METHOD FOR REFURBI SHI NG SURFACES SUBJECTED TO HI GH
COVPRESSI ON CONTACT BACKGROUND OF THE | NVENTI ON FI ELD
OF THE | NVENTI ON The present invention generally
relates to structures subject to excessive wear due to
hi gh conpressi on contact, such as shroud support
assenblies 'installed in aircraft %as t ur bi ne engi nes

and ot her tMEJSIRIRFORRFFUBBIBHRIOSIRFACES, this

invention relates to an inproved nethod for

ref urbi skyiigre it Qe RYIRRBNPREISION C:AdGTARG hi gh

pressure turbine section of a gas turbine engine.

DESCRI PTI ON OF THE RELATED ART Hi gh bypass turbofan
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which is delivered to the conbustion chanber and to

j ' in the rear of the engine to

Fﬁggﬁéﬁgﬁghggéﬁﬁngﬁr engi ne thrust. The turbine is

contained within a case equipped with a shroud, such
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t.ol erances, different rates of thermal expansion, and
wﬂB%iﬁ‘FﬁBHB??g@%@.rbmeA%n%‘E?ch, wear is also inevitable,

particularly between the shroud and shroud support.

DESCREXPION ©FOfHE R [l 2t RBARS a stage 1 high pressure
turbi ne (HPT) shroud support section 10 represented

in Figures 1 and 2. In this exanple, the lip 14 and
Highzyspassgurbofmengines havevelar gy fn tlpt fopapepsses nepmipg air, which is
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0 excessive wear due to high conpression contact Wih
engliieetosgengmtel addfiionah @zagine tiuiter Thandbiaktis sothiaed svihiroh case

shown). The excessively worn surfaces can result in a
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maﬁl.ﬁﬁ‘cturing tolerances, different rates of thermal expansion, and dynamic effects.
As such, wear is also inevitable, particularly between the shroud and shroud support.
An example of the latter is a stage 1 high pressure turbine (HPT) shroud support
section 10 represented in Figures 1 and 2. In this example, the lip 14 and face 16
located at the forward flange 12 of the shroud support section 10 is particularly
susceptible to excessive wear due to high compression contact with the stage 1 HPT

nozzle outer band aft surfaces (not shown). The excessively worn surfaces can result

in a non-serviceable condition of the shroud support section 10.

Various approaches have been developed for refurbishing wom surfaces of a shroud
support, including building up these surfaces by thermal spraying a chromium

carbide, nickel-base alloy or Co-Mo-Cr-Si alloy, or by weld build-up such as with the
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1 cobal t-base L605 superall oy. These refurbi shnment

appr-oaches, though successful, do not provide a

| ong-term solution to the wear and di nensi ona

degradation of shroud supports, thus adversely

impacting fit, formand functionality. Furthernore,

hi gh manufacturing cost and cycle tine resulting from
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probl ers. BRI EF SUMMARY OF THE | NVENTION The present

I nventi on %govides a process for refurbishing a worn
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so as_to define a repair surface on the shroud support

wegt g Siasrsionahdegradation REIIRY. ned froma slurry to
conprise a braze material and a wear-resistant all oy

BREQFgﬂ@ﬂmgﬂgkt@dnygﬂﬁbg}ﬁg ir surface, followed by a

eat treatnent to cause the braze tape to diffusion
bond to the repair surface so as to define a built-up
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Is dispersed in a matrix material of the
of the sor swfase spas & dafine aepdie perfiog oa the shroud support component.

A braze tape formed from a slurry to comprise a braze material and a wear-resistant
alloy is then applied to the repair surface, followed by a heat treatment to cause the
braze tape to diffusion bond to the repair surface so as to define a built-up surface.
The built-up surface is then machined to define a wear-resistant coating on the shroud

support component.

According to a preferred aspect of the invention, within the braze tape the braze
material is dispersed in a matrix material of the wear-resistant alloy, preferably a
cobalt alloy (an alloy whose predominant constituent is cobalt). As a result of the

refurbishment process, the shroud support component comprises a wear-resistant




cobalt alloy (an alloy whose predom nant constituent

is cobalt). As a result of the refurbishnment process,

t he shroud support conmponent conprises a

wear -resistant 2 coating diffusion bonded to a surface

of the shroud support conponent, wherein the

wear -resi stant coating has a machined surface that
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foll ow ng detail ed description. BRI EF DESCRI PTI ON OF
welding repiERinIYSgure 1 is a perspective view of a
shroud support section of an aircraft gas turbine

