NI CKEL ALLOY VELDI NG WRE BACKGROUND OF THE I NVENTION (1) Field of the

I nvention [0001] The present invention relates to a nickel alloy welding
wire utilized for the weld repair of nickel-based superalloy conponents,
particularly turbine blades and to a nethod for repairing conponents using
the nickel alloy welding wre. (2) Prior Art [0002] N ckel based
superal | oys have found use in a variety of high technol ogy applications.

Single crystal, directional lycxgel hebbefrppdneapt@xed ni ckel -based al | oys
that exhibit strength and oxidation resistance at high tenperature are

particularly useful in form ng engine conponents. Since articles conposed

of ni ckel - based superalloy%A%%%R%%R ergbﬁéﬁfg&t to replace, there is

nNsL.Ve.
a need for methods of repairing suc§ 6gr??cles. e such repair nethod is
illustrated Field Sf RaeermthveNaion, 783, 318. [0003] Despite prior efforts in

t he area qf repair_of nickel- based superalloys, there renains a need for
nem/nethdﬁgoéﬁp r epsi ﬁrﬁéeﬁﬁcQQW?B§§88p§Eg%F§¥IE? QuUbsTHSt & lo%here is a

correspondilagngeqdrbottal nbekekopased W10 dhatr icy suidkahleakan coating or
repair of substrates. SUMVARY OF THE | NVENTI [ 0004] In accordance with the

present iswpergildry FREPANERES: BRFBICWRAThdg Wit fpladeisr sndefBodi nent nmay
be made Tr.QM.a ARt eELEE r EAPPELRLOG AL ST AR et 1 IR 19233 oWt Y ERERQGT UM

from
wire.

(2) Prior Art

[0002] Nickel based superalloys have found use in a variety
of high technology applications. Single crystal, directionally
solidified and equiaxed nickel-based alloys that exhibit
strength and oxidation resistance at high temperature are
particularly useful in forming engine components. Since articles
composed of nickel-based superalloys are expensive or difficult
to replace, there is a need for methods of repairing such
articles. One such repair method is illustrated in U.S. Patent
No. 5,783,318.

[0003] Despite prior efforts in the area of repair of nickel-
based superalloys, there remains a need for new methods of
repairing nickel-based superalloy substrates. There is a
corresponding need for a nickel based alloy that is suitable for

coating or repair of substrates.

SUMMARY OF THE INVENTION
[0004] In accordance with the present invention, the nickel
alloy welding wire in a first embodiment may be made from a
material comprising from about 4.75 to 5.25 wt% chromium, from
about 5.5 to 5.8 wt$% aluminum, from about 5.6 to 6.2 wt%

tungsten, from about 8.0 to 8.3 wt% tantalum, from about 1.7 to
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about 5.5 to 5.8 wt% al um num fromabout 5.6 to 6.2 wt

about 8.0 to 8.3 wt%tantalum fromabout 1.7 to 1 2. 1 wt%m)lybdenum from
about 9.5 to 10.5 w%cobalt, from about 2.8 to 3.2 w % rhenium from about
0.07 to 0.30 % carbon, fromabout 0.02 to 0.04 wt% boron, from about 0.08
to 0.12 wt% zirconium fromabout 0.08 to 0.12 wt% yttrium from about 1.0
to 1.5 wt% hafnium and the bal ance ni ckel . The material may further

conprise,u .a W 9 n e (V I con, up

t o about ZOEO&@ °mﬁ&ﬂgﬁggéﬁofog%gﬁ %&?g %b%ni O1 %Stjﬂ%fl 0f3§“to about
0.20 W %aboan, 2afdtop3t. 8 wa%onheﬁlmﬁ, WE B6rc apipert. q.GIYOB-Jo 10n Ba)cwmﬁdance W th
t he prese i nvention, th i cke I yvgeldln Wre in. a seco nbodi nent
my be- nedeoPRomtETnaPEREaP- BonbPi 01 N 1Y bri i S oFs A5 9300 65

