GAS TURBI NE BLADE HAVI NG A MONCCRYSTALLI NE Al RFO L

W TH A REPAI R SQUEALER TI P, AND REPAI R METHOD Thi s
invention relates to the repair of the tip of the
airfoil of a gas turbine blade and, nore
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typically by grinding.

The repair squealer tip material is preferably a nickel-base superalloy. In most cases
the repair squealer tip material cannot be the same nickel-base superalloy as the airfoil
. because most airfoil materials are not readily weldable. Instead, other, more readily
weldable superalloys are chosen. However, in certain cases such as where

monocrystalline airfoils are being repaired, the selected repair squealer tip materials
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in weight percent of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5
percent molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about
6.35 percent tantalum, about 6.15 percent aluminum, balance nickel, carbon, boron,
silicon, zirconium, hafnium, and impurity elements. In another preferred form, the
second nickel-base superalloy has a nominal composition in weight percent of about
14.0 percent chromium, about 9.5 percent cobalt, about 4.0 percent molybdenum,
about 4.0 percent tungsten, about 3.0 percent aluminum, about 5.0 percent titanium,
.balance nickel, carbon, boron, silicon, zirconium, hafnium, and impurity elements. In

yet another preferred form, the second nickel-base superalloy has a nominal
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nickel- base superalloy is welded to the tip of the airfoil. The second nickel-base
superalloy is different from the first nickel-base superalloy and has less than about
0.15 weight percent total of carbon, boron, silicon, zirconium, and hafnium. Other

 compatible features discussed herein may be used in conjunction with this method.

The present invention also provides a design approach for the second nickel-base
superalloy. A method for repaiting a gas turbine blade comprises the steps of

. furnishing a turbine blade that has been in service, wherein the turbine blade has a
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furnishing a turbine blade that has been in service,
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Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited to

this prefeired embodiment.




foll ow ng nore detail ed description of the preferred
enbodi nent, taken in conjunction with the

acconmpanyi ng drawi ngs, which illustrate, by way of
exanple, the principles of the invention. The scope
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In advanced gas turbine engines, the airfoil 22 (and desirably the remainder of the gas
: .turbine blade 22) is monocrystalline. That is, there are substantially no grain
~ boundaries in the monocrystalline portion, and the crystallographic orientation is the
same throughout. The term “monocrystalline” means that virtually the entire article,
preferably at least 90 percent of its volume, is a single crystal with the same crystal
orientation throughout, although there may be some incidental small regions having
other crystalline orientations present. Even a substantially monocrystalline article

typically has a number of low-angle grain boundaries present, and these are permitted
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orientation throughout, although there may be sone
i ncidental small regions having other crystalline
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- A squealer tip 44 defines the tip 32 of the airfoil 22. The squealer tip 44 extends
radially outwardly relative to the gas turbine disk when the gas turbine blade 20 is
mounted to the gas turbine disk. As the gas turbine blade 20 rotates with the gas
turbine disk, the squealer tip 44 contacts and rubs against a seal structure on a
stationary shroud (not shown) to provide a seal against leakage of hot combustion gas
around the gas turbine blades 20. The seal forces the hot combustion gas to flow
through the gas turbine as defined by the airfoils 22 of the gas turbine blades,

imparting energy to the gas turbine and causing it to turn.
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turbine disk, the squealer tip 44 contacts and rubs
agai nst a seal structure on a stationary shroud (not
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Wbl@hﬁpdrbam ThOSecone Ingikél b&e&&pﬁralldﬁhﬂemﬁ ﬂasﬂa Ccktﬁbosbt&ﬁﬁthat

superall o refe has a conpositjion that |
is i leen f0mT ity thhfg %ﬁt piekelhase fuperalley m&%&laﬂy in that it is
wodpgeal l oy, particularly in that it is weldable. Sone

exanples of operabl e second nickel -base superal | oys

i nclude nodi fied Rene(r) 142 alloy having a nom nal
Sanerposipleoof opersde giton aridehbasef sup2rallopemciede neatifitd Rene®

ercent chromum 1.5 percent nolyhde
lﬁgeaﬁl?@ﬁlamaﬁgw@ﬁ @H@Oﬁ%ﬂ%éwelaiﬁ @?ﬁcmﬁofé2g‘spf§% spfealt, 6.8