OtHeP BbaBts aﬁhgdd&%ltg%e]{se&f ﬁ?@&%ntfcgﬁvgiﬁ b¥ib%WeP§R#r§c§%tg@gffHﬁij the

support section Figure 1 W ng na
follawing detriled desrigtion.he forward fl ange of the support
section. Figure 3 represents a side view of the shroud

oA BES kgt ARG, SEBLL ) o o e
invention. Figures 4 and 5 represent partial side

FigitieeMi DperbitRtisd i RudoS 8 BROLE Sﬁlépoﬁ_'!' §Heti6% of afRfkcAft gas turbine
foll ow ng di ffusion bonding of the braze tapes and

Chgigehi ni ng of the resulting coatings in accordance
wWith the process of this invention. DETAILED

Fig%%b%gér%\'agi:de-rﬁgwl OMENThEN support section of Figure 1 following

machining of worn surfaces at the forward flange of the support section.

Figure 3 represents a side view of the shroud support of Figure 2 following

application of braze tapes in accordance with the process of this invention.

Figures 4 and 5 represent partial side views of the shroud support of Figures 2 and 3
following diffusion bonding of the braze tapes and machining of the resulting coatings

in accordance with the process of this invention.
DETAILED DESCRIPTION OF THE INVENTION

As discussed above, Figures 1 and 2 represent a stage 1 high pressure turbine (HPT)

shroud support section 10 of a type used in aircraft gas turbine engines to support a
3




As di scussed above, Figures | and 2 represent a stage

1 high pressure turbine (HPT) shroud support section

10 of a type used in aircraft gas turbine engines to

support a 3 shroud (not shown), made up of multiple

nozzl es that surround the rotating conponents of a

gas turbine engine. Various high-tenperature materials
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exanpl es of whjch include Reng 41, Rene 77,
CompRBBET o NEARE SRR oS G0N ReBHemBSamEe BitsHanpan be used
1o f@ﬂﬁ) ktheCod :Bb&rt t&eifohg or gRable eﬁ!impl% SERhichl 1h2z’iu@é1 Re:E@&ﬁ'Rdn@ 77,
base al 2())/9 he support section 10 has a forward

R3Q pathierM509.ttheughdbé present mweahomrsdarbaqéy applipablefte theenepeir of

essegfffty gy A b 1R st ReBR R o (R § Bl e 12

thaf@utinach f(ﬁ'fwal'dl 4 pnd fordvatll fitace i aid ddapiel @o Bo@Edtahd Suter
""" characterized by high conpression forces and relative

bangf apaRdivisealaeszle Rppeided b therwgetden 1 Qe ontast of thedip 14 and
f f S j

facfﬁ g:@ﬂl:!' tf(’i;é:(%g%isl‘? gsn tcﬁ!lr% glgfe% I}Jﬁ/ hg%'; F: }t)%gsdél?ffﬁl%eé) fand relative

movgmnd betweenfthd b@ntacﬂmgl mﬁace&sassmnelsult olf emanuufﬁauﬂﬁg Ofletahees,
[ 16 are prope to excessive wear that

.J1i.p 14 and face

dﬂjﬁ%@%é@?& a? moal GRpAnsiRReARd dpmamis sifick dwingepgation of the

engﬁieg UK €sueh! R SipGRdsSofBhé '11551';4 sHdecdle Ard plohE I ek Qbsive wear
refurbi shing the shroud Support section 10, involving
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out, by first .cle 9 . ot her .
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nmachi ned repair syrfaces 18 and 20 at which the
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di spersed in a mtrix a wear -resi st ant oy.

Figure 3 depicts the result of applying braze tapes 22 and 24 to the repair surfaces 18
and 20. According to a preferred aspect of the invention, the braze tapes 22 and 24
are formed to contain a braze material dispersed in a matrix of a wear-resistant alloy.
Suitable braze materials are generally characterized by a composition whose base
constituent is the same as the wear-resistant alloy, but with a lower melting
temperature than the wear-resistant alloy. A particularly suitable braze material is a
cobalt-base alloy containing, by weight, about 22.5 to 24.25% chromium, about 9.0 to
11.0% nickel, about 6.5 to 7.5% tungsten, about 3.0 to 4.0% tantalum, about 2.6 to
3.0% boron, with the balance cobalt and minor or incidental elements such as carbon,
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Sui tabl e braze materials are generally characterized

