;e3ed "6TdUZ, - 7 JAN 2003  ASSEMBLY FOR BRAZI NG A STATOR COVPONENT OF A
GAS TURBI NE ENG NE AND METHOD FOR BRAZI NG ARTI CLES SUCH AS AN ABRADABLE
MATERI AL TO A STATOR OF A GAS TURBI NE ENG NE TECHNI CAL FI ELD Thi s invention
relates to a method for brazing articles and, nore particularly)7 tAN 203

met hod for brazing an article for a ggs turbine engine having an opening
into which unwanted braze material mght flow The term brazing as din
this application refers to the depositing of one netal, i n|mmmmmmmmm@ys
in the nolten state on another and is typically used to un es of
metal wth a different netal. Methods such as brazing includesusobderi ng,
braze wel di ng) wel ding and brazing. Al though this invention was devel oped
in the field of gas turbine engines) the invention has appl i t her
fields as well. 1o BACKGROUND Manuf acturers of conponents dlmmmum"wlmumne
engi nes conmmonly use brazing as a method for attaching articleg;together to
formthe conponent. These articles frequently have openings. The opening
may weaken the ability of the article to resist forces exerted on the
article during the brazin rocess. In is addition, nolten braze materi al
may 11 ow IABSEMBISCFORCRRAZINGAISEATOR GOMPONENbEFA GAS TMRRINE dur i ng

t he br azENGINDAND MEEHO8EORMBRAZING ARFICLES BUWGHNAS AN ABRADABLE

toget her. The marMATIERIARITOWSSTATOR OR AGASITASRBINEIENGINE | y | ncreases
the processing tine for the article. - 7 JAN 2003 2 One approach for

bl ocki ng braze material fromflowi ng into an opening is showmn in U S

Pat ent f d to Denp and Pl anchak entitled "Braze Bl ocking
| nsert %Eré%{lhqlé;aé Ffilgg'sb(ea Brazing Operations.” In Denp, a pre-forminsert is

di di | i idint terial. The i t i d of
o Fofractory huslrventfbaTemiaade ameladion Biadng sBigasArd BBI¢ o such that
th i ' ' i ' f4 g%k BhBine’ BSaiRk S i t

o pos: T CeRRCd o e(BBU Ko BrAIAPAR it Yor 4 B BeBinel oficife TeMiian PP |
t he voi dopeniing $ntoavhichemwiinted brdze material guget fdwed T tarmibrazingasence fit.

A portion of the insert burns off at conventional brazing tenperatures
| eavi ng \éSefbinathisrpriicationderers fo thi depesiting of enemagtal, dn¢lidingraioxsi ivel vy

hesi t ' ' : | t
cones! iiraAbfen (e S RNE Hs M nPHels ROU e SUEiSod By Bl ol o

met al  oxa dffarentisietalodethods saich a3tiraging inclusies soiidring) drazeoweldingsi st
forces exerted on the powder. The powder is relati veq% eas;ﬁl to renove from

t he openvelding aed brazingr Htheyabdbisdnvention waasevalapegipitbedield efgas ocki ng

Cayer o MERTRedifa. ths ebhuos 5ed B ERbRTe oler i8S s Wi 22 5 barrow
entitled, "Method of Manufacture of Cool ed Turbine or Conpressor Buckets."

In Darrow, cooling channels covered with a | ayer of oxide material will not
be wit bBACKGRE braze material. This reduces 20 plugging of the

covered cool | pp, CRANNRIS of LohipOndRitfo? GhYtSroiNe SRYRRETdnhE4G JLateri al.
brazing as a method for attaching articles together to form the component. These
articles frequently have openings. The opening may weaken the ability of the
article to resist forces exerted on the article during the brazing process. In

15 addition, molten braze material may flow into these openings during the brazing

process and harden during the brazing process, as does the braze used to attach
the articles together. The manufacturer must remove the braze which greatly
increases the processing time for the article.



Anot her approach is to dispose a paste stop-off material such as Braze Stop
materi al available fromthe Vitta Corporation) Bethel, Connect igftJ. iﬁ ?ze
Stop material blocks the flow of braze material into the opening! & 0
exanple of 2s the use of such a Braze Stop material occurred during the
manuf acture of gas turbine engi nes by Applicants' assignee. Applicants'

assi gnee manuf actures such engines for mlitary aircraft and for |arge
commer ci al ai Qoeappro&cit fordiockieg brareematertatirons §owingmtd Baropeairgpisbust i on

ti d a, turpbi tion_ Worki di fl, 30 th h
he. engi W bk SsBEIeNE S5 hdR | HEFUREIC D EMOrIE] P chal vEPayBIaz ne.
T . ‘ b " i t
Por - pr opBlckREF fisBRToF LRRHE PRtsc BBhQDEHRYBAs - ARDAE, BPrbIGY ndclt
i ncl udesjsadisposediFsan opeaingrorvid th thectiategidl h@hednken dgs oetipusegakeas t hrough

t he conpression section of the engine. The conpressgr stator has an opening

forned i Feftardorydyetal oxidepewaeodispersedda AaRQYMgaCcSOld suchdhaltheiRfe- a t hin
heet O . oy T . e

vor ki ng. 120 TEH8 3l 3rERRRIR R IS RE TR preSiEmI 8l 1 REo0hE IR 1) e

t hrough bpen@igddmeid Baehtthatitheendert somplately! fillsahb veid and eésntdigihedeaitle nd t he
slot, a feather seal slot. The feather seal slot, or opening, weakens the

conponenfrictiosrgenseratad by an inkerierenas itz i Agortion efghetineerd buenseff at seal

mat eri al al nst ' ral: T f I
boundi ng PRE i 8Faghd b Betils eRyna < Rk Hd RolRY: EMERRIN ang
pressyir eshattis Whacbldtivelyotstdsie stats:eTEe lcakesivelmétal ofidiepowder pregemts i n
unaccept abl e defornmation of the stator. A stainless steel, nmetal shimis

pl aced i the flewfaf4nelten beaze gllayintatheepanieg suargtbe prazes sretatignevent t he

