12 Cct ober 2005 LASER REPAI R METHOD FOR NI CKEL BASE SUPERALLOYS W TH HI GH

GAMVA PRI ME CONTENT BACKGROUND OF THE I NVENTION This invention relates to
the repair of a nickel base superalloy with a gama pri ng2Omdben0d5n an
anount sufficient to result in cracking during fusion type repair. Mre
particularly, it relates. to a nmethod for avoiding cracking during repair
of an article made of such an alloy using |aser fusion or welding.
Operation of nobdem gas turbine engines particularly for use in aircraft,

i ncl udes EXSBRIREPAIR MEPHODGRORGWICIKBL B ASE SHIRER ALLON$oWITHondi t i ons of
envi ronment and nechani cal forces. To enabl e such operation, high
tenperature nickel base super hav evel oped with high gamma
prime content, for Eﬁ@E%L%é§H¥&%ﬁgﬁgﬁﬂﬂgre of inproved properties
such as nechani cal , castablllty, resi stance to the strenuous operating
environment, etc. To assist in providing such properties, currently used
forms of such alloys are nmade with relatively |arge amunts of
strengthening el enments, for exanple including at |east one of A, Ti,.V,
Ta, eBACKGRQISNDNOBTHEIN VAN of strengthening el enents results in

the formation of relatively | arge amobunts of the well known and wi dely
descri bed ganna ase,. for n i mately 30
vol une per cent ﬁpgﬁﬁgonfﬂ@?gﬂ>ﬁpgﬁﬁgﬁyfggﬁ§§#g%§ ﬁ%mﬁﬁkﬁﬁﬂ@ﬁg used

ex arrpg?gmaf rSHE RofeANin APSMBuRIsulficie@nbesiuladn ausking Hasey ﬁislicﬁytype ncl ude
Rene’ base alloy with a gamma prinme content in the ran f about 30

- 50 repmir, Mipref partienladly ibrelatesitosa method fopproidingserackingd %ﬂ&fﬁg t ent
3,615, 376. t t ent r 71); Rene' 142 Ni base
al | oy%l%maiﬁﬂﬁs%ﬁ%ﬁ% ntent elgse%'ﬁgﬁ%ﬁ%e % about 60 - 70 vol. %

forms of which are nore fully described in U S. Patent 4,169,742 - Wikusi k
et al. (patented Quyicpftiin 3f mM&es) gaartdrlﬁ?e@@ngmﬁs Nparbalslerl}alfpoylswmh a ganmm

prime content in the range of ahout 60 - 75 v % forns .of whi.ch are
or o FivR, e posi 0.ty b ffmesraci wilsr suppuu Gpafiont M N 8

Decen@ﬂm&&ner&%&%) mechanical forces. To enable such operation, high temperature

nickel base superalloys have been developed with high gamma prime content, for

example to provide one or more of improved properties such as mechanical,
castability, resistance to the strenuous operating environment, etc. To assist in
providing ‘such properties, currently used forms of such alloys are made with
relatively large amounts of strengthening elements, for example including at least one
of Al, Ti, V, Ta, etc. Inclusion of such amounts of strengthening elements results in
the formation of relatively large amounts of the well known and widely described
gamma prime phase, for example in amounts of at approximateiy 30 volume percent
or highér. There are many commercially known and used examples of such high
gamma prime content alloys. These alloys include Rene’ 80 Ni base alloy with a
gamma prime content in the range 6f about 30 - 50 vol. %, forms of which are more
7 fully described in U.S. Patent 3,615,376 — Ross et al. (patented October 26, 1971});
IRene’ 142 Ni base alloy with a gamma prime content in the range of about 60 — 70
vol. %, forms of which are more fully described in U.S. Patent 4,169,742 — Wukusik
et al. (patented October 2, 1979); and Rene’ N5 Ni base alloy with a gamma prime
content in the range of about 60 - 75 vol. %, forms of which are more fully described

in U.S. Patent 5,173,255 — Ross et al, (Patented December 22, 1992).



1 12 Cctober 2005 Certain current fusion type repair, such as wel ding, of
defects in turbine engine articles made froma high ganma prine content Ni
base superalloy, either resulting frommanufacture or frdéhEtgesd0d to
operating conditions, can result in cracking of the article. H gh ganmma
prime containing NI base superalloys are well known to be prone to mcro
and/ or macro cracking during welding or during post weld heat treatnent
(PWHT). Strain age cracking is widely believed to be the main cause of

such cracking. As adrRsnldureatlfusioh Wekedip@iraubRds WeldiBpAbE dfeds tihcl e,
for exanple a worn or damaged tip of a gas turbine engine turbine bl ade
airfoil rgengengne grtigey o i highn gapma Nprimea sentent o base gupsraboy,

preheat i ngmef rdsfRindrfrdif! Ef?a(ﬁurercﬁ'l f%l’ﬁ‘éﬁk}éfs&é %‘o%(?gﬁ% abitifond ﬁ@ﬁ calidty