by a conposition whose base constituent is the sane

as the wear-resistant alloy, but with a [ ower nelting

tenperature than the wear-resistant alloy. A

particularly suitable braze material is a cobalt-base

al l oy containing, by weight, about 22.5 to 24.25%
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alléf &e Bfeffér% ?tah YolvBePRWH SR B%Hé@ﬂﬂfoﬁhearﬁﬁﬁie} ﬁnitefé%\smnng
ure consisting of, by weight, about 10%¢t
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The braze material powder has a preferred particle size range of about -270 mesh (53

micrometers maximum), preferably -325 mesh (44 micrometers maximum). The
wear-resistant alloy powder has a preferred particle size range of about -200 mesh (75
micrometers maximum), preferably about -325 mesh (44 micrometers maximum).
This powder mixture is then combined with a binder to form a slurry. A suitable
composition for the binder is a polymeric or organic binder capable of burning off at a
- temperature of not higher than about 1200°F (about 650°C) to leave no undesirable
residues. A preferred binder is a polyethylene commercially available from a variety
of sources. The binder is combined with the powder mixture in a sufficient amount to
form a slurry that can then be dried to yield a pliable sheet. For example, the slurry
5



The braze material powder has a preferred particle
si ze range of about -270 nmesh (53 mcroneters

maxi mum, preferably -325 nmesh (44 mcroneters

maxi mum). The wear-resistant alloy powder has a
preferred particle size range of about -200 nesh (75
m cronmeters maxi nunm), preferably about -325 nmesh (44

mayriber appbieé e ansupport rsileet Which othee rempyadufremi thet pliable sheet
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her than about 1200 about 650C) to | eave no
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51550050 SATSE 3 kel S AR Biashse. o

m xture in a sufficient anount to forma slurry that
- Whilam uﬂnﬁarm higspdrsicandoft the ek dnatenpd] ina eewshaetistadialloy matrix is
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then sintered at a tenperature ™ sufficien fuse

24 ¢ad bo femxde)f dtemapogdiaeryel thi brazs matckid)ungd the fveahresistant

allog, B Shishiede g BdR layerp ot bt Pitesif Sl pRerdiiy G fidper

tha@ i @gd] 18@rsITARCF edt SediGafit aMRyEr j €1, laser or ot her
sui tabl e technique. \Wile a uni form di spersion of the

braze material in the wear- reS|stant allg_\/ matrix i s

Thejrazetapes2 gnd J4zare éﬁﬁ@@@d}lwé watlbe fopairtspefpees ddaad 29 of the
supPiE shetfn R S BLRRL G PO H1cken BLEBRR, Wbl 22

andt ma i Hp_sS aﬁ&:lﬁﬂ do tBé regait dudfscel dignaa] 0 tai h&enethnmg/eldmg
ers of the eécﬁraze teri aI and the wear-resi st ant

methp fo5-8- i Aokuireding 28 selerier/ Oaﬁtéﬂnw ty@FareiemppEasy attachment.
AlGRERI A Ao R RHEH AD Ay R 40 thlﬁq%ﬁ}gﬂsé A bR heat

ayers’o wear - r esi st raze tapes 2
treament2d carreeddovtf alsi tnmli@mmiedoﬁ abduhélﬁ@?ﬁator atwmt 23600 {Bout

2Q of on 10 ng .a vacuum heat
115Gt ot 1300 G Bt igbomen (el TSultE R phsbly
at aR8mBLhRAGISIhbbE 2186°F RPMHokit §2U(f°?@aﬁ:%u11i31 %ﬂd t@ th’mf IQO4°C) for
resistant welding nethod, e.g., tack

a dlgeﬂlmwfe&boubt@atto therty minuessioracvacewp of bﬁsyﬂantlaéa nrtomt (less than

13 EhBRp T ate sBR Pt e e VERe Py broge H3RF aghnd 24
hav? g&%fﬁi:ab@ HSIRESASMAIS Bl RBAIYLon2th OépatrOsuptaeast 1 &R0 with a
linear shrinkage of less than 5% and a thickness shrinkage of less than 20%, yielding
built-up coatings 26 and 28 represented in Figure 4. Bonding between the coatings 26
and 28 and the repair surfaces 18 and 20 is preferably a minimum of 90%.
Furthermore, the coatings 26 and 28 preferably have a porosity of not more than 4%
by volume, with the major axis of any pore not exceeding 0.008 inches (about 0.2

mm) when measured by metallographic evaluation at 100X, and a maximum of one

inclusion being present in any field of view examined at 50X magnification.