chrom umg ﬁQO%/aEQ@E0515m§Of5oﬁ whdoal unawn J riomadzoutt .18t 0 féod W %
tungsten, fromabout 8.0 to 9.0 w% tantal um fromabout 1.7to 2.1 m%
nol ybdenls'illli’nouftrémoa[S@ut1 -§. BtEohagniugy osRILNT PFraiRe aslel2. 8heo 3.2 w %
rheni um pfrm; ahoyt y0r48cha;0chont 2T B9 Mpd 0 aboUf: 0702 0860 04,0t %
boron, from about 08 to 12 Wt % zi rconi um from about Og 0! 127wt %
yttrium tior @irousbOutl 21 Wo Bt 511150Wt YWwhatei alqutary Gle Wi mmlocbels, The

mat eri al f ucther,.compLi b 6 TAnganese, up  to_about
0.12 M%trsgf?éll)cgr% t(-Sup1'(t%o('r'a‘?'1bo§§ 886 ﬁn&]p%o Lil.‘ﬁodrl\f)usr& r}On’about UB. 575 wt %

sul fur, whoa @ba@twﬁi $2@owperi.ron, and up to about O. 10 wt % copper. [0006]

Arrethodf epai g a crack i rkpi ece, such as
[6605] P n acco ance Jlf% %%e Bresent Enventlon, the nickel

% tungsten, from

alloy welding wire in a second embodiment may be made from a
material comprising from about 4.75 to 5.25 wt% chromium, from
about 5.5 to 5.8 wt% aluminum, from about 5.6 to 6.2 wt%
tungsten, from about 8.0 to 9.0 wt% tantalum, from about 1.7 to
2.1 wt% molybdenum, from about 8.5 to 10.5 wt% cobalt, from
about 2.8 to 3.2 wt® rhenium, from about 0.18 to 0.30 wt%
carbon, from about 0.02 to 0.04 wt% boron, from about 0.08 to
0.12 wt% zirconium, from about 0.08 to 0.12 wt® yttrium, from
about 1.0 to 1.5 wt% hafnium, and the balance nickel. The
material may further comprise up to about 0.12 wt% manganese, up
to about 0.12 wt% silicon, up to about 0.015 wt% phosphorous, up
to about 0.015 wt% sulfur, up to about 0.20 wt% iron, and up to
about 0.10 wt% copper.

[0006] A method for repairing a crack in a workpiece, such as
a turbine engine component is provided. The method broadly
comprises the steps of providing a workpiece having a crack,
heating the workpiece to a temperature in the range of from
about 1625 to 1675 degrees Fahrenheit for a time in the range of
from about 2.0 to 3.0 minutes, and repairing the crack by
applying a welding wire having one of the aforesaid compositions

in accordance with the present invention and maintaining the



a turbine engine conponent is provided. The nethod broadly conprises the
steps of providing a workpi ece having a crack, heating the workpiece to a
tenperature in the range of from about 1625 to 1675 degrees Fahrenheit for
atinm in the range of fromabout 2.0 to 3.0 mnutes, and repairing the
crack by applying a welding wire having one of the aforesaid conpositions
in accordance with the present invention and maintaining the 2 tenperature
until th [ teri t ' ire f i and .fil t he
crack. [35%§%§8% g? gé%%#lgﬂ%fpfkég%ﬁﬂﬁggfgﬁﬁ<§fl%e dﬁ%g%%Pgewégetkzow%resent
i nventiornntas andl fidssothercobglects and advantages attendant thereto, are
set forth, he fql |l ow det ai | e description. DETAlLED DESCRI PTIL ON OF
THE PREFEIQIQEB ENB@?MW@ENF%%)alﬁ[Soﬁésghi\s“hBF% %]gg%,w‘? Nt et qgr?\*filﬁti on is
di rect ed gresantniiakehtabhpyaweksi Nga i dteharhicHy arrYs Bedusedah@agepai r cracks
in turbine engine conmponents fornmed from a nickel -based superalloy. 1In a
first entdédienennt tRBTRFEkeRI APl NP Wil e M e @I Fesmiachat eri al
having a £oRaesitban conprising fromabout 4.75 to 5.25 wt % chrom um from

about 5.5 to 5.8 W% al um num from about 5.6 to 6.2 w%tungsten, from
about 8.0 to 8.3 wt% tantalum fromabout 1.7 to 2.1 w % nol ybdenum from
about 9.5 to 9 qﬁgﬁ}t, f b 9 Iﬂﬁg@ from

about 0.07 to éﬁ"&g‘%@ car bgr{PTTIrlbgr%bgbgﬁ@ %Rgaéltg%é%z%ﬁé(v{&]gm o¢§(}]n, from
about 0. (OQ®owad]0. 12 swrbtaid atoivey theoprabent Ondént on OLd 20w doted rtoud from
about 1.

