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NI CKEL ALLCN’WELDING W RE BACKGROUND CF THE INVENTICN (1) Fleld of the
.Invention [ 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 wire. (2) Prior Art [0002] Nickel based

superal | oys have found useNt@K@ngﬁiég)WEﬁHI#$ gt gzechnol ogy applications.
Single crystal, directionally solidified and equl axed ni ckel -based al | oys

that exhibit strength and oxidation resistance at high tenperature are

particularly useful in fo qeﬂpqﬂﬁgﬁﬁ, nce articles conposed
of ni ckel - based superallo%g&are expensi ult to replace, there is
a need (fior reellHods oher Epaésitngnsuch articles. One such repair method is

|IIustrated in US Patent No. 5,783,318. [0003] Despite prior efforts in
the areb0891}epalfhe Prﬁ?%ﬂEllnY@@ﬁ%P%Lﬁﬁ%%ﬂqﬁnFQ % RdréelenilR¥ a need for

new methodg; of wifpaitingdy ekl hased1supebal Loy rsybsiLat J here is a

correspondi ng” need for a nickel based alloy that is SUIta.$% coating or
repair @ﬂp%m@bl@mt@@npcslﬂm\ﬂmYp@I:flilqulaN\llENfumlpeoloﬂéldém momiamce with the

t t kel | | |_di iLre. t
b made F PR ot S G ?}cpor R o aRobt car5Re D 61587 of "fo@m%“um”ay

from wire.

) (2) prior Art
[c002] 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 artlcles
composed of nickel-based superalioys are expensive or difficult
to replace, there 1s a need for methods of repairing such
“articles. One such repair method is illustrated in U.S. Patent
No. 5,783,318,
[C003] 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 1is a
corresponding need for a nickel based alloy that is suitable for

coating or repair of substrates.

SUMMARY QOF THE INVENTION .
[0004] In accordance with the present invention, the nickel
alloy welding wiie in a first embodiment may be made ffom 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 from about 5.6 to 6.2 wt% tungsten, from
.about 8.0 to 8.3 % tantalum fromabout 1.7 to 1 2.1 wt % nol ybdenum from
about 9.5 to 10.5 vvt%cobalt from about 2.8 to 3..2 wt % rhenium from
about 0.07 to 0.30 wm % carbon, from about 0.02 to O.04 wt % boron, from
about 0.08 to 0.12 wt% zirconium fromabout 0.08 to 0.12 wt% yttrium from
about 1501t gcd. RoWM/KBakAI umoﬁngo&@@ b ance ickgls cB%%%tmﬁ:%mal may
further conprise up to about 0. 12 wt % manganese, up to abolt 0.12 w %
si |l i conabgptt 8. 8bsat 3@%@5’%%@1@%@%5@% Ot ® Tabigutd .0 00 &5 W % suI fur,
up to a%%%%o ggﬁ%%%bggg’ a&? Lp 6 bor n Vggbco R&} g[ﬁgog%

W&l di rein a

accordance w t’h resent "1rnventi on e nickel
second @nnedwnenulmymbemnaﬁmir@m@t ned®erialo Qmﬁéiy&@rﬁﬁﬁm gbeut 4.75 to

5.25 wt% chromium from about 5,5 to 5.8 w% alumnum fromabout 5.6 to
6.2 w %*PPURgst 8nFof Forh E{BOu}t‘aéanf‘o @“@) Hootamraumickedm aBsut 1.7 to
2.1 wt Y%apkybdenymy, Eﬁ@@hé?o% % rPsé ouploté MIcapal 1wtf°r9\'£hg§H@Hé 2\1
3.2 % rhenium from about .30 wt % carbon, from about to
0.04 wt%vb@bont frdm Hbéuﬁl@l@@ntoupotqzamt%zﬁ rQﬂ&wuwjr%; pﬂmowhabous 0u1@8 to
0.12 wm %yt m ab 1.5 w % hafyy u and _t he_hal ance
- ni ckel . h('-éIED ﬁigpgr {Ogﬁ Wt }J{ rr%?las%ouutph?oﬂaﬁﬂo@ut Tt WMo g?anese

up to abeut 0.12 wt% s:bbpeen up to about 0.015 vvt%phosphorous up to

about 0.015 wt % sul fur, q%to about 20 wt% i ron, and up.to about 0.10 wt%
copper . P@@éé] A TRt RSP FORR G it ﬁ&eap’éﬁéékt AOEeNBF R e SRR las