Co o SHEWRNH 1B it oHiA Rewifades har et fictirel stehBifa 85I b, hoed
into thergsief fdd@é@lgk@rté@enﬁhswmr.ofrhbrpbvﬁdems pélativelyadsgito réfbser equi res

removi ng the shim a machi ning operation such as el éctro-di scharge
machi ni ndronELng openiograstertie braing opgeatian. on) greatly i ncreasing processing

g D BB GRS LA RS T i

col | apsi ngtdlHdsRahé Bpeimy Wit 20B9EP Sde HFAEFiEI ADSHows i €8] Baengnd
engi neers wor ki ng under the direction of Applicant's assignee have sought

to devel @h023,261, isspeddo Rasrav ebtitted, iylathed ob Mariifadiure ofolootedoiurbine
material info an opening in the article, such as coolin assages, and,
for “some AgTERsoRBHetn I Dafiow. fgdlind Fhanfdls cRtprestuth o Bvs dha
Suppor t eI ARlaElA Al HJ e WEIEY (Rl hBller BA%e Aferld MidtdliResnd pressure
of the brazing process when required. - 7 JAN 2003 4 SUWARY OF THE

| NVENDI Olaggingi of\tba icoveradscaalingashanpeésdduring chanofadterer iy agwantearbrialzet ni ca
mat eri al é_Brov.i es a useful stop-off material for brazing and may be forned
into shedbdteq ing flexural and structural strength during the brazing
operation eve ; : [=Y=7¢ 2 egt is
heated to the%ﬁé@#ﬁgp?%&rf%@rlgﬁ?éﬁgﬁg%ﬂéglsg?&?ﬁarﬁﬁ%?@ ?‘gﬁ ?:g Bzgéri orate.
Accor di ngStop material eseaitable fivoem theoWittaaC organatior, Betheh Dompeatisutn dBrazer ti cl e

or brazing two arficles together, while urging the articles together with a
force i ncﬂ@ﬂéﬁ‘?teﬁﬁ' glo% thgﬁf-’}”n%f biage mﬁtﬁﬁﬂdg%@‘%‘?mn%m amplgdist ep
of di3PoshBYeR of such a Braze Stop material occurred during the manufacture of gas

1

turbine engines by Applicants’ assignee.
Applicants’ assignee manufactures such engines for military aircraft and
for large commercial aircraft. Such engines have a compression section, a
combustion section and a turbine section. Working medium gases are flowed
30  through the engine, compressed and then burned with fuel to add energy to the
gases. The gases are exhausted form the engine, developing useful thrust for
propelling the aircraft.



io shimforned wwth mca material and a heat resistant binder in an opening
inan article with an interference fit to bl ock the opening agai n.s;tﬂm?
mat erial which mght flowinto the opening. In accordance with one detail ed
enbodi nent of the present invention) the step of disposing the shimin the
openi ng includes conpressing the shimjas it is is installed to offset the

| oss of mass of shimmaterial as the shimis heated so that the shim
supports the i i p i fanc i £ nmbodi ment
of the pr eserﬁ{él; %@@ﬁ{%ﬁ‘%@%@%{@%b%c%ﬂw re%t%ﬁg% sea@r\seﬁlgg?tlﬁﬁ%ﬁe stator

for a gagorkingmediumngases thildaghtthé ecompaassign sevtdr obthiecersliing. der the sl ot
which is thinner than the adjacent structure and the step 20 of disposing a

shi m i n GORRPIEEERT Sglorhas er speaimsifeaned i Pag @dgenf the stator that adapls | al

wal 15 ofp REAPEL) FETel Ay SR ImARsai 1T RS sSBirBIATboMIEN, JHehibs T g
t he shi radrfiing themisrkiigimediuntigased tdeoloitkieg restierh dlowpatis 28186 gasgs shim t o

decrease in mass, the shimsupports the thinner wall against deformation
t hr oughcare flawed thrpregh ithe epgiiee skhe thip spakis\comyaenlycadipdisneginersasl

invention s disposj i ormed with mca material and heat resistant
bi nder iqp%ﬁ’eoﬁlgﬁiq1ge%%o€%94tEature is the rigidity and strength of the
shim formed ofhgifeaheREe4l bt aRdpbARig, Weekehsiie Bompeneaf. t Bordearbeat

resistant binder is heated to a tenperature that causes |oss of nmass 30 of

a porti ousest duriag braziag to nrge the abredebleyseal materinbagaiast hebraget he step of

ool eyl 33 BolhS B89 chied B EBIngiEB ha Yeslhat BRY. 281 ath, L5°
t he aggrgedérethe high tdmberdlired ¥idIbteselirddat whicAthe br&ging Pprocédserdkesndi tion

in conparison to the uninstalled height of that portion of the shim A
pri mary plecantTduie will resudt iprunasceplabledefosmationtofithe gleder. and ef fi ci ency at

bl ocki ng 1 he NOANASSARBNOASLBILISRERY Kl e Ea IR eehaey uHBaar * o
advant adgrdzing BRocdsd!tbiprefintthE cbjiabad Bty RARIbalAdIRL tndRidt s @akiap oM

reinforcing t artic agai nst t azing torces w rmed with
m calsat forces asmdppliéd & theeslos daring thenbmzingogerfatiom tThe mletali shimahay he shim

the. pr osBRPOMARSALPGIIBINS STaAESRP RrE prass e chersidReot Maateg! nibRoa. ot
el evalt e UREY O ARG BRI by STAKENII SISRRISRER ol ek diaRle

integrity I ch resul romthe abili e shimmaterial to enhdure
t enper at mashining €EDM)sorodtheneiachirting dperatibeg gesstlyHabreasireg praceaeig) . Stil |

anot her advantage is the ease of renoving the renmaining, shi terial from
t he openﬂms—'-QMP@?F'P%&ENtEGfSi%mfecSﬁé?%%h%}"ﬁaﬁf%@%25%@“98’#@%@*9 ipROok: s

el evat ed ' : it

(1208 . PEAVEFIIAG HETRAISHHnETeaRRY Sobl ot Fom tUHBRG PRI,
resi st bopédratipnyi th braze material and with the adjacent structure at the
sane tinme the shimprovides structural reinforcenment which supports the

adj acent st r uAcGPEDIBglY; Aeieptiiscandenginpersayanking updethedirastionrier t he

oventi oRPRIEANEassEncd halliBBhid dERH Bind U CHl S Hraind (81 P o
descri pt bigtkothetfltay bEbtazensatdriai irtearyopahing in tH”eeariti@lé?fshbﬁstaébblin? <.