kaﬁe%'gl@%%)QQEQEHS]W?Pg &ﬁ%%h may be used to repair cracks in
turbine engine components formed from a nickel-based superalloy.
In a first embodiment, the nickel welding wire may be formed
from a material having a composition comprising from about 4.75
to 5.25 wt% chromium, from about 5.5 to 5.8 wt% aluminum, from
about 5.6 to 6.2 wt% tungsten, from about 8.0 to 8.3 wt$%
tantalum, from about 1.7 to 2.1 wt% molybdenum, from about 9.5
to 10.5 wt% cobalt, from about 2.8 to 3.2 wt% rhenium, from
about 0.07 to 0.30 wt% carbon, from about 0.02 to 0.04 wt$%
boron, from about 0.08 to 0.12 wt% zirconium, from about 0.08 to
0.12 wt% yttrium, from about 1.0 to 1.5 wt?% hafnium, and the
balance nickel. The material may further comprise up to about
0.12 wt% manganese, up to about 0.12 wt% silicon, up to about
0.015 wt% phosphorous, up to about 0.015 wt% sulfur, up to about
0.20 wt% iron, and up to about 0.10 wt% copper.

[0009] In a second embodiment, the nickel alloy welding wire
may be formed from a material having a composition comprising
from about 4.75 to 5.25 wt% chromium, from about 5.5 to 5.8 wt%
aluminum, from about 5.6 to 6.2 wt% tungsten, from about 8.0 to
9.0 wt% tantalum, from about 1.7 to 2.1 wt% molybdenum, from
about 9.5 to 10.5 wt% cobalt, from about 2.8 to 3.2 wt% rhenium,
from about 0.18 to 0.30 wt% carbon, from about 0.02 to 0.04 wt%

boron, from about 0.08 to 0.12 wt% zirconium, from about 0.08 to
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bal ance nickel. The material may further conprise up to about 0.12 w%
manganese, up to about 0.12 wt% silicon, up to about 0.015 wt % phosphor ous,
up to about 0.015 wt% sul fur, up to about 0.20 W% iron, and up to about
0.10 wt % copper. [0009] In a second enbodi nent, the nickel alloy welding
wire may be fornmed froma material having a conposition conprising from

about 4.75 to 5.25 wt% chromum fromabout 5.5 to 5.8 wt% alum num from
about 5. 6.2 W% tungsten. from abqut 8.0 to_ .9.0 wt% tantal from
Sbout 1 0-18 81 U EE AT s g Btto 28R4 e ofbERE . from
about 2. Baflen3deZnitRel heTheinatdrim aboutf urth@ it @chp3q swt Upcasbapouf rom
about 0. 82 %o 0,04 wt% boron, from about Q.08 to 0.12 wt % zirconium from
about 0. 881€0"5%0MABIARGEG1 t1F Uy FrBth dbdit WE 30 Stid 1E08 wbBh haf APRRt and t he

bal ance pi.gkel wt Thgn8BbESE&hs MYp Fl thesu C OMRIIsS & +4YP shQ Fabouly Do 12 Y0
manganese, up to about 0.12 wt%silicon, up to about 0.015 w?% phosphor ous,

up to ab8uf00wbi5iNee std UMD Tp APWbJUHL0 @20 oAP®rirron, and up to about
0. 10wt YorpaRag! hgmgloqklgﬁﬁﬁwhgbngf%ﬂsog% dift PLESEN dYER! L ey be

formed by cas a material having one oregoi ng cormnpositions into
any suit dblkrmefiobyn cast lnlg ng, mdter ok Hawingednet @ f ahlei Ifbetgoinga rod form
After casting has been_conpleted the cast .mater..al be subjected to one
or nore ﬁgglpgs ?ég?ﬁeh?got BY et BedR S O Y Cv.ngTHg?/%aflf)grﬂThtéecﬂateri al
may be febped bAlDe@ ¥tkre BydORCrl AMH GRlstime hakgbasd/ ebmpextedsi on
operations. These cold rolling and/or extrusion operations are preferably
perform&hﬁncésgumﬁ’é%?éabr%‘%%g?? ygubjected to one or more heat

treatments to increase its ductility. Thereafter, the material
may be formed into a wire by one or more cold rolling and/or
extrusion operations. These cold rolling and/or extrusion
operations are preferably performed in a suitable protective
atmosphere. The extrusion operation is preferably formed at a
temperature of about 2000 degrees Fahrenheit. After being formed
into a wire state, the welding wire may be subjected to a grind
operation which gives the wire its final finish. Additionally,
the welding wire may be subjected to a cleaning process for
removing drawing compounds, oxides, dirt and oil. The cleaning
process should not result in pitting or cause gas absorption by
the wire or deposition of substances harmful to welding
operations.

