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 - 7 91 qf whi.ch are
nor e fieTall, iclegesisagosure 1 very high temperatures un er ‘stréhuous condition of

environment and 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).



in US. Patent 5.,173,255 - Ross -et al. (Patented Decenber 22, 1992). 1 12
Cct ober 2005 Certain current fusion type repair, such as wel ding, of
defects in turbine engine articles nade froma high gamd2gdaober 260ft ent Ni
base superalloy, either resulting frommanufacture or from exposure to
operating conditions, can result in cracking of the article. H gh ganma
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 Cdraekiddgrens fnkidal Wpeetdpauedutle e weldnfRiof deFadts dnof
such cracking. As a result, current_ welding nmethods to repair an article,
for ex ar*‘rﬁlrbéﬂea CRYRR aﬁtﬂcleﬁaﬁﬁgéc}‘rqm;ﬂ bighagyBmat iiRe ﬁ@nt@ﬁgﬂ\hé)atsﬁ sBPalley. ade

airfoil nager fgsuﬁmgrﬁ"&ﬂ n%[ﬁ@%tlﬂre'&efr&ﬁ %&F%llﬁg%%gﬁ‘gﬁ%ﬁé LONaiti&RAULE Eule

preheating of the article to a relative ‘ ature, typlca1y
above abouterackégprof ﬁmﬁrhcider@ gampaghime eopematgiNe bdse sumraali@lyd iangyweltlo
avoid cr g reheatj rreth rior tofus N repair, such as using a
Macer . haTeBoe, P SR {s0hicRR e Bo® piiinidihg PERRnG o R ety "0
5, 900, 17Gvaddhebt Gddintnd (PWYHI’)C IStraid hge @facking A \ﬂrﬁileqabel@éveﬁletm teeuthe TRdih

Tungsten lnert .Gag (TI.G or automated | aser . wel d] met hod general Ly has
been usedahds of S él’ab‘ﬂ%*gdAa& TG, fatireat pyeutiag esihods iSctepa ah arBeéevl@rr

known nethaeggld Hwky bﬂgarﬁagaq\ﬁs bf‘g 15@& lu%u;e%n\gﬁiecthﬂgne maue atffgil nls@BReRat ure
mai nt ai ned during wel di omthe déficiency that precise

t enper at d¥gh gemERd prigte aorﬁténfaﬂlvbasy #En, oRdBiness prefceling of e arficksi ffe8i |l tip

must  be r@ﬁtIOélgEg%ﬂ dk&n&&&ﬁf ét%?ﬁ%ﬂ&egﬁow%oﬁte?%@, g%ngtyplg,‘ﬂ%%'a@ gagi tion,

such a repalr I's re ow, as we cause it
requires taqpm]atwcntduamg weldimgf do dumd icrgkirigd Iaahhalﬁngdha@lodwpidag toefugiong at

i ol o SO ORORES R BB Kb bEr S Bbrd S phebl o LU Pha O8RS 21 ng
envi ronn@ﬁerdgrahmg qooeiTOant 791 4\e4 9 Wepéah! Jrakt dthe preheatl ng tenperature,
and cooling fromthe preheating tenperature after wel ding.

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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BRI EF SUMVARY OF THE | NVENTI ON According to one aspect of the present

i nvention, there is provided a |laser repair nethod for repairing a N base
superal | oy substrate surface having a gamma prine cont enfl2@ctaber P#kst
about 30 -vol une % conprising the steps of. providing and maintaining the
substrate surface at anbient tenperature; providing a |laser with a | aser
beam that operates at |least in a power range of about 50 - 10000 watts per
square centineter; 2 12 Cctober 2005 disposing the [aser in juxtaposition

with the subside %@Ia%éfﬁfl%ﬁapc;s%ﬂ%xﬁgthta @ﬁbsﬁ%&%ﬁrﬁ@@%&fm thO RlsBlbaMEy af rom

t he substrate surface t0o provide a |laser spot on t'he substrate surface in
the si zepaisiryeydfonateusubarad3surfade BY propide ailakien spat oneheatubvieatasuwdrre i theet ween
i nteraction ti me of