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 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 0.12 wi% yttrium, from
about 1.0 to 1.5 wt% hafnium, and the baiance nickel. The
material may further comprise up to about 0.12 wt% manganese, up
to about 0.i2 wt% silicon, up to about 0.015 wth phosphorous, up
™y to about 0.015 wt% sulfur, up to about 0.20 wt% irom, and up to
about 0.10 wt% copper.
[0006] A method for repairing a crack in a workpiece, such as
a turbine engine compcnent is provided. The method broadly
coﬁprises 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
st eps 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 accor bR LB AT egent bRYENE o0, A0 ORI AT NG e, 2o epgLat ure
until the repalr material of the welding wre flows 1into nd 171 I''s“the
crack. [D00¥]an@ Herlldettaiel sret:kt he nickel alloy welding wire of the present

inventio wel |, .as ot her. obj ects and advan es t.t endant thereto, are
set fortgbqozﬁt he #%Iﬁ%véerr:tgﬁcﬂest acieﬁcé%e &léé%e' p?ﬁgﬂy BE%%EEWBE%@%TF; ON OF
THE PRERERRER tENBORVENT( Shs [0008ksAsthet egh €, atd e BFas@fed Nvention is
directed to a nickel alloy welding wire which may be used to repair cracks

in tur AHEERGhEREERIOnertts F6EMBETER o atlne chkel Lyslget dapdrl@d oy. In a
first erﬁ&ddﬂgﬁtmr;_he ni ckel welding wire may be formed froma material

havi ng a conpdosition conprising fromabout 4.75 to 5.25 wt% chrom um from
about 5.5 to 5.8 wt% al umi num from about 5.6 to 6.2wt % tungsten, from i

bout 8.0 to 8 % t 7 2.1 wt % nol ybd f
cbout 8.0 Lo %3ntt Oy  ANLELUM. 41 o ShautylyTL-2edeMtobEl ybdenum from |
about 0. fyodey 0. 30s Wi9b e@riisre f o8 heen?. 92vbAcQoR4: Wt ¥a rBOFON, td r-om

about 0.08 to 0.12 W% zirconium fromabout 0.08 to 0.12 wt% yttrium from
§§OUt 1. Mgk ]y &l hgweedddingmiggdwhheh 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 frdm 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%
ftantalum, from about 1.7 to 2.1 wt% molybdenum, from about 9.5
to 10.5 wt% cobalt, from about 278 to 3.2 wt% rhenium, from

about 0.07 to 0.30 wt®% carbon, from about 0.02 to 0.04 wt3

boron, from about 0.08 to 0.12 wt% zirconium, from about 0.08 to
0.12 wt% vttrium, from about 1.0 to 1.5 wt% hafnium, and the
balance nickel. The material may further comprise up to about
;”H 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
.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 compositibn comprising
from about 4.75 to 5.25 wt% chromium, from ébout 5.5 to 5.8 wt%
aluminum, from abcut 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 nmay further conprise up to about 0.12 wt%
Jmanganese, up to about 0.12 W% silicon, up to about 0.015 wt % phosphor ous,
up to about 0.015 wt % sul fur, up to about 0.20 wt% iron, and up to about
0.10 wt % copper. [0009] In a second enbodi ment, the nickel alloy welding
wire may be fornmed froma material having a conposition conprising from

about 4075 5t Q8. 2% £k YnChERRIURLof £ 0N @boyity 55 5t Wi’ s@ku,aum from
- about 5.6 to 6. 2%\?\&%tUngsten,g%?%m about 8.0 to é.%ﬁvﬁ%)'tgnt a%%} from
about 1balepce hiwkelproFybduatariét oney abouthsx: SdnpriGes upt ¥ocababt, from

about 2.8.t,0 3.2 W9 iu rom about. 0. 18 to 0.30 w % carbon, from
about O.OO}tZt (‘5‘7%6. 61%1\%5%%%&0 ,t%r%]?ﬁmg’%oﬁtj‘%."b 5t 10- S W) For g’ﬁ’lhﬁm from
about 0.008 1650 w3 30 ph2sph¥rytkl i up cbrapvaboutolls Qrt» shiFum, Yubakni upbyand the

bal ance nickel . The material may further conprise up to about 0.12 wt%
manganede 2 Oup o 13R8ut 2031 3PwEY 8PPRE O 1Uip7 D GARRAT- 0. 015 wt % phosphor ous,

up_to aleilsof. 015l Moy il 12 hRULr Qe R0 YEIALLD, AU b Lo about

0.10 wt % copper. [0010] The welding wre o e present 1 nvention may be

f or med Wproest byg castanher bahahavial baeind dre dOrdgoifingegeodmgositions into
any suitable f.orm.includin but . n limted 0,.a billet or_a rod form
After c éjfripr?&l&r&?“ﬁeéﬁ%goﬁ%ﬁ’e?%?ag{tﬁe&%ﬁ%tl%#%%%q' F Blg%s&l}f“é £8d to one
or nore thgata Hingatment & ted Aerfaseriés cuetig thas Henrealdgnetthe material
may be formed into a wire by one or nore cold rolling and/or extrusion