acconpanyi ng draw ngs. BRI EF DESCRI PTI OF THE DRAW NGS 2s Fi g.
si de2&| epP&SFages i gore @ppicatipnsa such asibrazisgdiess afeatharseat siptne

angi ne. Png SBHRC R ariferaind dRbtualh bnde dRRsRRa e A e ene
conpressg,rftﬁgpé'ﬂﬁ%ﬁoéé@m i in Fig. 1. 30 Fig. 3 is an enlarged

vi ew of a segnent a conpressot stator of the conpressor section shown in
Fig. 2, wwth a portion of the segnent broken away



- 7 JAN 2003 6 and sectioned, and with the rotor blades of a conpressor
rotor assenbly shown in phantom Fig. 4 is a view taken along thedi Ufl-4
of Fig. 3 showi ng two adjacent conpressor stator segnents and a f at“ﬂgﬁ]
seal disposed in facing feather seal s slots in the adjacent segnents. Fig.
5 is an enlarged schematic representagion of a portion of Fig. 4 show ng
the relationship of the feather seal to the feather seal slots of the

adj acentSl?Q{KﬁAlQ?S@F THEQUERGIORNt s and an abradabl e seal material attached

to each e conpressor sator segnents. to Fig. 6 is a sinplified

schematic per’srmectm\vemnon ieWn phrtapredicatedhan ¢he rdoadjnitiort that nibe nedtatisir segnent
shown in Fig illustrating the nmethod, of brazi n(b;?an abradable article to

t he cor’rmf@y@&s %’e’&‘?fb'rl stopgeft Atatemal far BrAZINGIPER FRBGDE foMRd NtetReetsseal sI ot

carrr NGRS BRI R B gl HrkERhs (Pcing, et Byolr MMEPC Y

gas tsur bﬁh@&naﬁgbnmelﬂqeeTmcvems@s thar $hedt hsyhbat@ldan taw@yazmgshow el enent s
of the interior of the engine. The _engine includes a conpression section

12, a coﬁ‘ﬁmmfﬁ!#ﬁeﬁtﬁpmmﬂCﬁﬁﬁﬁcéeﬁ'ﬂﬁlﬁeﬁga&%ct|on 16. A flowpath for
wor ki ng medi u&g&%@/\/@@m@;ﬁr@@gﬁt iAvLAtdy 4 B ﬁ*&g@an Hg'anﬁnﬂly"&#?fﬁépe

i ncludes a fi SUré rotor aSsenb seco

Pressur epfziky tvaéaﬁmués/to@éth&hmm gifgnm%mamw et A Yoricecl udes a
hi gh pressure conpressor 26 connected a shaf 8 to a high pressure

tur bi ne BRIudEse pn@wtc:phe%tm and melting rahtaze mat@lr@&ébe stemaf disposiog @s

e LT

al ong thﬁrtfdlé’W|tPuaérh|n1§fér'éh@é@ﬂﬂtd BE)ckQM\é ngénmggégmhgmﬁe rRSBREPWARKS 26, 34.
The gases are mxed with fuel in the conbustion section 14 and burned to

add ener gyghtdlaw intgdhe opeming. hi gh pressure working medi um gases are

di sch d f th t b ti E

O e 0o 1 R R4 A b ekl B BB D AR e Y
transf er gag, éf‘(ﬂl@?gﬁn%hﬁé %hfn??rpﬁﬁ:} 65@ntﬁ§%él§d§§c&%&l’=&§kg§)@‘lﬁ¥ SFLAS It is

conpr essor 'and ressure conpresso -~ ~a . 2 1s an
enl atgedinstalledfo affgeithe tossodf mass obsiimeswierial @sdhe shirt2s h@bmdm thvat

assenbly 24 n t he hi p ure co ressor 26 includes a plurality of
rotor bl 4§ WQSWQ%?EW @5@@%@9@'5& #foymelieMar di y across the working

e oy a1y T Bt e i ond SHEER oA B I 150 bl L
stator visadeather epawehmadets}atbhéorsa gasmummaaenghaeSmea(amndhavmma avall
one. T of oXIES ouet e éﬁ@h@bﬁ%ﬁﬁ@%%@&warn‘éﬁ%éd%@ﬁ%zkr'pﬁn (g SRR rub
he! 1, S5 BRI Y )P RoBesp cOrpResary bl kel o
material formed of consolndated mica paper and a heat resistant binder with the
walls of the feather seal slot, and the step of brazing includes heating the shim to
a temperature that, although the temperature causes the shim to decrease in
mass, the shim supports the thinner wall against deformation throughout the
25  brazing process.
A primary feature of the present invention is disposing a shim formed with
mica material and heat resistant binder in an opening. Another feature is the
rigidity and strength of the shim formed of mica material and heat resistant binder
after the heat resistant binder is heated to a temperature that causes loss of mass
30 of a portion of the binder in the form of gas. Another feature is the step of
compressing the shim, increasing the local density of that portion of the shim in
comparison to the shim in the uninstalled condition and reducing the aggregate



provides a tight clearance between the rotor blades and the stator assenbly
46. This reduces the | eakage of working nmedi um gases past the r_c,t\g&N ﬁlh}ades
and, at the sane tine, acconmpdate the rotor blades contacting t'h

abradabl e seal w thout danage to the rotor blades. Typically) the abradable
material is attached to the conpressor stator by a suitable brazing
conpound. For exanple, a conpressor stator formed of I NCO X-750 all oy

mat eri al (Aerospace Materials Specification AMS 5671 ) nay have a Fel t net al
abr adabheighdtod theshism iratheciostaliedrongditinnoin doynparisarie thetwningthlledich as a

nickel allqy. [Fig. 3.s en] arged view of a portion of the stator

assenbl ;‘}'eﬁﬁéﬁ 99{“96@{%‘? Sé'.m"gll'he st at or assgnbl y includes a conpressor

stator 58. T i e Ik j : S
Wgﬁgﬁi %8§Qﬁta§%gc§fgge_z rﬁbiésérﬁ%\?é?ﬂn% a8liKe sgéeatefn'dpe?n&@néy?éi .