t he substrate surf | aser ot I‘OVI de a
no great ef2% FgRe 2b6h 9uf1@593e5§ndgmaell érreiaﬂé{ II%%Vé?FWBEgﬁ‘iW&ﬁH PSSR r at e
surface WhrfaBe GRNGHY [RBE EﬁotocBeﬁr@hHQ Gt R?eradtl%ﬁqlfmp‘%ﬁrﬁd Pre%ﬁf*‘ RVt apge and

concurrently depositing a repair alloy powder 1n the aser beamto nelt
and fuse seh@ldscbpavaenaﬂld leyerpomdend itht substrate biréave vapki qonalrremylyaxpdradepﬁsi t

t he m)lt alr on the substrate surface; and, lin | ten
repai r g ip ot PHECEAREE a0 GatePRL drRRpie SAmE ABHID D B o

| aser reﬁﬂkefr bRk A fhel (OmarBRAME kil go%éﬁn?dlﬁ)ﬁ{(ﬁ%eh WpaSURRY Rl Fepdi@Vi NQ

gama prime content of at |east "about conduct ed at arrbl ent or
room t enpibe analies repdit hldapt on hlee sibsirat sorfacee addf awlipgdhe atoltey refmir allgui ng
the interact.i.on t %etween the substrate and a nolten repair alloy to
avoi d craRfRY‘ﬂ‘@aB‘fe‘feeél substrate during weld repair. The nethod may conprise
providing and maintaining a substrate surface at anbient tenperature in

j uxtaposition wi t h Ehel x8@iple dnleidirRRRs pfovslel Alatdi e P@VREthb@ RS epdiriaPamNi S0 -
10000 watts per uare centinmeter. The beamof the |aser may be ocused at

a poi nt ARG SFI?% Phiubstraies hayiag augamBe primeosantented at deast eyt wal. %
def Ocusecbonﬁﬁclﬁﬂ %Y bﬁlﬂ’)uﬁ'& otrf}SoéMQ E:'é?gt@res Wifidefuf Llls%s&f or3RRMH fbp?reﬁgheﬁ i ze

range of about its equivalent. The
i ncl ude, by reducmg the 1nteract10n t1me between the substrate and a molten repair alloy to

avoid cracking of the substrate during weld repair. The method may comprise providing
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.



in such conbi nation, relative novenent between the substrate surface and
the laser to provide an interaction tinme of no greater than about 10
seconds between the | aser beam and the substrate surfacel2Ostabee2@®danpl e
enbodi nent, the rate in the range of about 1 - 100 inches per mnute.
Concurrently rather than subsequently, a powdered repair material my be
deposited into the |aser beam in one format a feed rate in the range of
about 0.4 - 15 grans per minute, into the | aser spot on the substrate
surface. At this conmbination of |aser density, relative novenent rate and
concurrent repair powler delivery, the |l aser beammay nelt and fuse the
powder into a nolten repair nmaterial at a relatively lowinteraction tineg,
one for mBRIEHPERCRYTKNIQF THE PBRAJEINGf about -0.01 - 10 seconds between
the | aser beam and the substrate. Thi s combi nati on nmay avoid cracking of a
substrate highly s i1bl; I t ggbf t
tenperature. The nggg&%gl pl)$e Ce)dzi"fi zﬂe subgmegtﬁlg9be e(lg‘ged}han Efrilll r(lz)gf

wel di ng tappasihys p@cabmlglamadmbbdmlemﬂothemresenmm&nthF DESCRI PTI ON OF THE
DRAWNG Figure 1 is a diagrammti c, fragrrentary vi ew of one form of

apparat us practicinggn snhodi gEnl,ahadlerpLEsaal VAN Bmfl GYhe & 1 2
di agranmati c, fragrre ry Vi ew 0 m% er appara us practicing an
enbodi merdppefatisheagicdse m cinbudinienoaf thB@T@dehEﬁva‘Bﬁﬁﬂ?l PTI ON OF THE | NVENTI ON
The present invention, in one enbodi ment, provides a nethod for weld
repairin ' i ' engi ne bl ade airfoil made of a
Ni base%%%i%ﬁ%@gﬁﬁ%o§98§wzymem of at |east about 30 vol.
% and generally in the range of about 40 - 75 vol. % At such a gamma
prine anmount, the EigeraabhOnwulish) &l @nleSe@bodigndnd, pradkésng méthodpfrr ed at

an anbi ent tenperatur 3a
weld rggalrmg, w?thout preheating, a gas turbine engine blade airfoil made of a Ni