[0011] The welding wire is preferably in a temper that
provides proper feeding of the wire into machine welding
equipment. The welding wire may be provided with this temper in
any suitable manner known in the art. For example, the welding
wire may be processed as set forth in any of U.S. Patent Nos.
4,323,186; 4,777,710; and 6,586,060, which patents are
incorporated by reference herein.

[0012] To effect a repair on a cracked turbine engine

component, such as a cracked turbine blade airfoil tip, the
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at nosphere. The extrusion operation is preferably formed at a tenperature
of about 2000 degrees Fahrenheit. After being fornmed into a wire state, the
wel ding wire nay be subjected to a grind operation which gives the wire its
final finish., Additionally, the welding wire may be subjected to a cl eaning
process for renoving drawi ng conpounds, oxides, dirt and oil. The cl eaning
process should not result in pitting or cause gas absorption by the wire or

deposi tiepagk mapPSEANCESaked N ilstt @ IR afRetabk98Sor| ORdddcdde wel ding
wire is preferably in a tenper that provides proper feeding of the wire

into machiheriwl didegy BgutPrenhttechnd que dinegnwinethaiyabe papvhbeledssd tie this

t enper i S{ r}:qi/]@ i r o] | e h i Ng
wre my96§9%¥0§%%2€%§%g?;%€{ ef‘%rt idnﬁacﬁlg;%gg Begﬁ é{%ﬂg éﬁgﬂ Notéf.lé (gr,%@ge,ddl%;
4, 777, 710urande 6o 536N @ 60ompdriartt petyedtes hareedntor potatnpdrbyuref m etioe

herein. [0012] To_effect r ir_on.a Gr d turbine_engine .conponent,
such as %aEF%C‘%gdf{?}P bzi‘ck?] lﬁbli@ ai% facﬁqu%( ﬁ%k]%t HggrﬁeérgéagﬁBer% ‘g)aeaned
first toineadveomnyeseblidsamd homanited hatattempbalatARy gyt abt emé echnimgue
known in the art nmay be used to repair the crack. After the crack has been

cl eaned, T8R8ScPhckEem FROBF e ©ri P WnpofeAt NHa§SheTheaeadtew athe

tenper at Hegck MmiPepe A8 @Tud 114N L0 1629 4@ AROYLGLE780HS8E BSon i
Fahr enhei t (\:/i a ?nd%cti on he%tlir%n and hell gzatl t hat te%pera?ﬁlrge fofona ltr} me in

the rangecofdénoen ebdutti?e Preseoutnv®rg ivnautbd leTheiebfiningthiee crack

may be welded UsLpg A, Vehd DM IE AR ArEQTPASLELANhE material
forming the welding wire to flow into the crack being repaired.
The aforesaid crack repair operation may be performed in any
suitable atmosphere known in the art. After the crack has been
completely filled with the material forming the welding wire,
the application of heat is halted and the repair material is
allowed to solidify.
[0013] If desired, the repaired turbine engine component may
then be subjected to a heat treatment for stress relief. This
heat treatment may be carried out at a temperature in the range
of from about 1950 to about 2000 degrees Fahrenheit for a time
period in the range of from about three to five minutes. The
stress relief heat treatment may be carried out in any suitable
atmosphere known in the art. Any excess repair material at the
repair site may be removed using any suitable means known in the
art.
[0014] The welding wire of the present invention features
improved material characteristics over comparable currently used
weld filler materials and may be used for high temperature
applications. The welding wire may be used for crack repair as
well as weld build up. The welding wire may be used to repair
cracks in turbine engine components such as turbine blades,