Following heat treatment, the coatings 26 and 28 undergo primary aging to further
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1150C to about 1260C) for a duration of about ten to
sixty mnutes, nore preferably at a tenperature of
about 2180F to about 2200F (about 1193C to about
1204C) for a duration of about ten to thirty m nutes
in a vacuum of | ess than 1x103 torr (less than
1.3x10"3 nbar). At the conclusion of the heat
bond hgcagtings 26tpadSdedhe qpels sprfacasd 82nd M0ais ereferablbr pesfoymed
[ orSUr
ot {eBR EPBE SR BAE Y o 2000 B TGS FEBS-CHIBEET 2%y or
a dutitiok nd sbosthsnentoag®uo ffourelitird. hAnsedBfdary lagingi s1€p is preferably

ui I t-up coatings 26 and 28 represented in Fygure 4.
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mafiiel RORE s s Ren 7D Rk U o M M B fsc i may
dinpoisb 8t thy boize iatperatnee. t han 4% by volune, with the
maj or axi s of any pore not exceeding 0.008 inches

about 0.2 .Wwhen neasur ed tal | agr aphi c .
Foll GaRK aelish 147 RHDE SR Zonenian B BHOTIELdp Jegoghire the
dinkBkiogs PHES@ficel dndiont k&fuite@ffoN iRWy e aniaed Atthedf 14 and
magni fi cation. Follow ng heat treatnent, the coatings

face 86.a fyrfaee Umigle isgenrieulardy ympagtanyin baf arqughrsugfagrowill reselt in

. ' 6 28 t rapal urfages 18 and i
higfif el B 5 SRy et @S of PRty I pRGTFed hipes Shmids2
(Fifnge 8ppreferabl ) Qhve Alpfavé finl8REGnt the akiRbf dbbad 8D td Mout 40 micro-

duration of about, one to about four hours. A secondary

inchgsi(pus d dpabaut 3 maicemgiery) Rper formed at a tenperature
‘of about 1400F (about 760C) for about four hours if
VIR i o B ISEABL B s T plilow B, it s
appereat that ethpe faxtnmarcenld-od hdopitedgbyagnanskillechim theidrt. - Tierefore, the
coatjings 26 and 28 are nmachi ned _to reacquire the
scofit R AisGocin B Fltid CONAP A PHBAFRERSf or 't he
wear surfaces of the Iip 14 and face 16. Surface
finish is particularly inportant in that a rough
surface will result in higher wear rates. As such,
the surfaces of the resulting nmachined coatings 30 and
32 (Figure 5) preferably have surface finishes on the
order of about 30 to about 40 mcro- inches (about 1
to about 3 mcronmeters) Ra. Wile the invention has
been described in ternms of a particular enbodi nment, it
Is apparent that other fornms could be adopted by one
skilled in the art. Therefore, the




scope of the invention is to be limted only by the
followwng clains. 7 CLAIMS : 1. A process for
refurbi shing a worn surface of a conponent, the
process conprising the steps of: renoving a surface
region of the worn surface so as to define a repair
surface on the conponent; formng a braze tape froma
CLdlMSy, the braze tape conprising a braze material and
a wear-resistant alloy; applying the braze tape to
L Wb SR B SR b R b B B b 28 B
theditdpk0fi on bond to the repair surface so as to define
a built-up surface; and then nmachining the built-up
surface to define_a wear-resistant coating on th
remayifgoh sHtace region of fieoreasugae sty debing |agiepgin surface on the
coibileact eri zed in that the powder of the braze
terral is dispersed in the braze tape in a matrix
consi sting essentially of the powder of the
formeng a brsge $apgrfromal shyry, 3he Wiage pape ceswrisingar Wiazrgmiarial and a
wesalm 1. characterized in that the braze tape is
ofﬁ§8m39 Ya net hod conpri sing: conbining a powder of
the braze material, a powder of the wear-resistant

applyih@yhe bk tape ol thélpait eudfem t he slurry in which the
powders are dispersed; and formng and sintering the

braze tape to renove the binder. 4. The process o
hea, treafing fﬁ@ %{Q?eé%ﬂﬁ and th%gﬁpﬁ}régggq%fg @Pag the braze tape to diffusion
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11. 0% ni ckel , about 6.5 to 7.5%tungsten, about 3.0 to
machi@igng therbralt-umsughautd d2fie & weaBredBtabbeambing wh the ¢ongponent.
bal ance cobalt, m nor alloying el enents, and

ihcidental impurities.. 5 The.process accordjng.t.0
2. ZH eefet R acosrdBin iyt O GRELET R BRI AL braze
matrial is dispersed in the braze tape in a matrix consisting essentially of the powder

of the wear-resistant alloy.