perégérﬁb t adhthiuth 1'155p§ér€§ﬁt mbl %Hhﬂﬂﬁﬂ 4@6";)%'3?& Hin%gt%h 2.8 percent

oron, Silicon, “zirconium ni um
rhiemipon; |6:?y5 plereein tantalurnd |6f]15e;iel1§arte41m)mﬁm1 hbalang mckel carbon,

boron, silicon, zirconium, hafnium, and impurity elements; modified Rene® 80 having

a nominal composition in weight percent of 14.0 percent chromium, 9.5 percent
cobalt, 4.0 percent molybdenum, 4.0 percent tungsten, 3.0 percent aluminum, 5.0
~ percent titanium, balance nickel, carbon, boron, silicon, zirconium, hafnium, and
impurity elements; and modified Rene® 195 having a nominal composition in weight
percent of from 7.4 to 7.8 percent chromium, from 5.3 to 5.6 percent tantalum, from
2.9 to 3.3 percent cobalt, from 7.6 to 8.0 percent aluminum, from 3.7 to 4.0 percent

tungsten, from 1.5 to 1.8 percent rhenium, balance nickel, carbon, boron, silicon,




a nom nal conposition in weight percent of 14.0

percent chromum 9.5 percent cobalt, 4.0 percent

nol ybdenum 4.0 percent tungsten, 3.0 percent

alum num 5.0 percent titanium balance nickel,

carbon, boron, silicon, zirconium hafnium and

jmpurity elenments; and nodified Renpe(r)_ 195 having a
ZHenwEY hafpinge and igpunty changiy Inggach case the totalied carbon, foron,
slith, BFCER0P, SN RO s R That 013 Kol pASHR brc profeably tes
tien ©@. iWevagttpeadentyiandi mosf preferdbly lesothdn 0.05eva ghttpercent.
tungsten, from1l.5 to 1.8 percent rhenium bal ance

nickel ., carbop,. boron,, sidicon, 7 zir.conium hafnjum
P b e i e i 5 sechud iR FRgrAlloy has o
sE@RfRAAAy HeLtSF fotal DI LarBOM, bofdd, SPbM RirceMtmh ahdhAffiluhSpresent as
| ess than 0.15 wei ght percent, nore preferably |ess )
atgieip-boundarysirepathonsy, cdeng withdthes selerpends & am“qu geagl physical

: 0..05 ' e : | n: i ed

plon8ihed if by BERER s N BhincdTSRBROK T, 13 Y€ present
aplieaticants &l weldpdesdpair dqukdler 6ip 4Grdnon, mbaswdystalkind iatdsi]l 22,

zi rconjum, and hafnium present as _a grai.n-boundary
haw FvehgRHEALRO neq ggvaﬂ_e-ﬁom stegngihening of &epﬁee%@éwkel-base
s@%&‘i‘iogwédu‘s‘é‘ihe sgﬁé& &1"8'4%515 hé dufdfe FHIRIOam™a- pri me

trengt hened superall 0y. In the present application

as a wel ded repair squealer tip 46 on a

Muooeroer, \the girésenee af these| graid;boundarg vatrepgthbmre intsriees neigd the

for graip-boundary st.rengt in f the, second .
e e B L AR YA 5 B At B ViR, iuERE RE, vieldeot good
wBldkd prdRBOthringd ProdackionVReRBMEbperhtihsPI BIREBERsRh B8 Yrain-
grai n-boundary strengtheners interferes with the ]
baysdpiycerensthening tghemendp anproyegu wglde applicptiors ob yhengqughley fip by

I [ =) f. cgood ., .wel ded Qroduct duri .
rofFEHE RO Pl o PR AW, R0 g pionaty be
foldedi ifto theunslany calsecinglukion gl pororey) tadd iifkple@v@idnVredtes the

application of the squealer tip by reducing the
chapersnel schsdefgetshafiveigingssush mglusigas whemhexcgssaglagdy formed

ot . | + . _
red £Fieh 3071 oY 5B it HRlhch ol rbARIIPU ook SR Tecygey the
skilh espmiremert and Ghomtkedksald weldMpoite. nvateternalclagsmostbewhmnved

excess sjaqg is fornmed requires jgh | evel of skill
by grg %&_Jiféfrf%&r Increagng gmfepfﬂg g5 @ﬁwe%gg@lga@ rérd@a?fﬁ &g that the
ndeli®forSltel Wkl HaSRUPR! a@fifledd NOTAL Bnilehsh ! gfengraiﬂﬂ@undary
Even externa l'ag nust be renove y grinding,

sttehgthetiys alne pewids thy rebé to dfzaithe weding privéetiures dggddmporesheat to
asses is

R IR LW ST AL

also reduced.

