METHOD FOR REFURBI SHI NG SURFACES SUBJECTED TO.H 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 conpression contact, such as shroud support
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' rl tween the shroud and shroud support.
D@@iﬁéﬁ@%?ﬁ%ﬁELé?@Ag a stage 1 high pressure
turbi ne (HPT) shroud support section 10 represented
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ef urbi shi ng worn surfaces of a shroud
sur%ounﬁmg Shtoud support sttuctite” can Le manufactured to close tolerances to

minimize losses between the shroud and turbine blade tips is complicated by
manufacturing 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 wom surfaces can result

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

Various approaches have been developed for refurbishing worn 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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support, including building up these surfaces by
thermal spraying a chrom um carbide, nickel-base
alloy or Co-Mb-Cr-Si alloy, or by weld build-up such
as wth the 1 cobalt-base L605 superalloy. These

r ef ur bi shment approaches t hough successful, do not
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to the repair surface, followed by a heat treatnent to
Hetbin@isclosed are a process for refurbishing a worn surface of a shroud support
component of a turbomachine, as well as a shroud support component refurbished
~with the process. The process generally entails removing a surface region of the
worn surface so as to define a repair surface on 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.

Within the braze tape, the braze material may be 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 may comprise a wear-resistant



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. Wthin the
braze tape, the braze material may be dispersed in a
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portion of the braze tape and define a wear-resistant coating on the component.

In accordance with a second aspect of the present invention, there is provided a process
for refurbishing a shroud support component of a gas turbine engine, the shroud
support component having a forward flange having a forward lip and a forward face
that have worn surfaces as a result of being in high compression contact with an outer
band of a nozzle of the gas turbine engine, the process comprising the steps of:
disassembling the nozzle from the shroud support component; removing a surface
region from each of the worn surfaces so as to define repair surfaces on the shroud
support component; forming braze tapes by combining a powder of a braze material, a
powder of a metallic wear-resistant cobalt alloy, and a binder to form a slurry in which
the powders are dispersed, wherein the wear-resistant cobalt alloy consists of, by

weight, about 27 to about 29% molybdenum, about 16.5 to about 17.5% chromium,
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tape at a tenperature of about 1090 C. to about 1150
C. for a duration of about one to about four hours;
and then machining the built-up surface to renove a
surface £ort| on of the braze tape and define a
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‘surfaces to renove a surface portion of each of the
braze tapes and define wear- resistant coatings on the
shroud support conponent. In view of the above, it can
be seen that significant advantages of this invention
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i nclude greater product life and durability, while
al so mnim zing processing costs and cycle tines. In
particul ar, the refurbishment process results in a
wear -resi stant surface that can be provided with
relatively | ow capital investnent and substantially
reduced manufacturing costs as conpared to prior art
thermal spraying, plasma spraying and welding repair
DETWILED OESERICHION dIPraRRVAGTRIYaNt ages of this
invention wll be better appreciated fromthe
followi ng detailed description 3a DETAI LED DESCRI PTI ON
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_ nt S I high pressure turbjne (HPT)

Shm‘g‘ﬁ?‘{é’g’gﬁs‘”ﬁﬁ@%} 55‘32 a1ty e 1t alteryly, gas tushine ieRgiaRs & support a
gas turbine engines to support a 3b shroud (not
shown), nmade up of nultiple nozzles that surround the
rotating conponents of a gas turbine engine. Various
hi gh-tenperature materials can be used to formthe
support section 10, notable exanples of which include
Rene 41, Rene 77, R80 and Mar Mb09, though the present
invention is broadly applicable to the repair of
essentially any netallic base alloy. The support
section 10 has a forward flange 12 that defines a
forward lip 14 and forward face 16 that are adapted to
contact the outer band of an individual nozzle
supported by the section 10. Contact of the lip 14 and
face 16 with the nozzle is characterized by high
conpression forces and rel ative novenent between the
contacting surfaces as a result of manufacturing
tol erances, differing rates of thermal expansion, and
dynam c effects during operation of the engine. As
such, the surfaces of the lip 14 and face 16 are prone
to excessive wear that necessitates refurbishment of
the worn surfaces. Figure 2 represents a first step of
a process for refurbishing the shroud support section
10, involving renoval of any worn or damaged surface
portions of the lip 14 and face
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16. This step is preferably carried out by first

cl eaning any oxides or other contamnants fromthe
surfaces of the lip 14 and face 16, for exanple, by
usi ng such conventional processes as grit blasting,
application of a suitable oxide renoving solution,
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underlying substrate material of the shroud support 10 is exposed. Machining can be

performed by conventional machining practices, such as CNC milling.

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,
4.



fromthe Deloro Stellite Conmpany, Inc., under the nane
TRI BALOY(r) T800. The T800 alloy contains, by weight,
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en Sintered at a tenp
-about 21% of the braze material, w1th the balance essentially the wear-resistant alloy.