above about 1400F, "and hol ding at such tenperature ring wefding, to
avoi d cr askiraningPetheatriiclg. Highhpatemgriirome conthusiONi brepsaiperalbys hrawellsi ng a
described.in su nts,as 8 Everett; and

| aser, h een h US Pat as 4 815 =
57900 1y roma 8 eS FPEle kD o pachq CBGRMEqfTna weling ot drmichfie
Tungst en weldhicaGasatmbn P WH B tSordh eﬁe lceesking i&ahieiiﬂengbglﬁé\hﬂdogﬁmﬂmahim has
been used for pepair build-up on such a preheate ubstrate. However,
known .rretCﬁBﬁfsofﬁ Q/rialﬁ)l.&nﬁr‘éﬁé‘diﬂﬁﬂ& PrTHt %‘feg‘ﬂﬁﬁln&ﬁt s i feRAY R8 .lgeﬁp&‘at ure
mai nt ai negagyld Q%o}ﬁ?b?&é}ﬁagﬁﬂ%ﬁﬁ 8f ?fgrag MrbhR @efcctufifY bldaRtilsiealad8 of a

0

tenperature control of a relatively narrow substrate such as an airfoil tip
nust be bigh wegimedrine eprtent 1N baski ey, geadirese prabeating ofi thecerticle ddi ti on,

such ar s (o A t] S cQst -becau It
r equi res(}g%{di{/%]ggh{éﬂaﬁe ;felr %@%oﬁ* ﬁéeaay [ %%)A%t gﬁ%%{g“ﬁl% fn%%dll]}%g}dﬁlgfv@l S}l%lr%g at
t he requitereperptued elmtinggweldingertatavodd chdcking. Sreheatingtiediode guior és fukiah t he

article surface being repaired be constanily.shiel fromth I di zi ng
arvi T onmE SRR GE BRRBGRM g IaVEP T SERPed it T o ki Fonbal S ar o
and cool iRgrdt: @i Stvmopr7ehaadts, oot 0 8NPRadit! B. afdier wel di ng. BRI EF SUMMARY OF
THE | NVENTI ON According to one aspect of the present invention, there is

provi ded a | aser

A manual or semiautomatic Tungsten Inert Gas (TIG) or automated laser
welding method generally has been used for repair build-up on such a preheated
substrate. However, known methods involving preheating prior to welding, with the
temperature maintained during welding, suffer from the deficiency that precise
temperature control of a relatively narrow substrate such as an airfoil tip must be
maintained in order to achieve good results or yield. In addition, such a repair method
1s relatively slow, as well as costly, because it requires equipment and time for heating
to. and holding during welding at the required preheating temperature. Also, such
‘method requires that the article surface being repaired be constantly shielded from the
oxidizing environment during preheating, weld repair at the preheating temperature,

and cooling from the preheating temperature after welding.
* BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a laser
repair method for repairing a Ni base superalloy substrate surface having a gamma prime
content of at least about 30 volume % comprising the steps of: providing and maintaining
the substrate surface at ambient temperature; providing a laser with a laser beam that

operates at least in a power range of about 50 — 10000 watts per square centimeter;
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repair nethod for repairing a N base superall oy substrate surface having a
gamma prinme content of at |east about 30 vol unme % conprising the steps of.
provi ding and nmintaining the substrate surface at anbi ed Qotnbee2@EBur e;
providing a laser with a | aser beamthat operates at |east in a power
range of about 50 - 10000 watts per square centineter; 2 12 COctober 2005
di sposing the laser in juxtaposition with the substrate surface; focusing
the | aser beamat a point away fromthe substrate surface to provide a

| aser spofisRRidshRe BUQSH @tEpotiohatith hR shfierateiufBed: F0ARiIHR the RRE bmOAR a-

0.2"; providing a relative novenent between the substrate surface and the
| aser spapointawaydidnd theambsitrateswiice onprovide adésenspag e dhesubsingn satfeatin 4@

seconds between the. |l aser beam,and the substrate surface while cqoncurrently
oper at i ng™'fhEMEP é’gé‘;"oﬁte@ﬂ?’"n%%'epﬁﬁ RE A VSH’&‘“’@HWBB%?@WFPJE%I@ i ng a

repair al emcdand e idielt Bsot tb%@ﬁd@%@n%é?adﬁr_%htthﬁé‘%ffdéﬁEretai%? th&P&bdut alo! Oy

powder into a nolten repalr alloy and deposit the nolTen repair alloy on
t he substseatmisderfean ¢he asat beamaini tlop substrate burfave vdplei conalrkepylytoperafingthede a

wel d bead. The exanpl e enbodi ments provide .a | aser repair, method for
Fapai 11 nglse et A dEe BaREF HEn e CRLURPLY dFRRTE & MGl AIO FEeE S e of
at | east @RQWhandQ ¥Rkt andofusC@BIMRHEMoFHoRAB! B 2 BlolfeR PEPELIRE Al Wefosit

wi thout the use of or need for preheating by reducingthe interaction timne
bet ween tthe maltsstrepdiealioyon thobubstrate spehce; ahdogooling the viodten ek aitpyoto t he
substrate durin | d ,repair. The method may conprise providing and