Consequently, the total amount of the grain-boundary strengtheners carbon, boron,
silicon, zirconium, and hafnium is reduced to the levels indicated above. Some of the
grain-boundary strengtheners may be present because it is too difficult to refine them
out of the second nickel-base superalloy, but ideally there is as little of these elements

present as possible.




strengtheners al so avoids the need to alter the

wel di ng procedures to add nore heat to the weld. Wld
cracki ng and segregation problens such as haf ni um
segregation are also reduced. Consequently, the total
anount of the grain-boundary strengt heners car bon,

RS AT LT A T R
répainy- RO YRS Alring hlAR PN eNRY BiriiRY blage Qoeats, %cri%s %yﬁi%r ivhich
is too difficult to refine them out of the second

hag baealin pervigesis ﬁ@mhedsyteptﬁﬁt Aruedﬂnllqged Ireterial & raslowct from the

aftoif 3552 afe 3% s oo RE Blen IO SRRt berfOhbtl ugihg pvay

damagidhegtefidl] and @pally inethded theGamainitidopareotitha degidal sq-t{;lhﬂer tip
turbi ne bl ade 20 as descri bed earlier, which has been

44 and ey qther damage at the §RSd, of theeitfed 22.Any  damaged
material is renoved fromthe airfoil tip 32, step 62.

THE Sseb &I Hidk3l- ﬁésgp nl'gjg ag%ﬁh%{ﬂ % 'ltﬁiv nfté?ﬁniﬁd Ig,rz}ln- oundary

grindi ng away terial, usua
strdmgtheaingi aiem@tpambom,fbdrhm silicog) md:ommneambhaﬁuqm aﬂdescnbed
airfoil

d the t f t
a6 B losnteds pen B i Bistept iy b Pestirmip b desipipe ab spsly new
nikellaSe QURkAI0HOWIBRY typically, 8N G dﬁ!ﬂghﬂgd 8¢ AMRPARI %th% 4, by

boron, silicon, zirconium an fnium as describ
ﬁab@dﬁetlf}ﬂsg prasudlidetd, sesandpnigkel-bk¢ supstadloynthgt @berwme meets the

n nti.r.ely new. njc
Pl iy e R B Safi of Wb W prBpen et B fpostion
hadnllglsfré(ﬂk&ﬂ tdtél dnhcint 6f the d¥in-Houh&dryisdtemithéning dlements carbon,
candi dat e second ni ckel - base super aI | oy that otherw se

b‘?fé%t%“toﬁemqoéq@iisraéﬁéﬁﬁlﬁﬂﬁ atan areeniahle dgvel step 3. st ep 66,
and then preparing a nodified conposition having a

ThE WEHRA hRkalk ba@?%éraﬁgy Lien %9'1@6&%& n@(ﬁﬁ%ﬁt c%fn grain-boundary

strengthening e nt's car oron
steengthening neleraerds hafappliseh by v&rhdlag dephalirdoil ¢ipedl, s¢ef0. The
wth the reduc

Th d kel | |
wEnECR PrRBD AR BEUTEA Y @ CHmEsHR N h L IBHFR i Eelding
Ia?é?pslvélﬁﬁilgp& )Sfasﬁiﬂa NHc %1&15@ ah rtﬁ&*le'teéﬂnﬂqu%g the ts@fbnaomcﬂ_éi %ase

ding’is preferably actonplished a techni que such
swsraﬂas i§ melfed end allowek tal pmgressﬂve]yaohvlé}f ainfig theoairfpil dipn32 to

ot e, SRl Rt TR O s moteria i
reﬁfo@&! &&’éth\éﬁkiré{dﬁ%ﬂ ig 'sﬁakfe?ﬁﬁ ﬂletrle@lfadrafeﬁ;dynﬁrhﬁ; &Zgé @ypically by

bui I d up a wel dnent er an oversize
grmgiing. terpdtivebx ce preionmt of ithe seepnd mckel-base superalloy may be

prepared and welded to the airfoil tip 32, but this alternative is less preferred because

it is difficult to fully join the preform to the airfoil tip 32 and difficult to achieve the

desired microstructure in the final repair squealer tip 46.

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, vartous modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.




renoved and the weldnment is shaped to the required
aerodynam c shape, typically by grinding.