vanes, seals, BOAS, and combustor panels.
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accordance with the present invention, while nmaintaining the tenperature in
the aforesaid range. This causes the material formng the welding wire to
flowinto the crack being repaired. The aforesaid crack repair operation
may be perforned in any suitable atnosphere known in the art. After the
crack has been conpletely filled with the material form ng the welding
wire, the application of heat is halted and the repair material is allowed
to solidifbpasfj001l3hihf dasi pedschbeiheprtid Ka Bdwm engidia MEeneat my
then be subjected to a heat treatnent for stress relief. This heat

tr eat menCOREPXbeCEaF PPRHT DY RFaGKY Srfprdiine CRIERE FAMBENEBEST r ok about
1950 to %H%H&d2990r9885§§§e53955%”%ﬂé Jéydf%§'dﬁ%e E%&E%glkﬁohge okapge of
fromabout three to five mnutes. The stress relief heat treatnent may be
carried @mesrentamyvsuneblleay averosifdteried kel grekésain, oAhgrekgpss ¢kpair
mat eri al %k g éepair site may be renoved using any suitable neans known
in the pf 6% ] The welding wire of the present invention features

i mproved naterlal characteristics over conparable currently used weld
filler materials and nay be used for high tenperature applications. The

wel ding wire may be used for crack repair as well as weld build up. The

wel ding wire may be used to repair cracks in turbine engine conponents such
as turbine bl ades, vanes, seals, BOAS, and conbustor panels. 5 [00151 Wil e
t he present invention has been described in the context of repairing cracks
in turbine engine conponents, it



shoul d be recogni zed that the wel ding wire conpositions of the

ni ckel based superall oy conponents, said nickel based alloy b

pr esent
i nvention may be used to repair cracks in other types of workpieces.
IS CLAIMED IS: 1. Anickel alloy wire to be used in effecting repairs to

ei ng

f

6 VHAT

or ned

froma material conprising fromabout 4.75 to 5.25 W% chrom um from about
fromabout 8.0
to 8.3 wiPhqt aiy /liwmenr g@.about 1.7 to 2.1 wt % nol ybdenum from about 9.5
to 10.5 wt% cobalt, fromabout 2.8 to 3.2 wt% rhenium from about 0.07 to
0.30 wt% carbon, from about 0.02 to 0.04 wt % boron, from about 0.08 to

5.5t0 5.8 wt% al um num fromabout 5.6 to 6.2 w%tungsten

0.12 % z
1.5 mﬂ@&%ﬁ

A AT 0D lod 8 08 16,8 12 LB LI

nium an ance ni cke nic

am,. ahQl
V. WiTe 0

o

}.0 to
Ccl aim

1, wher enassshisthpeatadiliogl cofprhbherscospid sesckyl tioe sdbudl hyl et manganese,
up to about 0.12 wt%silicon, up to about 0.015 w % phospharqus, yp to
ot TSGR e et 0o cHBBEES S0 HleTHRNE b oF L b 0. 10
W % copperomd-um| e riC k@loud! 5% Wor 6. 9f wed ad Midin YAET Bl din SAhtWT & has a
tenper whi ch provides proper feeding of the wire into machine weldin
equi prerft-2 41t % tindeéienal IFEPTwRPeutos b bsedl- ¥ rive f et talgite fions abeu
based supey ald oy 1comRORRNLBaefdkd_RiSkel based alloy: bed ng s foimd froma

material conprising fromabout 4.75 to 5.25 wt% chromum fromabout 5.5 to
5.8 w % atemahnomt fr.dmtabguf wté tbenium, from about 0.07 to 0.30 wt$%

carbon, from about 0.02 to 0.04 wt% boron, from about 0.
0.12 wt$ zirconium, from about 0.08 to 0.12 wt% yttrium,

about 1.0 to 1.5 wt% hafnium, and the balance nickel.

08 to

from

2. The nickel alloy wire of claim 1, wherein said material

further comprises up to about 0.12 wt% manganese, up to

about

g
ki ckel

0.12 wt$ silicon, up to about 0.015 wt?® phosphorous, up to about

0.015 wt% sulfur, up to about 0.20 wt% iron, and up to about

0.10 wt% copper.

3. The nickel alloy wire of claim 1, wherein said wire has a

temper which provides proper feeding of the wire into machine

welding equipment.