y .
operati 6W§ SR @3E6Fd2lol'PYngeaftPdPCed rtRi he Vpetara dfttare preferably
iR?rforrn¥%éd%n%n§%'E%bhﬁcE%QE%CEhgeductility. 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 cof about 2000 degrees Fahrenheit. After Eeing 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
eguipment. 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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atmpsphere. The extrusion operation is preferably forned at a tenperature
,of about- 2000 degrees Fahrenheit. After being formed into a wire state, the
wel ding wire may 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 draw ng conpounds, oxides, dirt and oil. The cleaning
process, I resdd g dlk[y ig cause, 9 of, pt ni?y the wire or
deposi u%%&gf“qa%gi‘? ances ar rrlf uE’Ltt to Vr\%anl %ga Yogg}?gtp?oéfg \h% 1e]d The wel di ng
wre i sm@t@ﬁmlablzyny nsel tasmize rt etdiratt guer mnpdes;pr tﬂper aféadagngce)fusdmb twire

i nto machi ng din eq ment,.. The i_ng, W provided with this
t enper f%pahﬁv@%%lqlg%?lé %eeﬁ' Woﬁalmﬁi?‘ gre?n gaglé?(g’rrp?}é THERRS di ng
wre nayub@lzpé osesEesl @sms@ledftomdy b2 arR¥tel YoSa Pahgdtatese irf.t323, 186;
4,777,710, and_6, 586, 060, which patents are_ incorporated by reference

her ei n. *aQA 23 TEX @R {2V e ¥ehnito eoatclidRedegtrBP nBabRgIRRLL cBifponent ,
such as; gy ¢Lacked, Ly dﬁ%@?‘eam a8 Al Qs el 1By E??tui <CEREK ¥m£%nC|t%%ned
first to renove any is or unwante mat er ny Sui T abf & t'echnique
known i natde @ftfrmm'ihowmeﬁ Q@ o ragpaitr 3t.lleménatcks . Afheretfieecy adle has been
cl eaned, the cra i ne. engi ne caonmponent be heated tp a
Cenper ab ek I TAT TS TRHRT oFS b ABous Beds EoRatote Jeo8TeRtiEly in

Fahr enhgktovda@ncé rwly@ﬁlme headddir antrdiglidnat whhat hempesahine iy a time in

the range of fromabout 2.0 to about 3.0 minutes. Thereafter, the crack . |
may be GerReBRTSTRgiR Wet RFRFeATiE Handty Fhé6npaspepohhematerial R

‘L} ferming the welding wire to flow into the crack being repalred

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 fiom about 1950 to about 2000 degrees Fahrenheit for a time

period in the range of from about three to five minutes. The
;1} stress reliéf heat treatment may be carried out in any suitable
: atmosphere known in the art. Any excess repailr 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 maintaining 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 wel ding
wre, ,gbelgppl | gatihantat Reabehd DavEHi @GNthihedhPaldsdmiey ah khe allowed
to solidify. [0013] If desired, the repaired turbine engi ne conponent nay

t hen becsubprtteld repalhozy crazimnem Hugbiser esginel cerpomphss, heat

treat nen ' t te r re..n t ran f from about
1950 1o ABaGY BRote aegTbad plte s TR fiepd aEpb8T0Ee ot AR OO0
from abputsthteententive maipwesusekhero Mapess ekickk heabtheeatypsd omy be
carried out in any suitable atnosphere known iln the art. Any excess repair
mat er i aF°aKPLRESSrepair site may be renoved using any suitabl e means known
inthe art. [0014] The welding wire of the present invention features

i nproved material 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 wwre may be used to repair cracks in turbine engine conponents such
as turbine bl ades, vanes, seals, BOAS, and conbustor panels. 5 [00153 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 welding wire conpositions of the present

i nvention may be used to repair cracks in other types of workpieces. 6 WHAT
IS CLAIMED IS: 1. Anickel alloy wire to be used in effecting repairs to

ni ckel based superalloy conponents, said nickel based alloy being forned
froma material conprising from4.75 to 5.25 wt% chromum from5.5 to 5.8
wt % al um num fromb5.6 to 6.2 w% tungsten, from 8.0 to 8.3 wt%tantal um
froml1l.7 to 2.1 wm % nol ybdenum from 9.5 to 10.5 w % cobalt, from2.8 to
3.2 ww%rhenium from 0.07 to 0.30 wt% carbon, fromO0.02 to 0: 04 wt % bor on,
from 0.08 to 0.12 wt% zirconium fromO0.08 to 0.12 wt% yttrium from11.0 to
1.5 wt WHRaf18 omIMEndishe bal ance nickel. 2. The nickel alloy wire of claim
1, wherein said material further conprises up to 0.12 wt % nanganese, up to
0.12 % sgilicon, ..up to . 0.015 wt % phosphorous, up to 0.015 wt % sul fur, up
to 0.20 &%cﬁ?ﬂrﬁllaﬁmﬁ 0 85, 4epdM B0 ESprlEing Bepaire B diekelabperd wire of