mai nt ai nil?{ﬁwge@g‘f?ﬁ]?e&pe surface at anbient tenperature in juxtaposition
with a laser that operates in the power range of about 50 - 10000 watts

per square centi metBfe exiiple dsuBiaénts bﬁﬁ&%@hs&ﬁé@aﬁﬁné@@&ﬁ&de?éiﬂﬁg ROViNt

away fromthe substrate surface, sonetinmes referred to as defocused, to
provi de atase upasuist ubsEatey ARwBE 2asamuBe Prigpsorontent of (i ladsh abeuintfevelf “about
0.03 - 0.ZndfiRA%t Shbidit drtrﬁoﬁqg?}’)@}a‘%ﬁite' wm%uggeh&%m &ﬁlfﬁgﬁrghedtﬂlgsucr‘

conbi nation, relative novenent ween the su rate surface the™l aser

to provilderalcingt the dotaraniion me dfetweengtheasubstrateaandab ouelteOrepeirorithy toet ween
the Taser, hEAauangot e SHARAE Bl WelAGRui. ThelRGnSH UM S HRRY IR g e
ge

and maintaining a substrate surface at ambient temperature in juxtaposition with a laser

that operates in the power range of about 50 - 10000 watts per square centimeter. The

beam of the laser may be focused at a point away from the substrate surface,

sometimes referred to as defocused, to provide at the substrate surface a laser spot in

_the size range of about 0.03 - 0.2" diameter, or its equivalent. The method may include,

in such combination, relative movement between the substrate surface and the laser to

provide an interaction time of no greater than about 10 seconds between the laser

beam and the substrate surface. In one example embodiment, the rate in the range of

about 1 - 100 inches per minute. Concurrently rather than subsequently, a powdered

. repair material may be deposited into the laser beam, in one form at a feed rate in the

range of about 0.4 - 15 grams per minute, into the laser spot on the substrate surface.

At this combination of laser density, relative movement rate and concurrent repair

powder delivery, the laser beam may melt and fuse the powder into a molten repair

material at a relatively low interaction time, one form of which may be in the range

of about 0.01 - 10 seconds between the laser beam and the substrate. This
combination may avoid cracking of a substrate highly susceptible to cracking when

repairing at ambient temperature. The need for preheating the substrate before and

during welding thereby is eliminated.



about 1 - 100 inches per mnute. Concurrently rather than subsequently, a
powdered repair material may be deposited into the |laser beam in one form
at a feed rate in the range of about 0.4 - 15 grans per A2 Mgtaber 2050 t he

| aser spot on the substrate surface. At this conbination of |aser density,
rel ati ve novenent rate and concurrent repair powder delivery, the |aser
beam may nelt and fuse the powder into a nolten repair material at a
relatively low interaction tinme, one formof which may be in the range of
about 0.01 - 10 seconds between the | aser beam and the substrate. This
conbi nati on may avoi d cracking of a substrate highly susceptible to
cracking when repairing at anbient tenperature. The need for preheating

t he substBREEF BESGRIPEKAN QRUTHEgDRAW thereby is elininated. 3 12

COct ober 2005 BRI EF DESCRI PTION OF THE DRAW NG Figure 1 is a diagrammtic,
fragmentary view ofpigh® MO4dn £ldiagRRARAILS AAERRRIAE] N0icAn ATBRL! R AT the
present invention. gur is a di agramfat i ragmentary view of anot her
form of apppeatat psicprimgtanceémigodimesnbbthienrsendfiintdméiopr esent i nventi on..

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention, in one

enbodi nent, provid tho r i h a
gas turbine engi ne%\bi gsagrg @éranﬁgitg %B%héﬂt%%sgmsv{ﬂr&?rjéﬂ%& 2%\%% a
gamma pr|a1npa1tat1mt;ﬁfadst1cmﬁgaﬁeﬂnbaﬁﬂmeaboﬂmeiiﬁeseﬁt invémtiend generally in the
range of about 40 - 75 vol. % At such a gamma prinme anount, the

superal | i J i f.repaired at an anbi ent
t enper at %?X@égﬁlgi‘tggﬂlg%egpﬂﬁ%ﬁ&%f@rtal n prior methods have used
preheating and heating during repair welding to avoid such cracking. The
met hod of the preserie prosefd idRntidnPa toneUb@bbdimdnsehrdvid&r arapmiodi foig an
airfoil Cil ally outer ti known to be npre subj eclt to Cl’fileldﬁ
d repalrlng, without preheating, a gas turbine engine blade airfoi e of a Ni
base superalloy having a gamma prime content of at least about 30 vol. %, and
generally in the range of about 40 - 75 vol. %. At such a gamma prime amount, the

superalloy substrate is prone to cracking if repaired at an ambient temperature.
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during fusion type repair. One exanple of a known repair nmethod is
described in the above identified Marcin, Jr et al patent. In that nethod,
al t hough the power density is relatively |low, the interad?iOstober 2&5 ange
is high and the powder is added to a nelt pool already generated on the
substrate surface by the | aser beam Cracking is alleged to be elimnated
due to high interaction tine of the laser with the substrate during

initial dePigséfordNce@fai WeibP MdtBOR! i ) 1 deposif.. Such higher

interaction tine i silgr (ll)bvi de to@l F%)&v%gtuﬁged EE%‘S%@% Eel&% beadng é{%‘nﬁi Thal .