54,56 and the vanes portion of the conpressor stator is
br oken avisigh anities bavimgeshenidgs haydiebrazedrtbgetiner awhichresults froirhe
conpressor stator na r.nore ar_cuat%egﬁ{ge:rrents 62. The

be formeg? of two or .
segntnt PIASKIRS e LRV EHHRNATLCR Perrrmalsiial PP ellioss s ADBITIar FVABISS! t he
compr es3inSkALAY b BRIPREI o280 FRIBIALAFENS 1R (BRRbRMRE €5 duri ng

engi ne oper at'l on. or opening 64 extends axially In tﬁ\e segnment. The
sl ot adagrtisletdagrinstghebrazingrferseisweitia asshith foffed withi mica matasial akdra general |y

Shows | iaa gesistary bingaredad e Be BolB B8 shimtp W REaBERG ar cuare
segnent Scogﬁpreggﬁa @gg%{\ﬂ?agnﬁ’ aﬁéir?érlaﬂvﬁﬁfa@éiéf{lﬁieﬁ%regﬁﬁﬁnwﬁﬂo @ces a

corresponding sl ot | acent segnent. eet netal seal 68,
commmpnl ytheedtslityed peofons thefratingrmeibald, aticde titegd temperatutdeearnd stilbhavde - ?
JAN 20D3 s seal extends between the se_gg?g%i to bl gck t he | oss of working

medi um gReShIM TSRS stiushurghinteamty whi tsfromdhe ahdlityidbire shiny. 5 i s an

| S Lt Faowe . . .
or conre oaRirETe ShBEPRITREIILS 1Y 8Ly oftuRiid AR Aol eblFARARIL. |
68 di spogedorR).t H8il baetheeadvantagd isithe @4sé@f rdmevingtheasawinipyahim) as

represented by the arcuate segnents) has a faying surface 72 which receives
an abr acmaterial deam $he ppenigrwhich aesultelramrthe abaterigbbecomingsmermbetierat t he

he. CogreimroteH prekin B delie BRey8 shefle by Becled PRRIAES 271 7l

region R,1-20:O9F%T. hgtikapbaic? vamtite isthe®illty bethd SEinPMai@Talao résiskness Ts
beneath a firs art 74 of the faylt@tg’msurface 72. The arcuate segnent has a

second rkendingmeith razesmateanial andavi agjacenttstruptuneratithe sasotimertbgi on of

th t d 7 f th i f T t
sogrons T ABNesGORRRS rBRibrotheNs siith SIS i adeGent EictivB T e

feat her Grabrazediardold AuairatansionnatiorBdndaUndifbedssoftitaziagt er portion of the
feather seal slot. The Tirst wall has a thickness Td that is snmaller than

t he 2thi ckness Ts offherferegtiing éeaturasyanthagyvanipges of thexptasentinvestioovdll wal |

h t hj ck Te which j | | er .t han, t. hi ck dj t th
P o e8I AR A R R PR B BB AR by T Bl e
(Aer ospagRyd¥ifor chiyingPadti thb GAveibn il 8EddmpanylBgidrawiriyass Ts of the

adj acent region 1s 20 approxi mately one hundred fls (.°100 inches), the
t hi ckness of the first wall is approximately twenty mls (.020 inches) and

(0051 nEIS} DERERIBTIQNGDE THE HRAUNBBL pecTve View partrally broken

away.,of an al LUEBS: ; 1D 5. In
t hi szgl t er nat gegg‘a %%gﬁéon%%ﬁ@%g&t‘%ﬁguﬁg%yqjd@ 9? g{(ﬁ@{?? rE Q%\ﬁa\{)‘ltﬁy% IS

appr oxi mehgine partially brokdreawhy tdshew @pottion cfeierdmprbssoresectibgwiehé shows
the relationship of the individual components during the nethod of brazing

the abra888IN€.seal or rub strip 56 to the faying surface 72 of the

conpressor stator, h8 . far th razi ng net hod

i ncl udes one ﬁgt%gs %%gp%ﬁgﬁgﬂ@#%&%?%%w@%g@%%ﬁé%%f‘“?t%ﬁ’%‘?'%%‘?f The
segnent Bastismef frraéhgihe sPRWrSIndtigon. openi ng 64. A |ayer 84 of braze
material is disposed on the conpressor stator 58 and a | ayer of abradable

mat ed® al 85 f digihis abeataaped viswbf Baegmert ohe compressor stator of the
compressor section shown in Fig. 2, with a portion of the segment broken away



- 7 ~ a~ 2aa3 9 Feltnmetal D abradable material, is disposed on ?h@Nﬂgper of
braze material. A portion of a push band 86 is placed on the abradabl e
surface of the Feltnetal to apply pressure to the Feltnetal D nateri al
during the brazing nethod. Any other suitable device or nmeans for applying
a pressure to the abradable material g may be enpl oyed. Heating the push
band with the intense heat of the brazing process causes the push band to
grow t hejpdd Ionzaeaﬁ@wmhe%wmaaés éf‘@c@#}ﬁ‘ei@i%@?@s%érdﬁtfmﬁ on the
| ayer of abradable material as the brazing process takes place. The net hod
|ncludesn@hapuxnng a shim 88 |n the feather sea! slot. The io shim has at

