. The method of Claim 4, including masking at least a suitable portion of the braze joint to

prevent the suitable portion from dissolving and leaving the unsuitable portion unmasked.

6. The method of Claim 1, wherein the remaining portion of the joining material provides a

structural connection between the first section and the second section.

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

approximately 775°F and 950°F.

8. The method of Claim 7, wherein step (b) includes cleaning at a temperature of about

800°F.

10



shoul d be studied to determne the true scope and content of this invention.
25 -9 CLAIMS 1. A nethod of repairing an aerospace conponent conpri sing:
(a) renoving a portion of a joining material froma braze joint that bonds
together a first aerospace conponent section and a second aerospace
conmponent section such that the section remain attached after the portion
is renoved; and (b) cleaning a remaining portion of the joining material in
the joigit. Zhe Mwghomifginot, Whediisitp (Wgcleddl redeving cogpaiation HmnBajoints a
stator assenbly having and the first aerospace conponent section includes
at | eastsingriecleaningsplution fx apredefgsmined @pont ofdimsspace conponent secti on
i ncludes at | east one shroud, and the joining material is a nickel- based
braze material. 3. The nethod of Claim1, wherein the renoving of step (a)
i ncl udeld. r effieinmghaalt ofl @asy awhemnainsthé caishreingion ingludes a stnigpjngiselutign weedeini al .
4. The HEt hod. of C{ ai%? 3, including dissolving at |east the unsuitable
por t i oGPV °48ieRi®- “stri pping sol ution. 5. The method of O aim 4,
i ncl udi ng masking at |least a suitable portion of the braze joint to prevent
the suitable portion fromdissolving and | eaving the unsuitable portion
unnmasked:  6.ThemethasiafSdaiar 9,oyhergin the pigdstcamined pmoptAditigicig Up & £ heY¥Sof t he
joining material provides a structural connection between the first section
and the second section. 7. The method of Caim1l1, wherein step (b) includes
cl eani ni@. at The tnextipel cftCinien b twieedin thegpedexdrmited laynondGd tamalisdsOFeend. andHO
met hod of Claim?7, wherein step (b) includes cleaning at a tenperature of
about ™#HHES- 10 9. The nethod of Caim1, wherein step (b) includes renoving
contam nation fromthe joint wusing a cleaning solution for a predeterm ned
amount of tine.
13 The method of Claim 9, wherein the contamination includes an oxide and the removing

includes dissolving the oxide.

14.  The method of Claim 9, including providing a molten salt bath that comprises an alkali

metal as the cleaning solution.

15.  The method of Claim 14, including providing a molten salt bath that comprises an alkali

hydroxide as the cleaning solution.

16.  The method of Claim 9, including providing a molten salt bath that comprises an alkali

nitrate as the cleaning solution.

17. The method of Claim 9, including removing at least one of a byproduct of the cleaning

solution or a contaminant from the joint using a second cleaning solution.

18.  The method of Claim 17, wherein the second cleaning solution using step occurs for a

predetermined amount of time of up to 2 hours at a predetermined temperature up to 212°F.

19.  The method of Claim 18, wherein the predetermined amount of time is between 3 and 5

minutes.

11



10. The method of Claim9, wherein the contam nation includes a stripping
solution used in the renoving of step (a). 11. The nmethod of Claim?9,
wherein the predeterm ned anmount of tinme is up to 2 hours. 12. The method of
Claim1l, wherein the predeterm ned anount of tine is between 5 and 10

m nutes. 13. The nethod of G aim9, wherein the contam nation includes an
oxi de and the renoving includes dissolving the oxide. 14. The nethod of

C ai m Q0. i Nty FhlBodbOTIkh NP, avhieRdin e Faddierhiidd teMperafeeiy baaserns0°al dndl |
metal as the cleaning solution. 15. The method of C aim 14, including

provi di9ngF-a nolten salt bath that conprises an alkali hydroxide as the
cleaning solution. 16. The nethod of Caim9, including providing a nolten
salt bath that conprises an alkali nitrate as the cleaning solution. 17.
The metZod dhe@hethed of Claiml Uliingudisgwvévidingtat lleastsoneotype off agidoinpthe beeandof t he