4. A nickel alloy wire to be used in effecting repairs to nickel

based superalloy components, said nickel based alloy being

formed from a material comprising from about 4.75 to 5.25 wt%

chromium, from about 5.5 to 5.8 wt% aluminum, from about 5.6 to

6.2 wt% tungsten, from about 8.0 to 9.0 wt?% tantalum, from about

1.7 to 2.1 wt% molybdenum, from about 9.5 to 10.5 wt% cobalt,

from about 2.8 to 3.2 wt% rhenium, from about 0.18 to 0.30 wt$%

carbon, from about 0.02 to 0.04 wt% boron, from about 0.08 to



6.2 W% tungsten, fromabout 8.0 to 9.0 wt%tantalum fromabout 1.7 to 2.1
wt % nol ybdenum from about 9.5 to 10.5 w% cobalt, fromabout 2.6 to 3.2

wt % r henium from about 0.18 to 0.30 wt% carbon, fromabout 0.02 to 0.04
wt % boron, from about 0.08 to 7 0.12 wt% zirconium fromabout 0.08 to 0.12
w%yttrium from about 1.0 to 1.5 w % hafnium and the bal ance ni ckel. 5.
The nickel alloy wire of claim4, wherein said nmaterial further conprises

up to aBowd Qrd2; W IbABRPANESS ABLIO ARRUL o .12 W% SLELeQR, #Pod 0 about
0.015 wt % phosphorous, up to about 0.015 wt% sulfur, Up to about 0.20 wt %

iron, aRBoup te0about-°0vad wadricuppand aheThelanckenigkkdy wire of claim 4,
wherein said wire has a tenper that provides proper feeding of the wire
into machine welding equipnent. 7. A nethod for repairing a crack in a

wor kpi e6e Thapniske dhkoy steps of clprioviddi mpeaewor kpiidcrabaviay a crack;
heating_said workpiece to a tenperat in the range of from about 1625 to
1675 QughobheFaRPRRRETES (5 oS (AN b e W PaAgEcBRCF POt RbOAr 598 o 3.0

m nut esp, apdwtepailiden sasl €6 agdodty applsyiwtg anwebdbreuw, repf 06 nBsh iy om a
ni ckel based all oy having a conposition conprising fromabout 4.75 to 5.25
wt % chr 8rfdm WiF of BTt WP 5-¢ ABRE it -%0alhFi AGRT: PPEMIBLEAL2BOGtto 6.2 w %
tungsteg, 15r QP2 apoute8.0 to 8.3 W% tantalum fromabout 1.7 to 2.1 wt%

nol ybdenum from about 9.5 to 10.5 wt % cobalt, fromabout 2.8 to 3.2 W%
rhenium from

6. The nickel alloy wire of claim 4, wherein said wire has a
temper that provides proper feeding of the wire into machine

welding equipment.

7. A method for repairing a crack in a workpiece comprising the

steps of:
providing a workpiece having a crack;

heating said workpiece to a temperature in the range of
from about 1625 to 1675 degrees Fahrenheit for a time in the

range of from about 2.0 to 3.0 minutes; and

repairing said crack by applying a welding wire formed from
a nickel based alloy having a composition comprising from about
4.75 to 5.25 wt% chromium, from about 5.5 to 5.8 wt% aluminum,
from about 5.6 to 6.2 wt% tungsten, from about 8.0 to 8.3 wt?
tantalum, from about 1.7 to 2.1 wt% molybdenum, from about 9.5
to 10.5 wt% cobalt, from about 2.8 to 3.2 wt% rhenium, from
about 0.07 to 0.30 wt% carbon, from about 0.02 to 0.04 wt%
boron, from about 0.08 to 0.12 wt% zirconium, from about 0.08 to

0.12 wt% yttrium, from about 1.0 to 1.5 wt% hafnium, and the



about 0.07 to 0.30 wm % carbon, fromabout 0.02 to 0.04 wt% boron, from
about 0.08 to 0.12 wt% zirconium fromabout 0.08 to 0.12 wt% yttrium from
about 1.0 to 1.5 w % hafnium and the 8 bal ance nickel to said crack and

mai ntai ning said tenperature wuntil said nmaterial flows into and fills said
crack. 8. The nethod according to claim?7, wherein said heating step

conpri ses heating said workpiece with an induction heater. 9. The nethod

accor di | ai; , r i 5] Subj.ect i i ' to a
ctross PorornoAr El ohbnente CRE AL e PO 43 FMRRERLEEE Lperein
sai d subjngdtli sgidsnepecoapr f $ews hoatd mpddid Mordepideceacd.a t enperature in
the range of from about 1950 to 2000 degrees Fahrenheit for a tine period
in the range of fromabout three to five mnutes. 11. The nethod accordi ng
to claim?7, wherein said workpi ece providing step conprises providing a