I t I te-1ik terial heet k that t
nto sises ¢ 18- A B oW t@Iﬁrﬁat%ﬁgtI%éipﬁgkéeiﬁgs%o%’r‘fcawngtwe o o
the shi redntprﬁteéﬁstbtqgeség%aa%aa f*e%t@ét%eﬁag S ditd rrh?aclggtf@ahat seguch as

natural mca or syntheti'c m ca ca nmay seve st 11 cates of
varyisng stbtsnntlad ad;amntsségmantmt with simlar physical properties and

crystalline structure. All haracterls | | eave in in sheets
Wi ch are 11 ighpas ahiprlaeed sheia arepis A dlaT el = B3tk BLE fn o neat
resi st a”s[h ﬂg‘?ﬁe r&1865n &3 %f'th&%‘é?gfne%él t8ih@ftiheSsed|HME dfhé&r i al , which
all ows t mto erfor acceptably at the tenperature of the bra2| ng
process. ad}laeerﬁa:tcnsﬂressm statart segneents andtdreatstsidablessealsnateriabattachydd togophi t e

m ca 20 er |rrpre nated with a heat resistant binder and densified under
heat . M' ©§SaF stater segmeNtSccept abl e. One plate-1ike materi al

havi acceptghl g I £ ﬁéb? | e agai nst
forc{e})g may be'a%u asgé rtgﬁ}%&@@ﬂ%ﬂc p%ts Rgﬁﬁé\pg}agh%sﬁéé@mver New
Hanpshi rembsdﬁim@ﬁmfdhelstaioﬁéégnmahem@hn iMRig SHHuaratatg neemetBogkofi ca

Muscovite or Co em%ét Phl ogophite m ca 2s pa er | gnat d wi,th a heat

resi st anraging ag geragdakiearticlgye the spMpRRSSanS %Qﬁﬁ? ephgRd 28WMconsol i dat ed
under heattsggger om a%ér%%ﬂ lsmtqéﬁn@eﬁtﬁ a i ﬁ%%ml%‘ﬁ'a'é Realres/@aR | al

manuf act Ur gem ca ogophi mca paper has a h er tenperature
rating fpindept erm ttent service capabl lity (about ei ght een hundr ed degrees
Fahrenheit 1800F) than Cogem canite 505 material 30 nmanufactured from
Cogehi ca Muscovite mica paper. The shim 88 may be fornmed into a single

| ayer of om i t r s of sheet stock, varying
from 12 BRSD P0E RFRCARRIING QT TRERSEN AN S\ 2005710 nones - b24
i nches) and sFgfkeid Psidecsievatibr, %ﬁrﬂpﬁﬂéﬁ vieatofttgas turb s endivie 110, semb the
openi ng. The shim has physi cal st rength and a degree of flexibilit

formed. Yiew isthartialy beokenpaivey msmwet@nemt@ﬂftsheIrtt§rl9re@6mer@'tgmee e. ttIe

Far ennorl O EIbERes A STRE N Fatldh.f ¥ EmBipdd o dion TE O 1 EE8S .1
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are mixed with fuel in the combustion section 14 and burned to add energy to the

gases. The high pressure working medium gases are discharged from the

30 combustion section to the turbine section 16. Energy from the low pressure
turbine 38 and high pressure turbine 32 is transferred through their respective

shafts 36,28 to low pressure compressor and high pressure compressor.



A particul ar advantage is bl ocking the brazing material wth thg_rmlwismsw 20
fromflowng into the opening that is the feather seal slot 64.

prevents the braze from hardening on the walls. A reduction in processing
time results fromnot having to renove brazed material attached to the
wall's of the slot and attached to the-shimat the end of the brazing
process. Anot her advantage is the support that the shim provides to the
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o ao g BaasA o W&?@%éeq‘a‘iéaqélw QURBRAY actars et Rcan Be i on of
the val |58y rﬁ;ﬂé ré&e@ﬁblg%C&Fo%%%hseﬁh@';&sw%se@ ty‘hté ‘?ﬁ. ofef pyied the

t enper at'ur e of raze cytle vaporizes a portion o using the
shi mst o Housel thie sorkimg) mediumfloWbatH o4 pluralityesfsstages ohstat@rs@nes-as’ JAN 2003

T ookl nGeBrasPBSE) SamBiaten Yads AP, 2 rans Bwaab Revash chaaladas ooy O
anot her réﬂiﬁﬂ% é.réa%wo?ﬁ.% rh@é{:%m gg&é ﬁoﬁmf@néraaﬂﬁtdga tBithEHeitf © of

the shimas I mI1S exposed™t erature of the~heat treat cycle
of the trbﬁmstage)rocess The mcanlte Shl mdoes | ose mass upon heating to

T e TR R
conpy, esgq;&a%ééberdméugfaﬁbva% | 1hE o biites™d k. TFR ditaBaBW Mafdrit for ce
e suppor e wal'l's. Tt SO0 be

during razin rocess 'S a eved t he

| oss i n presiddssa tightaisar@ncetietweah thdpdtoc blasies drivethehstatormssemdly 46. i o
becone rmre brlttle This brittleness aids in renovin th 'cani e shim
f r om t hel Rif seducasihedeakane af woming WD gaSLS F%?%(’:’P%?F?t @"i 3ppl i ed

to the sthge@a{rﬁétl g Eﬁe&bm&ﬁeﬁ{% Fﬁggrg@?dagtcoﬂmﬁﬁ th@ atgl?gdm lsaapf the slot

and becau imacts as a sto mat er | raze nmateri al does

not at t agithéitedamhage tather icidr bladebe Typicatipstheratrhdaible. matesial is tachedn
mat eri al provides support to the feather is seal s|lot whil e still being
f 1 exi3bl etoéﬁél@mﬁféﬁsq)frﬁsl@&f Iyt 2 sHitabia hra@fagmogmmsigﬁw eXanpi®edanount  of
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may be nade wi thout departing from 2o the spirit and scope of the clained