t enper at ur¥eidhigcl dvsititchgeacking Thadhdthod ofvhe medentlidveaién anpatib@sags and
i nventiqn elimnates cracking through

reduction ,j rracking. The.present

t he conbi ndaSF llfugril‘groﬁ‘ep %ﬂ@rﬂn aﬂ)‘g%gfa Kspitsr Umdmoymee berneisrsubjespisedacking | e
mai nt ai ni nmrrnglfagibﬂg}ﬁérg%_i nteraction tinme in the range of about 0.01 -
10 seconds. Through this conbination, a reduced heating of the substrate
I s achieved during repair processing, elimnating the generation of
thermal stresses duri flpeagtampie of aslidve tépant iethod tih elesdibed Sd UG ot b e

propensi t racki-ng y _,mai nt ai ni | ower tenperature of the substrate,

addi ti ona?rdéé%?riﬁg Ig‘%f% Br ‘:él%c"‘lﬂpi’eft?ﬂti 0 irt]‘gatalv 8daalHiough tthe Foyer dlensiéndsin t he

subst r at erelatihedy ildw] sheOhtdrRion Ulne kR ik fluéﬂi g{gﬁ%{vdeq.qg a}i&é&*ﬁ)e%r i é:laand
m zed. €

t her mal expalnaii on in the substrate i's mn resses associ a W th
shri nkagePB?! alrady genasnted ion dharpibstate snfaer byathedasr boguan Qraking issilleaéd

terial o d.reduci king. | It F th

Goposi ted!? 26 EHHifR ub O4TA enbREHS, A o S ks vl (e mrisnis g

met hod i sinitéaloddpbsitionort deingbeurltinglenthd (eI RIB6SE LSRAL Gher iTrR@rEmﬁ{ hod
e

proposes reduction.in strain age cracking by  rapidly soldifying
deposit i A6 8EFOY tnefinve thy @gﬁsatted@ jaghicwé nppreraterd whictidpalibgeal of

super al | ogYedd o P11 HL RN ' he present invention reduces
cracking with a | ower rét- er t%%sglgn%%reerdxgtg%rﬁnncda&é?% in conmbination with a
| ower rise in substrate tenperature as a result of selection of |ower

traverse speedsThe prdsenidnvensonedimioass cyacking thraghahd esmbRvten of §eder at €.
12 Cct obgfoval MRinsity and lower traverse speeds while maintaining relatively low interaction

time in the range of about 0.01 — 10 seconds. Through this combination, a reduced
heating of the substrate is ‘achieved during repair processing, climinating -the
generation of thermal stresses during and after solidification, thereby reducing the
[Sropensity for cracking. By mdintaining lower temperature of the substrate,'
additional gamma prime precipitation is avoided near the fusion zone in the subétraté,
ductility of the substrate is maintained, and volumetric and thermal expansion in the
substrate is minimized. Stresses associated with shrinkage of the solidifying molten
material and expanding substrate material therefore are reduced, reducing cracking.

No remelting of the deposited repair alloy is necessary.

Another example of a known repair method is described in the above
identified Everett patent. That method proposes reduction in strain age cracking by
rapidly solidifying the deposit in order to reduce precipitation of gamma prirhe in-
deposits of superalloys including high gamma prime. The present invention reduces
‘cracking with a lower rather than higher cooling rate in combination with a lower rise

-in substrate temperature as a result of selection of lower traverse speeds and lower

power density for a selected powder feed rate.
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Through a conbi nati on of controlled | aser density and relative novenent
between the | aser and the substrate surface being repaired, the present
invention provides a low interaction tinme between the | asé? Oztdet HS
substrate to avoid cracking of the substrate during welding at anbient
tenperature. The nethod of the present invention enables |aser repair

wel ding of a superalloy including high gamma prinme w thout inducing cracks
during weld repair. The weld repair material can be selected froma
variety of alloys subslameughla ygotrthénatimmectsomrolttdf fasee dengityormd helative

substrate I nd nee ot be hi amma prinpe, alloy, However, in one
eg anpl e, t’ﬁééve%eﬁléﬁ)re Ao eg&%&"%l gﬁ)ﬁ&@tﬁ %%E}quﬁr%a%vprgwlr
alloy, mahedigidnWhrobides | 6w BstFatiSn Bhle®bthebn Halask e%HB&Pa%@H Adhy the

same as or conpatible -with the high gamma prine N base superalloy of the
subst r at e crackingeol tp aibstiatandening woldim anphkichntetipersirze Tlenmethot! eflihert . - 80
to + 325 h.,siz IS | i,vered at rate. preferably [n.the range of
about 0. 4$?essfg“gﬂl ‘ﬁﬁ%%?_n ?I]ﬁg%stl?%r ??Pﬁlére?’g]gé‘%ﬁfc‘gﬁ%ﬁeﬁal Weyn_&lqdfllﬂ ﬁ‘gpi&ﬂmﬂ“hi s has
been accopphicshatouti ind@Mgy eFRREIGTBAS weld Sifal THOWIRI fég%hj thafid] #ﬁ%@
powder feeder, through a comercially available nozzle, typically wth the
hel p of aRclgeted Sramq watiets of akeys subistiintielly thesani€has powlifferentdtonyehed at