3. The process according to claim 1, characterized in that the braze tape is formed by

a method comprising:

combining a powder of the braze material, a powder of the wear-resistant alloy, and a

binder to form the slurry in which the powders are dispersed; and
forming and sintering the braze tape to remove the binder.

4. The process according to any of the preceding claims, characterized in that the
braze material consists of, by weight, about 22.5 to 24.25% chromium, about 9.0 to
11.0% nickel, about 6.5 to 7.5% tungsten, about 3.0 to 4.0% tantalum, about 2.6 to
3.0% boron, with the balance cobalt, minor alloying elements, and incidental

impurities,

5. The process according to any of the preceding claims, characterized in that the
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wear -resistant alloy consists of, by weight, about 27

to about 29% nol ybdenum about 16.5 to about 17.5%

chrom um about 3.0 to about 3.5%silicon, up to about

3% iron, up to about 3% nickel, with the bal ance

cobalt, mnor alloying elenments, and incidental

inpurities. 6. The process according to any of the
wepr-gsistinhglley abmests ofiabycteadstitz elobut (27 tva bt 29% maddgbdenum,

t ont ai ns, wei. ght . apout 10% to about 30% o 0
e 8518 275 Hiroitns 4het B At SRR o ' Reout 3%
iroM@ td 85du® 138N hickeDith Mel WiYancd -cobulf, ShiabPhBHRAL ShERuUE, and
. support conponent of a turbomachine, the shroud
incilgptabmpurdisdponent conprising a surface and a

wear -resi stant coating diffusion bonded to the

f t re-resi £ -navj '
6. ey 5 5esp pRfortiEH 0GB 1 BE prt SR S, LR U e
brasel po cbntaiepinnesiight, tbeut VIO&H tor £ous3IE0 tof dasirhrtgmaterial and the
conpri si. braze material dispersed in a matrix
balﬁ%ﬁ?%ﬁ%%%&ﬁ%@é’? §?l%i’i11tta”§w oy. 8. The refurbished
shroud support conponent according to claim?7,
7. QR %ﬁﬁ)uﬁ%ﬂp}%&@%ﬁ‘lﬁ@ﬂéﬂ? BF aStfbbAfaBhihs, 8B sBroud support
support flange of the shroud support conponent, the
compnent coniprisirgea bafacg and apread-résintand gpgong difigsian bhndaddo the
anpenent of .g turbomachi.ne. 9. The.refurbjshed.shroud
s BB it oy B VG ¢ Fraghbg st gl GeR e £ War
surfildaroTcheshad JuPpdid @bmpbenk theewemiresittaht CARE %ﬁlg@i&iﬂg a
. by weight, about 22.5 to 24.25% chrom um about 9.0
braggmaterighdippessed|in a i metesial of Fweanresifigataley- about 3.0
to 4.0% tantalum about 2.6 to 3.0% boron, wth the

; ] [ 0 Sy d . .
8. ¢ RGP0 Bhlona Ttk SR SUBERN ainf T tharagterized n
thas thepwedr suofapo eot acuppadiflaggd of @y sleoed efippoktatdmBpohent, the
I stant .

thrugh 9, characterized jn that the wear-resi

supgp1t gl)?ﬂ%'i’@?%%‘gp&d,fobﬁll%ﬁ“@ﬁﬁ shigyd sompopet ot & Hyhemogupe.
nmol ybdenum about 16.5 to about 17.5% chrom um about

9. 31t RefuBRAML @i SibpdrO bonipdnif mming%ol CREns UP 41038,
about 3% nickel, wth the ballance cobalt, m nor

chagdctagized in dae therhiraze madriznerindistst ] by mypight.t dbest 235 to 24.25%

chromium, about 9.0 to 11.0% nickel, about 6.5 to 7.5% tungsten, about 3.0 to 4.0%

tantalum, about 2.6 to 3.0% boron, with the balance cobalt, minor alloying elements,

‘and incidental impurities.

10. The refurbished shroud support component according to any one of claims 7
- through 9, characterized in that the wear-resistant alloy consists of, by weight, about
27 to about 29% molybdenum, about 16.5 to about 17.5% chromium, about 3.0 to
about 3.5% silicon, up to about 3% iron, up to about 3% nickel, with the balance

cobalt, minor alloying elements, and incidental impurities.