cl eanin soluti.on or .a contam nant fromthe joi usi.ng. a second cl eani ng
sol ut i o‘ﬂ?an%.sosf‘hgn ﬁ%c{ WBS@?Vd?g %mgﬁsﬁ?ﬁeﬂ{t@%@rpé?%kf?{gh%%@3%'%‘“3? eani ng sol ution
using step occurs for a predeterm ned anount of tine of up to 2 hours at a
predeterm ned tenperature up.to 212F. 19. The nethod of Cl aim 18, wherein
the predet erliiemeghodrafirirint? 1, inchudingprawidingayiria agiddn e seeandredepningsobion.The

nmet hod of Claim 18, wherein the predeterm ned tenperature is between 60F and
90F. 21. The nmethod of Claim 17, including providing at | east one type of
aci d i 23t he The nortichbd afl@aimi 21y ircddding providing abowI8hoi%hp Hivol%ea hitnmeidf t he
byproduct or the contam nant. 22. The nethod of O aim 21, including
providing nitric acid in the second cl eaning solution. 23. The nethod of

Caim2Za, il FCXihH23)gnching prd®dmb%bb@ L0104 &6 @ifriddcid.i ¢ acid. 24
The nethod of C aim 23, including providing about 40vol % of nitric acid. 25.

The nmethod of Caim 21, including providing hydrofluoric acid in the second
cleaning  Tpe method of Claim 21, including providing hydrofluoric acid in the second cleaning

solution.

26.  The method of Claim 25, including providing about 1.5vol% to 5.1vol% of hydrofluoric

acid.

27.  The method of Claim 26, including providing about 2.0vol% to 3.0vol% of hydrofluoric

acid.

28.  The method of Claim 21, including providing between 28vol% and 50vol% of nitric acid,

between 1.5vol% and 5.1vol% of hydrofluoric acid, and water as the second cleaning solution.

29.  The method of Claim 21, including providing per 100 gallons of the second cleaning
solution, up to 2.5 gallons of nitric acid, up to 83 gallons of hydrochloric acid, between about

130 and 140 pounds of anhydrous ferric chloride, and the balance water.
30.  The method of Claim 1, including depositing a second joining material in the joint and

heating the second joining material to move the second joining material into a void left from

removing the portion of the joining material in step (a).

12



solution. 26. The nethod of C aim 25, including providing about 1.5vol%to
5.1vol % of hydrofluoric acid. 27. The nethod of C aim 26, including
provi di ng about 2. Ovol %to 3. Ovol % of hydrofluoric acid. 28. The method of
Claim 21, including providing between 28vol% and 50vol % of nitric acid,

bet ween 1.5vol % and 5.1 vol % of hydrofluoric acid, and water as the second
cleaning solution. 29. The nethod of Caim 21, including providing per 100
gal | ons31of the masendr Clfani, Necludial dep@RingUPmiefdl Zayer gl A8 FerBiiniigtjbintgaci d,
up to 83 gallons of hydrochloric acid, between about 130 and 140 pounds of
anhydrdﬂ@ﬁmérric chloride, and the bal ance water. 30. The nethod of Caim1l,
i ncl udi ng depositing a second joining material in the joint and heating the
second joining material to nove the second joining material into a void |eft
from r¥moviAdgethod of capnirimg apfartidiehgvirignd brgzenjaing rcomdprising sheestepsa)f. 12 31. The

met hod of O aim.l, including deposjti.ng a netal er over the r.emai.ni ng
Toining margnpune y3fsunioseshOD Bt bdif Jrte A Ak s Sidiuh elSTBE D
joint, wemRbinsteRthidsad HaaRsinoh stridtiraVdondectionumaui t abl e section of said braze
joint such that a structural section of the braze joint remains and

mai nt ai ns a bsazingsaig article nreplace sHd unsyiable secting wathiasuiiable s¢csiono r epl ace sai d
unsui t abl e [: 00\ . i l, [ an. I-p;.sai d unsui tabl e section
'3 ese t han g pthcti ke iF1eRAR Aot B Bk f e m 32

i ncluding selectively renoving the unsuitable section of the braze joint

wi t hout,.re ing a 0 r. section,.of th raze j.oint. 34. .The assenhly of
G ai'm 35 T e dheT R AL TG Ehdr Qi et P Ae e B DS Ep seoB ! Hi

ot her sgelj6int without FéiRovaRS BiiPbtherGbctfIndifheftazejbt.ei N the ot her section

i ncludes at | east one of a second braze joint or a braze joint portion that

does not include an unsuitable section. 13
34.  The assembly of Claim 33, including masking the other section to prevent removal of the

other section.

35.  The assembly of Claim 34, 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.
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