such a ra ' t f d, agnd deposited as.,a nolien repair

mat eri al 'gﬁsﬁ?gﬁl%oﬁd ﬁlg%délﬁgg’ter %ﬁ’églétﬁaﬁgﬁae PEnG, 311y coblaWever, " Beam ¢ hat

al so is eeimples @ tepais utioySpowaaewhy i Bigh! BYfhd Wiaegétrehﬁﬁla@ﬁgper
e | aser

stream The repair powder can be delivered co-axially witht beam
as wel | a@afphed Withdthe substrateralloy inghat ibwansubeansiaHe thasmné agointonapeible

subst r at ey i ngi‘&’p" befrare or during repair.
Thereforg‘,’s’itﬁtﬁg’ét hrge uc?&%?ﬁ@%‘q’é@\ﬁgfﬂlg r?gi?l?eysuﬁ’ég?’tlehg of the substrate is
reduced bel ow an anpbunt that can develop detrinental strain in the repair
mat eri al  af t er Thowpaingowday fot examic th tiehsequeps of slraki-8g tat- 33%emadtea of
repair. A.mmai.n ff;lCtO responsjbl.e for, cracki i n high %amm prime N base
super al | o> 1) 4glagd at %§?I§tﬁ’rf’ iR the, zange oliaboyk O v dPne/mye. Biadhe ng.
Excessi vdateedieainowarditiel diefoll §)52] dhiOhas' SRA! dccHRBlAIIOh bile SRHBARALLLON-
with geonefric constraints on a relatively narrow 7

using a commercially available powder feeder, through a commercially available

nozzle, typically with the help of an assisting noble or non-oxidizing gas. The powder
delivered at such a rate then is melted, fused, and deposited as a molten repair
material on the airfoil tip substrate surface using a CO;, laser beam that also is
delivered to such surface typically generally about the poWder stream. The repair
powder can be delivered co-axially with the laser béam as well as off-axis-from the

laser beam.

No other heating of the substrate is used in the present method before or
during repair. Therefore, due to reduced laser power density heating of the substrate
is reduced helow an amount that can develop detrimental strain in the repair material
afer cooling, thus to avoid subsequent cracking at the area of repair. A main factor
responsible for cracking in high gamma prime Ni base superalloys has been
established in the art to be strain age cracking. Excessive heat input during a Welding
repair operation in combination with géometric constraints on a relafively narrow
silbstrate, such as an airfoil tip, has caused the tip weld to crack during or after
welding. As a result of practice of the present invention, multiple layers of a desired
thickness and width have been deposited successfully on the substrate, without
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substrate, such as an airfoil tip, has caused the tip weld to crack during

or after welding. As a result of practice of the present invention,
multiple layers of a desired thickness and wi dth have beéd Gdaphes205d
successfully on the substrate, without 5 cracking. For exanple, conmercial
conputer controlled equi pnent has been used to control processing
paraneters and substrate positioning, to achieve a desired weld buildup on
the substrate surface. According to the present invention, the mcro and
macro crackreigngr Bor exsngzpenimeced computg cengdéitid éfifneitaRaiveetbai RY
usi ng known tlB{ocesses i s avoi ded by control of heat input at the surface -

of weld repair. PEIEH"E gAtamsicrs §ﬂ6r%\bﬁ% ROSHIWNE, Je|asbievera desired weld
conbi nat} duifalu] a8 ee BNk LASEL REAOGUA BIAK RTINS BURSLEAS

surface to provide a selecte pot sIze range, e

rel ative risemerackbetmebleniskaparidatd duting and/a¢ eftandpiih ovd diBE siBp Xnowhh € o

rise in the, terrperatucieg of the supstrate during vvef)di ng deposition also is

cont rol | e BSFSS5r 5 PIdes) B crirolopt hemt dBPWaitather sirface Phoweldercpair. i Snddnt i on

w1 be mMypaudiuls yrovnrar st sk . . gures of .t he.,draw ng

as two di agranmat iljrc fragmﬁ{%gr%yef?lg&s%fg#]%g%ﬁ%ﬁr@%ﬁa?f{ ff?‘getfs%?jwerargapgﬁf Regra

pract i ci ndogusraveayofromhibe pubstet¢ simfacentoi mrovidern sdlectéd gptitaszd r@%a, powdert he
o

d i ng, I ticle | h f taril ] t th
o o7 ol SRS TR Bl S kb et o e
bl ade, oneiseibogi ' ' | ! 0o 45 1l - Lee
et al.-( pgt ent eg&%g%railg% og‘giggs;ﬁbét&&grﬂﬁgﬁ Wl%gddllgg%(%é%fn%ﬁglssr G&WOﬁF ég’y

sur f acel 2Propsr selegtipataf dhese pardizatersat whi ch wel d repair is being conducted..
A comrercial |laser (not shown) is disposed in juxtaposition with surface