t ur bi ne engi ne coHBonent having a crack to be repaired. 12. A nethod for
repairifg a"€r BEKPPH ACHBFRPNECEC o™ simdhareinstséds beatipgvilifRg a

wor kpi e%%m?%\iis@g ﬁeﬁﬁ@ﬁg; sheat ;8gksad &k Wordipieca dd @ ilbempenatyre in the
range of rom about 1625 to 1675 degrees Fahrenheit for a tinme in the
range of fromabout 2.0 to 3.0 mnutes; and repairing said crack by applying

a wel di iy Winte LorRRdaEE8L1AqNE6KE 2 hrsEd Al LGk Mg ;3 ;6gmposi tion
conpri sing ro% anuta 4. %ltg 5. 2% <—il/vt%c'hrorr]% um f\régl%qalbégg 5.5 t0 5.8 %
al um numubjectimgbeati d5wérkpiéce W % tsmgsteme firadmhafagutt réa@meot9. 0 wt %

10. The method according to claim 9, wherein said subjecting
step comprises heating said workpiece to a temperature in the
range of from about 1950 to 2000 degrees Fahrenheit for a time

period in the range of from about three to five minutes.

11. The method according to claim 7, wherein said workpiece
providing step comprises providing a turbine engine component

having a crack to be repaired.

12. A method for repairing a crack in a workpiece comprising the

steps of:
providing a workpiece having a crack:;

heating said workpiece to a temperature in the range of
from about 1625 to 1675 degrees Fahrenheit for a time in the

range of from about 2.0 to 3.0 minutes; and

repairing said crack by applying a welding wire formed from
a nickel based alloy having a composition comprising from about
4.75 to 5.25 wt% chromium, from about 5.5 to 5.8 wt$% aluminum,

from about 5.6 to 6.2 wt% tungsten, from about 8.0 to 9.0 wt%

9



9 tantalum fromabout 1.7 to 2.1 wt % nol ybdenum from about 9.5 to 10.5
wt % cobalt, fromabout 2.8 to 3.2 wt % rhenium from about 0.18 to 0.30 w%
carbon, from about 0.02 to 0.04 wt% boron, fromabout 0.08 to 0.12 W%
zirconium fromabout 0.08 to 0.12 wt% yttrium fromabout 1.0 to 1.5 wm %
haf nium and the balance nickel to said crack and maintaining said
tenperature wuntil said material flows into and fills said crack. 13. The

met hod r.di.ng | aj 2 ein, said i e onpri.se eating
said mo?t%gl?ceacél%\ivi :fgoglngéo%éc i )‘gl?lgée%ltler‘?é iﬁbﬁaﬂe&erq}le o%ré)gnc%?) ilu?lcg%t'g claim
12, furtteerlOconmprtissicopalsubfeotni agosai 2. dworkpl ecevtt®o dnestiness firel ef heat

treatnent. 15. .Th thad according to claim 14, er.ei i d _subjecting
step co qusteg)‘ljfgat(:%fjgg'ggi 8%\7\/0?&5}?8%9 fﬁor& Elk?e(?’}bl(eroa‘t &9 :b'ﬁ)%emrﬁange of from
about 1%hydng 2000 deguees.Bahtenbeit &% Aidddreiumperish iabdute or.aBgecof
fromabout three to five mnutes. 16. The nethod according to claim12,
wher ei n &dixd "Wér Risit&es™ pfEeRdRREISt Epl coipl i 3 et ity &@nuiBene engi ne
conponeni, ) AW R kedr 86K sh@aPerh8RAEA&Mmaktaining said temperature

until said material flows into and fills said crack.

13. The method according to claim 12, wherein said heating step

comprises heating said workpiece with an induction heater.

14. The method according to claim 12, further comprising

subjecting said workpiece to a stress relief heat treatment.

15. The method according to claim 14, wherein said subjecting
step comprises heating said workpiece to a temperature in the
range of from about 1950 to 2000 degrees Fahrenheit for a time

period'in the range of from about three to five minutes.
16. The method according to claim 12, wherein said workpiece

providing step comprises providing a turbine engine component

having a crack to be repaired.
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