Al ternatively, a preformof the second nickel - base
superal l oy may be prepared and wel ded to the airfoi
tip 32, but this alternative is |l ess preferred because
it is difficult to fully join the preformto the

i | tip 32 and difficult to achieve the desired
m crostructure in the final repair squealer tip 46.
Wd: hosigihhea ipar ti cul ar enbodi nent of the invention has
been described in detail for purposes of

illustration, various nodifications and enhancenents
Imay Berensitpd gapiurhing blade semprisigef rom the spirit and
scope of the invention. Accordingly, the invention is

n : d . a d cI i, ITR:
acBiyhR B, hRECh Gy BRiAY oL SHREACEE oo irccd-base
siesdlycandri sing a turbi ne bl ade having a
nnnocrystalline airfoil nade of a first nickel -base
eraII and epa r ti,p wel.ded to a t ..
a geiag gl o Weided BPEIR of e PR B diccreptif pedleP ip i

nﬁ@@' €of0fa el ORRKAIHALE! suEé&%Ho Udﬁﬁé@h{ Horf {Hee higgt ni%kélfBase
he first nickel-base superalloy and having | ess t

Slamﬂ!loymnﬂShmgg Iess ancahout OdiSaweight pencemsntotad oif c;mbon boron
b con, Z|rcggp%ghgsnd haf nium 2. The repaired gas
?b.H%IBPEd m 1, wherein the total of carbon
boron, silicon, zirconium and hafniumin the second
2ni ck®he kpaed gpatuincohlades off eksmt1havherirothe totdl d0canising bbron,
percent. 3. The repaired gas turblne bl ade_of . claim 1,
> @iTRonipa, sk hafnigm in theswrondyeipksl-basessuppigly is less than gbout
qugﬁgg # and hafniumin the second ni ckel - base
super oy |s | ess than about 0.05 weight péercent. 4.
"The repaired gas turbine blade of claim1, wherein the
3secolite ripeited gdsetuﬂ)ineshlpck aff kaym Ha svharciothicrtatal of carbon, boron,

SR Pireon i Hebaithin B 50 Sk o ypfialleP B1EG Than gbout

0.08 ehsif pe¥en@bout 4.9 percent tungsten, about 2.8
percent rhenium about 6.35 percent tantalum about

6. 15 percent . _
e repaired gas turbine blade of claim 1, wherein the second nickel-base

superalloy has a nominal composition in weight percent of about 12.0 percent cobalt,
about 6.8 percent chromium, about 1.5 percent molybdenum, about 4.9 percent
tungsten, about 2.8 percent rhenium, about 6.35 percent tantalum, about 6.15 percent
aluminum, balance nickel, carbon, boron, silicon, zirconium, hafnium, and impurity

elements.

5. The repaired gas turbine blade of claim 1, wherein the second nickel-base
superalloy has a nominal composition in weight percent of about 14.0 percent
chromium, about 9.5 percent cobalt, about 4.0 percent molybdenum, about 4.0 percent
tungsten, about 3.0 percent aluminum, about 5.0 percent titanium, balance nickel,

carbon, boron, silicon, zirconium, hafnium, and impurity elements.
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al um num bal ance nickel, carbon, boron, silicon,
zirconium hafnium and inpurity elenents. 5. The
repaired gas turbine blade of claim1l, wherein the
second ni ckel -base superalloy has a nom na

conmposi tion in weight percent of about 14.0 percent

chro um about 9. e nt c bal bout 4.0
5ol y%sﬁmregaaat ?er% %’éﬁ eﬁtc anpu g¥herEn @Soﬁ?i"gfé{ ckel-base
| swmptha% Hﬁﬁnﬁiéﬂborﬁﬁ&ﬁorﬁn%&ﬁft %%Enttdftﬂﬁh %But baﬂ 87A6&ut 7.8

ni cke car bon, boron, ['1con, zirconium hafnium
penaehti (ﬂmﬂmuutry fmnen’muté 3 1@ aBQutﬂfeperegmtardaﬂugas&mm aboute2.9 to

of cla e se ni ckel - base
o8 S s R AR i B B e Bl P e Fromyghou
fiefn AcRM3gbaubbolt 4.0 e@&quﬁmgst& R GBIt LHMOMbYH 1.8MRMent
about 5.3 to _about 5.6 percent tantalum from about

rheniym, palagge uticksl, s:ar}@ne datong sBEPR, Ziteopimblafnium, Gndoimpurity
? 8.0 percent alum num fromabout from about 3.7
0 about 4.0 percent tungsten, fromabout 1.5 to about
1.8 percent rhenium balance nickel, carbon, boron,
7si | | Tho reprired ogas utwybiha fhadenpf atedini hpwhedein thed éininmskel -base
repai red gas turbine blade of claiml1, whe
supfeal et B oue YEmpesition 5o A1 PbeIReRs of ahBi fgIperecnt cobalt,