12 and ted | . f about. 50 - 1000Q wat t
contimetor. win s PracR HSenfal 8 Y, R o) vpdpisioad 5 erdiie Gt

t enper at ufigyres bfiger dlhediy dsitvo Giagtananhies fbgmsnhfeviRed Jﬂzoﬁnh@reﬁdléqls@& a
surface 12. This defocused beam provides on

focal point 18 away fro I
surface 1‘?13?"1%&% BP%EE)‘S‘E ntlQBnﬁ ©f tthe: Prgsgmt mvanten. ofin gho igwe03 and02 DF the
di amet e drairy, GHftak arki@2 G SRESH' brhennded§ Bty & 16°A] aROklh Fal®! O
- airfoil, for example an airfoil of a gas turbine engine turbine blade, one embodiment:
of which is described in T.S. Patent 5,458,461 — Lee et al. (patented Oct 17, 1995‘).
Airfoil 10 includes an airfoil tip surfacel2 as a substrate surface at which weld repair
is being conducted. A commercial Iaser (not shown) is diSp;:)sed in juxtapbsition with
surface 12 and operated in the power range of about 50 — 10000 watts per square
centimeter. With airfoil 10 and tip surface 12 maintained at ambient temperature,
laser beam 14 from the laser is focused by a lens 16 at a focal point 18 away from
surface 12. This defocused beam, provides on surface 12 a laser spot 20 in the size

range of about 0.03 — 0.2" in diameter.

In Figure 1, laser beam 14 is focused at a focal point 18 below surface 12 to

- provide laser spot 20 on substrate surface 12. In F igure 2, laser beam 14 is focused at
a focal point 18 above surface 12 to provide laser spot 20 on substrate 12. In both
..ﬁgures, a repair alloy powde;' 22 is delivered simultaneously with the beam, off-axis

in Figure 1 and co-axially in Figure 2.

Repair alloy powder 22 is deposited in laser beam 14 over laser spot 20 at a

powder feed rate in the range of about 0.4 - 15 g/min. Powder 22 is provided from a
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provi de | aser spot 20 on substrate surface 12. In Figure 2, |aser beam 14
Is focused at a focal point 18 above surface 12 to provide | aser spot 20
on substrate 12. In both figures, a repair alloy powder 22 Ocoleeldfered
simul taneously with the beam off-axis in Figure 1 and co-axially in
Figure 2. Repair alloy powder 22 is deposited in | aser beam 14 over | aser
spot 20 at a powder feed rate in the range of about 0.4 - 15 g/ mn. Powder
22 is provided froma . 6 12 Cct ober 2005 powder source 24 by conmerci al
powder f egoadepownel 24 byrcossuercink gowdal feeda<6 adehpressirided nobletgas ¢iigh
powder nozzle 28 j.nto . laser beam 14 over |aser spot 20. Powder 22 is

mel t ed and®#tf68 ﬁ’gyo‘llgi’sﬁ‘?w@)eéd}ﬂzi %@tﬂéﬁﬁ’ég?"é@ 14 over %é?’t G0t 28p K awdsat eri al

at  surfage jdgndifed A &Pg;t 186 b i i 14
and surface 12 is pr ovi de an% c%ﬁ[% ?glaﬁgﬁ%t e%ea#g%tg%ﬁ)thﬁgﬁé?ﬁga%} aw ng
by commer sidice Huindasaapocht Ralktiecmaypmenat hitweeh hgerdieamt 4cald surfaepri2sent ed
general ly.at 30Q associ at&l w.th_ and carrying article 10. In one specific

‘eval uati off éﬁm‘flﬁﬁdp‘?’“éi_sgﬂ?tr _ I’l‘?it_@ﬁ, embadimcat f; Q?ﬁ Argwing oby efommpresd f ace
portion ohumefidsl cBhRb& i Sﬁgpaﬁﬁﬁﬁﬁ'éa?lgﬁ gﬁf}b&ﬁtéﬂl ; ge%ll fgi 139, made

of the above identified Rene' 142 N “base sup oy havi anma’ pri me
cont ent i Assohiatadawitle and calvping aBiile 180 vol . % was. repaired according to a
formof the present invention- The repair powder used in this exanple was

a Rene' 142 alloy poewder in.the size r e of about -80 . +32 sh. The
airfoil tip, ground ?’6036 S%egff_técc?vézuaéﬁor‘?&%gﬁ%ﬂmﬁ}“F%WBH’&aﬁlPéﬁ%ﬂfgﬁﬁn&‘éﬁYal ,
was cl eanegtentip futfle WRStidEBAR gasVBIHRE eﬁgﬂneqzi@ %%E%@%b%b BladRrR$53S
paraneters controlled to reduce heat input to "the tip portion. The airfoil
tip was capds of thg aboysidentifed Keneoll#2 Nivbash supereliap haviag a gammai prithe ‘
control |l g r.relative . n nd, 1.0 the range . of about 1 .. 25
I nches peéri)r%lﬁg{lgl?é faglgfl??tagélgs@t Fgﬁ%vn(\:ﬁ 11> & %% ST f:liaz‘i Or%‘gitﬂ as#)ﬁ‘?i‘r‘)fé@l aser
oper at ed present lievaivar The gepail peloett u®d in- thiSOnyEE tvias a Renéas€r aflepm from
t he | aser was f.oculjls ] : L

powder in the size range of about -80 - +325 mesh. The airfoil tip, ground to a
selected dimension to remove damaged material, was cleaned and then was repair
welded using a combination of process parameters controlled to reduce heat input to

the tip portion.