i nvent i othe smwr bysa brazenmatertal such a3 amigkelbalPyl2 IN THE CLAIMS: 1. A net hod
of brazing an i.cle, the a tlcl havi n op bo a wall and
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in gy tepid, or ﬁrw%téﬂr@ésemﬂy hlrﬁa@déwa fé&hﬁfré@éor' Safon 58l OVThe eoMpReSRT| ON
during brazing with a region of the article in proximty to the wall,

conpr i si sigtorshas thecbiragablebiubestiipg orraeels@a 56 andHbe @wnr Mgnes 18,3 oBki ng
mat eri al h@ln tﬁ | east _one .|l ayer of | at e- % rreé (ﬂasr altand a heat
resi st anPOB R o L it HaRe 13 HEp e%”%\'f ae ﬁﬁF QG an Née & t2)‘:t',rk| ng
materi al p@Mld‘r@%ﬁéWﬁ flineTRE @ekidtEssor stator may be formed of two or more arcuate
segments 62. The segments move to accommodate thermal expansion and
25  contraction of the compressor stator as the operating temperature of the engine
varies during engine operation. A slot or opening 64 extends axially in the
segment. The slot adapts the segment to receive a seal.
Fig. 4 is a view taken generally along lines 4-4 of Fig. 3 showing a portion
of the compressor stator 58 shown in Fig. 3 as represented by portions of two
30 adjacent arcuate segments 62. Each segment has the axially extending slot 64
that faces a corresponding slot 66 in the adjacent segment. A thin, sheet metal
seal 68, commonly referred to as a feather seal, is disposed in the slots. The



material into the opening such that the wall of the opening exerts a
conpressive force on the blocking material and the bl ocking mat_e{ 'Jm Wkerts
a force against the to wall. disposing braze material in a manne
appropriate for brazing on the first surface of the article; heating the
braze material and the article to an glevated tenperature for a period of
time to cause the braze material to nelt; is wherein the tenperature of the
braze cycle vaporizes a portion of the blocking material causing the

bl ocki ngenltextends betwesrytbasegmenistaliock thedoss of workingemadiinmgases eri al  of

t he bl ockin erial, 15 closel diacent. to the wall and wherein the braze
mat eri al f?@qﬁggt%aah @UQH%PP%&%%’{%&OB QWPﬁg by the remaining material of
t he bl ocki ng i ; | okl j a second
article, the F@glb?rnt ?rillag %ﬁrﬂgmﬁf %%resﬁiéﬁg%bgﬁ%%ﬁé Béﬂgnﬁéfﬁrégﬁﬁ a faying
sur f ace adjasbhicarculate segmedts®2 ofihe camprasaohstdtdryShand ef tha feattsdr, setahe

I mprovenent .conprjsing: disposing a shimin the opening, the shimhaving at
| east> on@8 Id%segf'”ﬁﬂﬁtf%atlhiekéeﬁli %atsr%f{rég} é’{r]\eaﬁqgn CREGH g?&i &% ant bi nder,
which in <N hi i t SRALM Nt O
the. open et iRPaRUaRP PRERE S il dTopo Moo MW AR BESBE B e on
t he shi mabratabtie sebl on mibestrip 56. f Dine ebeagtaibhs sealhis askembidd to the atcagtesi ng
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heating the braze nateri erial an e seco article to an
~s ehevalThd dreopter seégment iorthe fipstrregibndfias a teickoessalis benhbathia fiest paett B4 i al to

melt; wherein the tenperature of the braze cycle vaporizes a portion of the
shim of the faying surface 72. The arcuate segment has a second region R, The

feather seal slot 64 extends in the second region of the segment under a second
part 76 of the faying surface. The arcuate segment further has a first wall 78
bounding the inner portion of the feather seal slot and a second wall 82 bounding

15 the outer portion of the feather seal slot. The first wall has a thickness Td that is
smaller than the thickness Ts of the adjacent region R, of the stator. The second
wall has a thickness Te which is also smaller than the thickness Ts adjacent the
region of the stator. In one construction formed of INCO X-750 alloy (Aerospace
Material Specification AMS 5671) the thickness Ts of the adjacent region is

20 approximately one hundred mils (.100 inches), the thickness of the first wall is
approximately twenty mils (.020 inches) and the second wall has a thickness Te
which is approximately twenty-five mils (.025 inches).

Fig. 6 is a simplified perspective view, partially broken away of an alternate

embodiment of the stator assembly shown in Fig. 5. In this alternate

25 embodiment, the thickness Td of the first wall 78 is approximately equal to the
thickness of the second wall Te. Figure 6 shows the relationship of the individual
components during the method of brazing the abradable seal or rub strip 56 to
the faying surface 72 of the compressor stator 58.

The assembly of components for the brazing method includes one of the

30 two segments 62 of the compressor stator 58. The segment has the feather seal

slot or opening 64. A layer 84 of braze material is disposed on the compressor

stator 58 and a layer of abradable material 85 for the abradable seal 56, such as



causing the mass of the shimto decrease; wherein the renaining m?t§$2$% of
the shimis closely adjacent to the wall and wherein the braze nma é '
bl ocked fromentering the opening by the remaining naterial of the shim 3.
The met hod of brazing two articles of claim2 wherein the opening is of
such an extent that the region adjacert the opening is deformable in
response to the brazing force at the brazing tenperature, and wherein the
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and § portions crunble 1n response to a scraping force
exert ed procédecandes fhel push Hare toegroadtheirmiatinz iThg theunalrgmwuesf tife plish m 3
whi ch further includes the st of renoying the shim erial fromthe
openi ng BAM SHRITSPIRSeHES Oh dhe Bhveh ek PPrRatIa malPriaas e HPZrKLPOS8ES 1 he
br| ttlenggrss g fadghe shim materi aI and s portions of the shimnmaterial

unbl e Th response to a scraping force exerted on the material. 6. The

rret hod of br atrne\meihoamchwdlees ditposiagra 4hinh@8 én the feathdreseal sbotndtheri al in
the shimis an al kal i mnu
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wher ei n eat resl s ant I cone resin. 9. The
net hod oplaty-Hke rjappearahte @ndscopitaink anitanateeakisach s ndtaralintieamat erial in

the shimis an alkali alum numsilicate

synthetic mica. Mica may be any of several silicates of varying chemical
composition but with similar physical properties and crystalline structure. All

15 characteristically cleave into thin sheets which are flexible and elastic. The mica
material is disposed in a heat resistant binder, such as silicone resin or other
suitable material, which allows the shim to perform acceptably at the temperature
of the brazing process.