ASRIPRS | SdrQit | herpRiuBT atRRE CPS“ e%en@ %ngbgen%np CIERPLS percent
cobal't,” about 7.0 percent ch om um about 1.5 percent

tugrgsterh cibout pebesmt r‘tierpmnc abtut 6.3 rpgmeah fangebaog aBoq:heﬁ 2 quetcent

AR AR s SeRChER b, AP 103 203t yPa R S8 Vo004

p&@e&f@ otors ABHRN. oza?@s&ntoyt&% R4 HickeP bAN miAdOblenent dor a

per cent yttrlun1 al ance ni ckel and m nor el enents or
nENINAlAPSition nfpwgigllt percent ohebgt tl 2 farereent cabltathout 4 imessent
t erce om u about
oHBHERR 8T s hordndenhSh S5Rl TN YRR gl 54

p&ce‘ht rbﬂﬁlﬁlﬁ]’l hbddﬁeﬂn lpﬁiceﬂlb&hitalﬁn?a‘tﬂﬁt GeTHt péragtitadlihiinum, about
about 75 percent alum num about: 0.15 percent
0. ﬂaéﬂﬂﬁrcehﬁ hafpigm, abows0. B%rp@@ﬁtlt eaipesb RbogHH 094 pengent boron, about

PRSP A BRI ol e

repairing a gas turblne bl ade, conprising the steps of
8.f ur nA sixitlmgl far tapeivinge dak adbinkbdddehasnirisarg thasteps of ce,
wherein the turbine blade has a nnnocrystalline

fﬂfafigrl{]lgélg tvg\ﬁngng lﬁftc}ealtﬁat%as eé:rP in gerll%cc\el\,h \7 e%uq e glrgme b(facie has a
monocrystalline airfoil with an airfoil tip, and wherein the airfoil is made of a first

nickel-base superalloy;
removing damaged material from the airfoil tip; and

welding a repair squealer tip to the airfoil tip, wherein the repair squealer tip is made
of a second nickel-base superalloy different from the first nickel-base superalloy and
having less than about 0.15 weight percent total of carbon, boron, silicon, zirconium,

and hafnium.
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ni ckel - base superal |l oy; renoving damaged material from
the airfoil tip; and welding a repair squealer tip to
the airfoil tip, wherein the repair squealer tipis
made of a second nickel -base superall oy different
fromthe first nickel base superal | oy and having | ess
than about 15 mel percent total of c or on,
i 11 Acretiod ?‘Eéﬁ?%‘i‘ R T s L GRS
repairing a gas turbine blade, conprising the steps of

fifrbishing hi fabife blaABithe Hak aden Ithadrvidaswhaei the re8in¢l Kl&de has a
whereln the turbine blade has a nnnocrystalllne

mgneergitplling aifah withranogirfodl itip, angh avhgresr dienairfa iaimratiejof a first

Jrst ni ckel - base superal | oy; renoving
ngﬁdqﬁg§m§§¥ fromthe airfoil tip; identifying a

candldate nlckel base superalloy different fromthe
rdmavirig duncdged massm] frompbe airfodytip;, wher ei n t he candi dat e
ni ckel - base superalloy has nore than about 0.15

; ht percent. tat of carb on ilico .

 idfFe Brranaeter R R Sispalby. SERL B diee gkl pase
s@éﬂﬂibf' h/ﬁé‘reﬁﬁtHe%néldﬁférEﬁ%ﬂbh&nsﬁerdllﬁﬁ ﬁ@ﬁ%r@%ﬁl about 0.15
ni ckel - base superal | oy, except that the second

woighkrsrcays tngal i igarban) byyoth adicbe.szdrcomizm, andbathiug; 15

wei ght percent total of carbon, boron, silicon,

BRI B b S PR A G o B e
msﬂel&ﬁkeeﬁupetall@yg 8xdoptl ¢haofthd beeofi® aidk@]l-Basekeipelatlo® has less than

erallo
abou 0.15 Welélt percent total of carbon, boron, silicon, zirconium, and hafhium; and

applying a repair squealer tip to the airfoil tip by welding, wherein the repair squealer

tip is made of the second nickel-base superalloy.
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