cl ai m $uperael®) Bompornts ) GalanikkbEMAAGEd aUbY iKEi Rt rdhe@NBE, PT Oper feeding
of tkmav%reatnto nmachi ne melding equi pment. 4. A'nethod for repairing a
crack MA-SF1fbrIOPPEEEEoffAM i ng Bhe tetey?d weY Spremiw nfrad ni ckel - based
super akl DytoCOrPQRE ANl 0 rack; g, kn i i to a
tenperature in ther%lgﬁggﬁgf fi‘?‘fom 16255@'?%9t ?6%5‘&&8‘#%%%@'% gﬁheit for a tine
in the8 ¢ &Rg% DMLY ramtalant 6rd 0 ni ndt @sto 3nl wt% molybdenum, from

9.5 to 10.5 wt% cobalt, from 2.8 to 3.2 wt% rhenium, from

0.07 to 0.30 wt% carbon, from 0.02 to 0.04 wt% boron, from

0.08 to 0.12 wt% zirconium, from 0.08 to 0.12 wt% yttrium,
from - 1.0 to 1.5 wt% hafnium, and the balance nickel.

2. The nickel allby wire of claim 1, wherein said matériél further

comprises up to 0.12 wt% manganese, up to - 0.12 wt% silicon,
up to . 0.015 wt% phosphorous, up to 0.015 wt% sulfur, up to
0.20 wt% iron, and up to 0.10 wt% copper.

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

sufficient to enable proper feeding of the wire into machine

" welding equipment.
4. A method for repairing a crack in a workpiece comprising the
steps of:
providing a nickel-based superalloy component having a crack;
heating said workpiece to a temperature in the range of

from 1625 to 1675 degrees Fahrenheit for a time in the

range of from 2.0 to 3.0 minutes; and

repairing said crack by applying a welding wire formed from a



repairing said crack by applying a welding wire forned froma 7 nicke
based al |l oy having a conposition conprising from4.75 to 5.25 wt% chrom um
from5.5to 5.8 w%alumnum from. 5.6 to 6.2 wt%tungsten, from8.0 to
8.3 W tantalum from11l.7 to 2.1 w % nol ybdenum from9.5 to 10.5 w %
cobalt, from2.8 to 3.2 % rhenium from0.07 to 0.30 w % carbon, from
0.02 to 0.04 Wm% boron, from0.08 to 0.12 wt% zirconium from0.08 to 0.12

Wt % Yt L . wt % haf nj d the_bal i ckel to said
Cr ach Shel ma TS TtY Shindo R EonRor e e e d R anan e EbRal {1 ovs Toni o and

fill$osai2b ortdcichromiling febhod accof. B n® 15Q sChabMadumihen el fr&ai d heating
step conp i% ) Qf%tin% %?id wor kpiece with an induction heater. 6. The

net hod accdr ﬁﬁb ‘6 YtEi MPRISEERt hEF R onpri siBnd teuBj dcVihgtantiad Winr kpi ece
to afsemess rell.ef theal, it heal ABMybderun, THg Pt Nod agear dhngy L9 gl m 6,
wherein said subjectin step conprises heating said workpiece to a

t enpePBRLFe 5P he ra%g@ &P Bronvibotteni®so £ooR000 degd e&s tRalr.édheit for

a tijyps Pek [ e rang 0 Qut ree tao five mn - 8. The
met hod a%)cordjﬂngﬁtorghcl aim § B%héé e&n@lf;éﬁl{é Eﬁgﬁ)ﬁi’e Eompr ovi dil{%'gjssstt@p
conpfi $2swipy cddimtiong uln, &rbwr bi ne ehgiheo Canpowent yhaving, afeds@ck to be

repaired. P,O to 1.5 wt$% hafnium, and the

balance nickel to said crack and maintaining said temperature

until sald material flows into and fills said crack.

9. The method according to claim 4, wherein said heating step

comprises heating said workpiece with an induction heater.

6. The method according to claim 4, further comprising

subjecting said workpiece to a stress relief heat treatment.

7. The method according to claim 6, wherein said subjecting
step comprises heating said workplece 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.

8. The method according to claim 4, wherein said workpiece
providing step comprises providing 1, a turbine engine

component having a crack to be repaired.