The airfoil tip was carried by apparatus qontrolied with a commercial
numerical controlled program for relative movement, in the range of about 1 - 25
inches per minute, in juxtaposition with a commercial Rofin Sinar CO, laser operated
in the power range of about 50 - 1500 watts. The laser beam from the laser was focus
away from the surface portion to provide on the radially outer surface a laser spotin
the range of about 0.03 — 0.20 inches in diameter to reduce the overall power density
.(power per unit area). During such relative movement under these conditions, the
repair powder was deposited substantially concentricaily in the laser beam above the
laser spot by a commercial Metco 6MP Dual Powder Feed System and a GE:Funac
15MA controller. The feed rate of the repair powder was in the range of about 0.4 - 15
g/min. assisted and covered by a shielding gas of Argon flowing at the rate of about
30 - 100 cubic feet per minute. This combination, selected according to a form of the
~ present invention, carefully controlled the heat input to the surface portion being
repaired, reducing stresses in the substrate and avoiding cracks in the weld without the
requirement of other or additional heating of the substrate before or during welding.
7




away fromthe surface portion to provide on the radially outer surface a

| aser spot in the range of about 0.03 - 0.20 inches in dianmeter to reduce
the overall power density (power per unit area). During dRdckteber 200ve
novenent under these conditions, the repair powder was deposited
substantially concentrically in the | aser beam above the |aser spot by a
commercial Metco 6MP Dual Powder Feed System and a CGE: Funac 15MA
controller. The feed rate of the repair powder was in the range of about
0.4 - 15 Ayherias.ofdssh skl vanelsgeyiaimbedts otite Sheliditted %@ buil 481 AlopW Ng
at the rate of about 30 - 100 cubic feet per mnute. This conblnation, -
sel ect ed Jtddingi g welds wegs headtrepted fprad seachined te design dimen@Béns, biended

cont rol | eq, ¥heaiR8atshi t ace porti bei ng - repair.ed, r.educing
stresses ??1 t heisijgﬁlb%1 %ébg;é ieeag%% eg@ glaé‘IE ngef gtgﬁ}y %qﬁge'%eﬁ’e&e&ﬁt%ﬁﬁ“fl%

requi r enennd afraptfetheqireszdet of adks. 'eadd sothefblideerisB Sy RERIsREEREE 2R
during wel di Eg . 7,12 Cctober 2005 A series of 3 - 6 welds were '
super i mpoSBEK IRt de the desired wel d build up. After welding, the

wel ds were heat treated , final machined to design dinensions, blended to

the airfoil shapgye ¢ c | NSREC by fluorescent penetrant
i nspection and X-T ay ?o?g?%ezéep%gg?y%g”% @%ai(%%g'beﬁgxn%ncgfhet ﬁ‘é‘%fﬂea i rfoil
tip wel dsrepayefds amyintainek kelatitily aloiwoss . asTRe akeidatdpi@ ddoﬁﬁ@ﬁ%@es%ﬁﬁ%

between the. J.aser b and. the surface being  repaired_ is naintaine

rel ativel §Pef1d6@?a§‘8né§%ﬁ%f%’6i%ﬁt%%i &riop stheds iavdyckyplatively bigheriryessa i on of
t he repaidpeddd BivedbeenRide redfit i I relali | . traverse
speeds ha\?e. been us%aél r_esJ?t iﬁo‘ﬁ?gﬁ;hro\g@gg:}?{ﬁg“?&é \eégé%heglf}&gg%‘é? 3& pocs
excessi vedWingearsadter wildingg Thepresener ofimictiexgessiMeastiesses #as estited Ue feld

excessi ve . as, resulted in I .cracki ng.not only during welding
but al so cd-%éﬂllﬁ E%o%l}rly 48 H"éei‘ﬁng ?’“&%ﬁ%ﬁﬁiﬂ%ﬁ@%ﬁ%@%@t e BReRt QREERAS.
advant ageOmd prineipsll &ivafifagt RE pPPARRE N thO YRIEACRVERIAVR .ﬁ@n {0
preheat and mai ntain, sucﬁ hezﬂ% of the sgbstrat‘é flor i\%ezﬁ} i ngéihge ?ﬁ%ﬂto
el i mi nat FBARSH and suawtain sycle herbrbthe avikstate fyserldae e de dlifdnatoncf
oper at i oR8socthtEEsali Lce . of  the-present |nvention i relatively
thin weld bead pr%ﬁ’ ﬁngﬁgﬁ{ga%%#gﬁfafﬁ%egﬁ‘? if‘gf suRhi operaliSns! A Tosulf of practice

of the present invention is a relatively thin weld bead profile and a significantly

reduced time of processing compared with welds produced by known methods.