‘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 micro_rheters maximum).
This powder mixture is then combined with 2 binder to form a slarry. 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 slm that can then be dried to yield a pliable sheet. For example, the slurry
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sufficient to fuse (agglonerate) the powder particles

and burn off the binder (e.g., about 200C to about
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suppgrieefian 1®using afweuun hpat treatmeniofollayed byt aging. o Thhitagey 22

' ' | h 10- l .
o PR NSRS D00 19 L4550 et
methodakerggntack tweding agtesdl@ned 1aatiamnd t? 4ssub@ tenphahe raﬁ?%lﬂnent.

fl ov,\gg smoot hly_and evenly on the repair surfaces.
Altgrratrggly, gn organic ahgpive Hrashkageedofor this purpnse. Sycsuitable heat

' . i.N % viel din o
b RS 0558 o U o 0% (o
11586@ do atyitr d2602€N foshederation 00sboabtenad dixBBmanles Bﬁ)ré/ﬁﬂﬂér&bly

surfaces 18 and 20 is preferab 0

‘ o oIﬁy a m ni num of 909
at agemperafurg,piabopt 2l SUGE e abrut 28007K| 2beit 411 83°6; tetbpuh BA4°Q) for
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1.3xbombar). At thecondlesiomedshu heht scatiming| the Graphiapes 22 and 24
evalfuaH' op at. 100X . and a naxi mum of one .
~ have preferably flowed smoothly and evenly on the repair surfaces 18 and 20 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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i nclusion being present in any field of view exam ned
at 50X magnification. Follow ng heat treatnent, the
coatings 26 and 28 undergo primary aging to further 6
bond the coatings 26 and 28 to the repair surfaces 18
and 20 is preferably perforned at a tenperature of
bo%ﬂ i
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clains. 7 . A process for refurbishing a

rn surface of a corrponent subj ect to high
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eoffent TR oM LR dGPleRhy s et by ercore, the

scdpeiofitiegnvention 1€tot tRlenftE DA b§r|thk5 followifdEciinaze tape
conprising a powder of a netallic cobalt-base
wear -resi stant alloy and a powder of a cobalt-




base braze material having a |lower nelting tenperature
than the wear-resistant alloy, wherein the

wear -resi stant alloy consists of, by weight, about 27
to about 29% nol ybdenum about 16.5 to about 17.5%

c@mﬂgm about 3.0 to about 3.5%silicon, up to about
3% on, up to about 3% nickel, with the bal ance

cobgl t i al | pvi. elements, and incidental .
mpar 4 P st ing 3 St of g erpopgtRupiect to
high eareprebsan contact! thegrodess kbmpesihg e stegs othe repai r
surface to cause the braze tape to diffusion bond to
t herenepdng a surfhee eegion af tieowdef suréace daubs to dpfine a repair

surfacs%gsg%&g%ett&%g %ﬁ{a tape at a tenperature of
. 10 u

about 11500 C. for a duration of
abo t r s;..and, then machinin he
oo Torm i b8 MY o A o DB ik o 3PS e ST SR Gt e &1
br aze a mefpdicarnbatidbsa evearvesistantesloy badta poeddriog aocotialte
conpo . 3 c ding.to,claim1l

whor oitishibraze Mol ORRTR, 3°RYEEINAG sty dpan the
sur f aceacoeristantsalioys ehereit the weat-tesiskama atioyrebresistalof aind
the weak diesi I Th [O0Cess. acc i,hg.to
claim 1,'gr\{/t\h§!r)§eqtﬁé% Iifg a%?étz %§°°a6‘8ﬁﬁb§e?%ﬁ'n§‘a°“%b&r-§ tﬂg‘it}%b
conpr i19i5% :chewnibimiabgut B® fooaktert 25%:t ikcobr apdo about 3%
mat er i al., g, of  t.he. . [esist allo and
b nifeh 11 BBUER Bhio it TRE kalefe: HoBgh iopl biofiy
di sperelamkents rmdfingidenta) impdritessnt eri ng t he braze tape to
renove the binder. 4. The process according to claim
1, awrdyieg thettmazebtape do thetrepainsurfavensi st s of , by wei ght,

about 22.5 to 24.25% chrom um about 9.0 to 8
heat treating the braze tape and the repair surface o cause the braze

tape to diffusion bond to the repair surface so as to define a built-up
surface; '

aging the braze tape at a temperature of about 1090° C. to about 1150°
C. for a duration of about one to about four hours; and then

machining the built-up surface to remove a surface portion of the braze
tape and define a wear-resistant coating on the component.

2. The process according to claim 1, wherein the braze tape when

applied to the repair surface consists essentially of the braze material and
the wear-resistant alioy.