One satisfactory material for the shim is muscovite or phlogophite mica

20 paper impregnated with a heat resistant binder and densified under heat. Other
mica papers are believed acceptable. One plate-like material having acceptable
flexural strength for supporting the article against forces may be purchased from
Cogebi, Inc. 14 Faraday Drive, Dover, New Hampshire as Cogemicanite 505
material. This material uses Cogemica Muscovite or Cogemica Phlogophite mica

25  paper impregnated with a heat resistant silicone binder. Layers of the
impregnated paper are consolidated under heat and pressure to form the plate.
The Cogemicanite 505 material manufactured from Cogemica Phlogophite mica
paper has a higher temperature rating for intermittent service capability (about
eighteen hundred degrees Fahrenheit 1800°F) than Cogemicanite 505 material

30 manufactured from Cogemica Muscovite mica paper.

The shim 88 may be formed into a single layer of micanite sheet stock or of

several layers of sheet stock, varying from 12 mils to 24 mils in thickness (.012



10. The method of brazing an article of claim1l wherein the alkali al um num
silicate material is phlogopite. 11 The nmethod of brazing an ar{i JAN0Sf
claim2 wherein the heat resistant binder in the shimis a silicone resin.
12. A method of brazing an abradable seal material to a conpressor stator
which is disposed circunferentially alpgut an axis of symmetry, the stator
havi ng a faying surface to which the abradable seal material is attached by
braze material, s eq%(i?on whi ch has a thickness Ts beneath a first

ke
part of irtdh\@Sf-aG}%@Cg\\é:S;] gag,srta dsardeyeradinihipesslobis asinecessandrfgabdge

compr os it 880806 TR sbih HasBHER4) 8o G aRisPd bEf FERD, 95 o, o
furt her ThavdHie [96éd & deptio onis flBibilRpbBesmEreRncse Blittleoaerabeingineatakt ends
under the second part of the faying surface and which has io a thickness Td

whi ch i to teraperatunesdn exness pf elee burdrast degreegdjaheentieit 6RAFDf t he

S ot Shavi ng 4 SPRECHPR)IcatiBab B! iAne o 377 ERE% & ithThel s e fipE Al
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the step of conpressing the shimby forcing the shiminto is the slot such
t hat t h@ressing the shims Mtatheslotswitbladlighferae, suel apbydapping thechion t he

e T N i O
mat er i akke et 88aFsibf, 3teh that the WATPERSS Tcomiprb8sive F6rcBIoN tHenéhim Migssur e
agai nst the abradabl'e material, braze material and
10 the shim exerts a force against the walls of feather seal slot decreasing the
uninstalled height Hsu to the installed height His..

After inserting the shim, the assembly is disposed in a vacuum brazing
furnace where heating to the temperature of the brazing process takes place. For
nickel braze used with abradable material, the assembly is at a temperature of

15 nineteen hundred and twenty-five degrees Fahrenheit (1925°F) for five to fifteen
minutes and typically ten minutes. Prior to that time, the assembly is heated to
intermediate temperatures in steps of several hundred degrees and held at those
temperature for periods as long as an hour.

A particular advantage is blocking the brazing material with the shim 88

20 from flowing into the opening that is the feather seal slot 64. This prevents the
braze from hardening on the walls. A reduction in processing time results from
not having to remove brazed material attached to the walls of the slot and
attached to the shim at the end of the brazing process.

Another advantage is the support that the shim provides to the walls of the

25 feather seal slot. The temperature of the brazing process does cause a
degradation in the ability of the walls to resist the brazing force that is applied to
the walls as the brazing process takes place. The micanite shim provides
structural support to the walls, resisting the brazing force which urges the walls
toward each other. Any deformation of the walls may result in an unacceptable

30 product.

it is believed the temperature of the braze cycle vaporizes a portion of the

shim causing the shim to lose mass and volume. The loss in mass and increase



agai nst the faying surface extendi ng over the region of the stator having
the thickness Ts and over the thinner wall of the feather seat.pymww ng
the thickness Td; heating the braze material, abradable material an he
stator structure to 2s an elevated tenperature to cause the braze materi al
to nelt; wherein the tenperature of thg braze cycle vaporizes a portion of
the shimcausing the shimto decrease in size ; wherein the renmaining

mat erial of the shim presses against the wall of the featherseal slot to
support the wall having decreased thickness Td during the brazing process
at el evin beittleness sygaesls thaswed asbim s vasyilahefrrrteprPurpesey abklogkingri al i s
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.20 such that the walls of the featherseal slot exert a conpressive force on
the shimand the shimexerts a force against the thinner wall of the
featherseal slot; a |layer of abradable material and a | ayer of braze
materi al di sposed on the faying surface of the stator segnent, thdAN3§dr of
braze material being disposed between tyhe abradable material and the faying
siurface of the stator segnent; 2s neans for applying pressure during the
brazi ng cycl e against the abradable nmaterial, braze material and agai nst

t he fayilNgTHECbAMM®Xt endi ng over the region of the stator having the

t hi ckness Ts and over the thinner wall of the feather seal slot having the
t hi ckness Td; wherein heatlng the braze material, abradable mat eri al and

the statpr st d rial
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MB10%6 " ! t $10%M(9relr&hmme(r§:m of the braze cycle vaporizes a portion of the
blocking material causing the blocking material to decrease in volume ; wherein
the remaining material of the blocking material is closely adjacent to the wali and
wherein the braze material is blocked from entering the opening by the remaining

material of the blocking material.