The present invention has been described, in various embodiments and -forms,
in connection with specific examples and combinations. However, it should be
understood that they are intended to be typical of rather than in any way limiting on
the scope of the invention. Those skilled in the various arts associated with this
invention will understand that it is capable of variations and modifications without

departing from the scope of the appended claims.



reduced tinme of processing conpared with welds produced by known nethods.
The present invention has been described, in various enbodi nents and fornmns,
in connection with specific exanples and conbi nati ons. How@etgber 200shoul d
be wunderstood that they are intended to be typical of rather than in any
way limting on the scope of the invention. Those skilled in the various
arts associated with this invention will understand that it is capable of
variations and nodifications without departing fromthe scope of the
appended clains. 8 12 Cctober 2005 GiAMES1. A | aser repair nethod for
repairing a NI base superall oy substrate surface having a gamua prine
content of at |east about 30 volune % conprising the steps  of providing
and mai nt ai ni ng AHases yprair srathed, fararcpaigng i dase sepgsalley selstrapsy gifageng a

| aser wit h e t i P . f bout
50"~ 100004t IR BT g U OB b BER0 vblhefy B VB pARAE brerd
j uxt aposidfion with the substrate surface; focusing the | aser beamat a
poi nt away fromthe substrate surface to provide a |aser spot on the
substrate surface in the sjze range of about 0.03 - 0.2"; providing a

rel ative moverBAYidHE dRaPRENIGERRT Fubsate ghrfacatambieHdeMREBEpot t o

provide an interaction tine of no greater than about 10 seconds between the

laser beam angoliaggSnlpsler dith 3 WdeRBEatthhtCorfePRE B RA ¥ OPEHR! kigeloFe
| aser beamin the power range and concurrently depositing a repair alloy

powder i mbohke50 adep0thwatts par sqehre centimeferrse t he repair all oy powder into a
nolten repair alloy and deposit the nolten repair alloy on the substrate

surface; and, gooling the nolten repair |l oy to pravide a weld bead. 2.
The method of EtepmEng ool phfbonBE idhe Shasdeumfiebet een t ho oubstrat e
surface and the | aser spot is in

focusing the laser beam at a point away from the substrate surface to provide a

laser spot on the substrate surface in the size range of about 0.03 - 0.2";

providing a relative movement between the substrate surface and the laser spot to
provide an interaction time of no greater than about 10 seconds between the laser beam
and the substrate surface while concurrently operating the laser beam in the power
range and concurrently depositing a repair alloy powder in the laser beam to melt and
fuse the repair alloy powder into a molten repair alloy and deposit the molten repair

alloy on the substrate surface; and,
- cooling the molten repair alloy to provide a weld bead.
2. The method of claim 1 in which:

the relative movement between the substrate surface and the laser spot is in

the range of about 1 - 100 inches per minute; and,
the powder feed rate is in the range of about 0.4 - 15 grams per minute.
3. The method of claim 2 in which:

the gamma prime content of the substrate surface is in the range of about 40 — 75

volume %;



the range of about I - 100 inches per mnute; and, the powder feed rate is
in the range of about 0.4 - 15 grans per mnute. | The -nmethod of claim?2
in which: the ganma prinme content of the substrate surfacd2iGetober 20665 r ange
of about 40 - 75 volunme % 9 12 Cctober 2005 the repair alloy powder is a
Ni base superall oy matched wwth the N base superalloy substrate surface;
deposition of the repair alloy powder is assisted by a non-oxidizing gas;

and the relative novenent is in the range of about 1-25 inches per mnute.

4. The nethod @E @pat MRy PowdirCR 4 i bagekuperalbyCRikicheM twiflahs Niabae. S.
The nethod of claiml wherein the superall oy substrate surface of an

ai rfoil ofupgralloyipwistratesugfiere bl ade in which: the damaged substrate surface
is renoved; and, the nmethod is repeated to provide a plurality of

superi nposed . : . T L ofs claim5b in
whi ch: the gaﬁ%%gﬁpﬁﬁg§g%%%%%$9%$?§ﬂ§8§8%§%$§ﬁ%y%ﬂ? g%gﬁﬁgﬂ%%’ﬁﬁ% range of
about 40 - 75 volune % and, the relative novenent is in the range of about

1 - 25 inches therelaiveuhevemeh®is in the range of about 1-25 inches per minute.
4. The method of claim 3 in which the laser is a CO; continuous laser.

5. The method of claim 1 wherein the superalloy substrate surface of an airfoil of a

turbine engine blade in which:
the damaged substrate surface is removed; and,

the method is repeated to provide a plurality of superimposed weld beads

bonded one to another.
6. The method of claim 5 in which:

the gamma prime content of the substrate surface is in the range of about 40 -

75 volume %, and,

the relative movement is in the range of about 1 - 25 inches per minute.
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