3. The process according to claim 1, wherein the braze tape is formed
by a' method comprising:

combining the powder of the braze material, the 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 claim 1, wherein the braze material
consists of, by weight, about 22.5 to 24.25% chromium, about 9.0 to
8



11. 0% ni ckel , about 6.5 to 7.5% tungsten, about 3.0 to
4. 0% tantalum about 2.6 to 3.0% boron, with the

bal ance cobalt, mnor alloying elenents, and
incidental inpurities. 5. The process according to

c |b ai 1molp/6 ();\Ml@l,eétm)ut Iagsogr a.fs%t thﬁ\@gteﬁP abahtltr@o to pyo%gmgmmt,
apou O aho 0 OT . e raze nateri a an apbou
beg dible” ok

709%°°PY oPOPRe WiBather djancgneokaly gyinog allpyag
pr ochEaserds,coiddhdidernital imbaditisl, wherein the conponent is
a shroud support conponent of a turbonmachine and the

worn §u rTmmobéssHtcoﬁii@@mmmt 1, vali%n %ebbﬂéﬁe Hl{je%é?tacilns,
SUpROrt . on S r nge ei.ng adapt ed
7 or B isiGity PG O fochect SR iR BPorwRIoal PE8 ARH Rk
7. Thebau@oessr the aeiatiadstam alidyai m 1, wherein after the
aging step the braze tape undergoes a second agi ng

step @t Taetmopessabedording talumiin 17 GMefein fthe cdbpshehtols a
hoursl?ir u?.s The .process (agc I‘gl n @,o claiml1l, wherein as
a r SSUF SSPPPRSOMPRRENt S ﬁ3”’ P@%" R a8 ipe warmpsurtage is on
veare- sugrpiostt fargecofathieNghri@&s sappoit Eavaipondrit Nihehsupboa fRkge
et BB AR RO S sosmheBivdhor Be tibeymechine

tur bi pe i n the shroud, support co nent havi
forwata TEAEEess PRSI dvierger 1 a0 e
f ac brazeatapa avelergues £ gelacesging step bEaUlenpefatiiel Sathdut
hi ggpgpagf%??ﬁé&g%@ ntact with an outer band of a

nozz P4Fbi ne engi ne, the process

conpr igSi the steps of: disassenbling.the nozzle from

the shr cﬂ% BIRSSaY té%ggr ng]nf:, 'mrgon{?b? é‘ssﬂr'ieﬁ%'g of 'the

r egimachiningnstepdhe clrfade ofMienwear-fesisemt $0afy has adkirioe

repai; a on t shroud support conponent;

f or %}“EB%ﬁ%‘g%ﬁqf‘gr?‘@g“%ﬁm&%%ﬁT g‘a powder of a braze

mat er al,, owder .of. a nmetallic wear-resistant

cobal ¥ zﬁ P%’ﬁeg%\rﬁ% @ﬂg{)lﬁﬁgg CY ghroug support component of a gas
turbine engine, the shroud support component having a forward flange
having a forward lip and a forward face that have worn surfaces as a
result of being in high compression contact with an outer band of a nozzle
of the gas turbine engine, the process comprising the steps of:

disassembling the nozzle from the shroud support component;

removing a surface region from each of the worn surfaces so as to
define repair surfaces on the shroud support component;

forming braze tapes by combining a powder of a braze material, a
powder of a metallic wear-resistant cobalt alloy, and a binder to
form a slurry.in which the powders are dispersed, wherein the
wear-resistant cobalt 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, and then forming and sintering to remove the binder,




forma slurry in which the powders are di spersed,
wherein the wear-resistant cobalt alloy consists of,
by wei ght, about 27 to about 29% nol ybdenum about
16.5 to about 17.5% chrom um about 3.0 to about 3.5%
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surface?%gto&g og%efl ne built-up surfaces; aging the

Lo s o' ibed ot SRS Mlidiatile, b o
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to rerm\(%na surface portion of each of the braze
tapes and define wear-resistant coatings on the shroud

or, o cla
P TRy B buit 0 sufdtesb REfaR 48 5P st ot B
about 2hesbrage Japersgnd Hefine wear-mbistant @odtirtgs drl tH2%hroud

ni ckel , on . 5% tungsten, about 3.0 to 4.0%
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boron, with the balance cobalt, minor alloying elements, and incidental
impurities.

11. The process according to claim 8, wherein the braze tape contains, by
weight, about 19% to about 21% of the braze material and the balance
essentially the wear-resistant cobalt alloy.

12. The process according to claim 9, wherein after the aging step the

braze tapes undergo a second aging step at a temperature of about 760° C.
for about four hours.

13. The process according to claim 9, wherein as a result of the machining
step the surfaces of the wear-resistant coatings have surface finishes of
about 1 to about 3 micrometers Ra.
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essentially the wear-resistant cobalt alloy. 12. The
process according to claim9, wherein after the aging
step the braze tapes undergo a second aging step at a
tenperature of about 760 C. for about four hours. 13.
The process according to claim9, wherein as a result
of the machi MEAFIORTFER REFURBISHING SURFACES

wear - resi stant coati ngs have surface finishes of

about 1 t 2 M t FOR ‘
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wear-resistant coating (30,32) on the component (10).

Fig. 1
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