2. A method of brazing a first article and a second article, the first article
having an opening bounded by a wall and a faying surface to which the second
article is attached by braze material, the improvement comprising:

5 disposing a shim in the opening, the shim having at least one layer of
plate-like mica material and a heat resistant binder, which inclt_Jdes the step of
compressing the shim by forcing the shim into the opening such that the wall of
the opening exerts a compressive force on the shim and the shim exerts a force
against the the wall.

10 disposing braze material and the second article in a manner appropriate
for brazing on the faying of the first article;
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3. The method of brazing two articles of claim 2 wherein the opening is of
such an extent that the region adjacent the opening is deformable in response to
the brazing force at the brazing temperature, and wherein the step of disposing

5 the shim in the opening further includes compressing the shim to an extent that
the shim exerts a force on the wall of the opening that resists the force used in
the step of brazing and wherein the loss of mass of the shim is offset to an extent
by compression of the shim such that the shim blocks deformation of the region

adjacent the opening,

4, The method of brazing two articles of claim 2 which further includes the
step of removing the shim material from the opening and wherein the step of
heating the shim material increases the brittleness of the shim material and

5 portions of the shim material crumble in response to a scraping force exerted on
the material.

5 The method of brazing two articles of claim 3 which further includes the
step of removing the shim material from the opening and wherein the step of
heating the shim material increases the brittleness of the shim material and

5 portions of the shim material crumble in response to a scraping force exerted on
the material.

6. The method of brazing an article of claim 1 wherein the the mica material

in the shim is an alkali aluminum silicate.
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9. The method of brazing two articles of claim 2 wherein the the mica material

in the shim is an alkali aluminum silicate.

10. The method of brazing an article of claim 1 wherein the alkali aluminum

silicate material is phlogopite.

11 The method of brazing an article of claim 2 wherein the heat resistant
binder in the shim is a silicone resin.

12. A method of brazing an abradable seal material to a compressor stator
which is disposed circumferentially about an axis of symmetry, the stator having a
faying surface to which the abradable seal material is attached by braze material,
5 bhaving a region which has a thickness Ts beneath a first part of the faying
surface, the stator having an axially extending edge having a feather seal slot
extending axially along the edge of the compressor stator under a second part of
the faying surface, the stator further having walls bounding the feather seal slat,
one of which extends under the second part of the faying surface and which has
10 athickness Td which is smaller than the thickness Ts of the adjacent region of
the stator, the improvement comprising:
disposing a shim in the featherseal slot having at least one layer of plate-
like material consisting essentially of mica disposed within a heat resistant
binder, which includes the step of compressing the shim by forcing the shim into
15 the slot such that the walls of the featherseal slot exert a compressive force on
the shim and the shim exerts a force against the thinner wall of the featherseal
slot;
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against the faying surface extending over the region of the stator having the
thickness Ts and over the thinner wall of the feather seal slot having the
thickness Td;
heating the braze material, abradable material and the stator structure to
25 an elevated temperature to cause the braze material to melt;
wherein the temperature of the braze cycle vaporizes a portion of the shim
causing the shim to decrease in size ; wherein the remaining material of the shim
presses against the wall of the featherseal slot to support the wall having
decreased thickness Td during the brazing process at elevated temperatures and
30 pressures and wherein the braze material is blocked from entering the

featherseal slot by the remaining material of the shim.

13.The method of brazing an abradable seal of claim 12 which further includes
the step of removing the shim material from the feather seal slot and wherein the
step of heating the shim material increases the brittleness of the shim material

5 and the shim material crumbles in response to a scraping force exerted on the
material.

14. The method of brazing an abradable seal of claim 12 wherein the step of
heating the braze material and the compressor stator includes heating the shim
material to a temperature greater than twelve hundred degrees Fahrenheit for at

5 least an hour and then heating the materials to a final temperatureTf greater than
sixteen hundred degrees Fahrenheit.

15. The method of brazing an abradable seal of claim 13 wherein the step of
heating the shim material includes disposing the shim material in an environment

which is at a temperature greater than eighteen hundred degrees for a period of
5 five to fifteen minutes.
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the segment being disposed circumferentially about an axis of symmetry, which
5 comprises:

a stator segment having a faying surface which adapts the segment to
receive abradable seal material, the abradable seal material being attached to
the segment by braze material in the assembled condition, the stator segment
having a first region having a thickness Ts beneath a first part of the faying

10 surface, the stator segment having an axially extending edge having a feather
seal slot extending axially along the edge of the compressor stator under a
second part of the faying surface, the stator further having walls bounding the
feather seal slot, one of which extends under the second part of the faying
surface and which has a thickness Td which is smaller than the thickness Ts of

15 the adjacent region of the stator segment:

a shim disposed in the featherseal slot having at least one layer of plate-
like material consisting essentially of mica disposed within a heat resistant
binder, the shim being compressed by forcing the shim into the slot, the shim
having an installed height which is less than the uninstalled height of the shim

20  such that the walls of the featherseal slot exert a compressive force on the shim
and the shim exerts a force against the thinner wall of the featherseal slot;

a layer of abradable material and a layer of braze material disposed on the
faying surface of the stator segment, the layer of braze material being disposed
between the abradable material and the faying siurface of the stator segment;—

25 means for applying pressure during the brazing cycle against the
abradable material, braze material and against the faying surface extending over
the region of the stator having the thickness Ts and over the thinner wall of the
feather seal slot having the thickness Td;

wherein heating the braze material, abradable material and the stator
structure to an elevated temperature causes the braze material to melt during the
method of brazing; wherein the temperature of the braze cycle vaporizes a
portion of the shim causing the shim to decrease in size ; wherein the remaining

material of the shim presses against the wall of the featherseal slot to support the
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temperatures and pressures and wherein the braze material is blocked from

entering the featherseal slot by the remaining material of the shim.