D

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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12 Cctober 2005 Therefore, certain prior methods have used preheating and
heating during repair welding to avoid such cracking. The nethod of the
present invention is particularly useful for repairing an2&lctdber 2005adi al | y
outer tip, known to be nore subject to cracking during fusion type repair.
One exanple of a known repair nethod is described in the above identified
Marcin, Jr et al patent. In that nethod, although the power density is

rel ativel yThea¥ford, heeriaitf ®53f t i i s hi the powder is. added
to a melt -pool al ready%ggﬁedﬁéa}?%(& gﬁve{ gg@gat@ggtg eaél% 3@% %’“Pﬁerelpéger .
beam Cr ack¥liding to aoikyed crackige Fhe mahdddf teqreenhigenion & patit@anyi me of

the | aser \Ww he substrate durj. initial deposition or during renelting
of the ini%ﬁﬁ 1o ISpaTNE ag Olﬂrﬁ‘?gﬁy ?WP’e‘r‘%ﬁ’ﬂO&W totherraotesupjest faderatkingl | ow
t he substr‘cﬁﬁ-ﬁgtmsiaﬁwlﬁ\i@pg}}'gher tenperature which is alleged to lead to

| ower solidification stresses and reduction in cracking. The present

I nvention elimnates cracking through the conbination of |ower power

density and | ower trafnesexaspdeds awkidven rapiaitt mbthiod gs Idebaibicd hythk QGiNove
10 seconds. Through this

I nteracti ey in.the range of apout 0.01 - ht
conbi nat i 8%nt1t§er ediced jarh‘?éta%}i e P‘h&%dﬁ%&?% dlthongh dhe epaver glansity i epai r
pr ocessi ngelagvélyrilow} tHeGintdifetiod ARRE JroQNs Mokt 1S R9,8nd
after solidification, there%e reduci rtl% tsheg %%gg%ﬁééﬁggaggﬁéi?%ﬁapw

mai nt ai ni ROl kedy eergsated onte sibstrile surfbes bathe laseabietin.i Qnadkigaizralleped e
preci pi t ajg kS | negar, the fusian zo in the substrate, ductility
of the su pd§ ??g'zlgmﬁéég%a%ﬁ%ttgﬁun%lﬂ 3“%‘&8“%&8}%?' I3558 Wit theapubsiptendm@ng i n t he
subst r at eiritGalndepositipachr EirlresrARIREE0F RS RN ddBoBl SRAABEND! irliSer -
sol i di fyialgam)l ten, material and expanding substrate material ther eTore are
reduced, JE PHYS raligyy the whsiratedp wichigve higher tedapostitteedthichpiaiatlegdd oy i s
necessar Yo 18N8 e XA l.r nethod is described in the
above identified Ever{eat?%&[%%%esﬁ?gggﬁg? Peﬁie%ﬁﬁ%%mpﬁ% ¥es reduction in strain
age cracking by rapidly solidifying the deposit in order to reduce

preci pi tati on ofhgaresentgniersionreliminates cracking through the combination of lower

power density 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, ¢liminating ‘the
generation of thermal stresses during and after solidification, thereby reducing the
propensity for cracking. By maintaining 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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deposits of superalloys including high gamma prinme. The present invention
reduces cracking with a |lower rather than higher cooling rate in
conbination with a lower rise in substrate tenperature a32®ctabsuld05of
selection of |lower traverse speeds and | ower power density for a selected
powder feed rate. 12 Cctober 2005 Through a conbi nation of controlled |aser
density and relative novenent between the |aser and the substrate surface
being repaired, the present invention provides a |low interaction tine

bet ween the |aser and Throughstcoatbinationavb contraitedc kisag defisityh and ubkitivat e

during wel dj at ;anbient tenperature. .-The nethod of the resent invention
enabl gs I ég(lé‘?eg?eé%ableﬁpml t&i‘F nlasr%far@ gﬁp@’rbﬂr?tﬁ)ﬁufgﬁ? @&g%fwaggd,g eselit i me

Wi thout i rivesiion Soaidssa ki iierabBbRliRARGcen e 1148 thd FRYubstERL B At Can be
selected froma variety of alloys substantially the sane as or different
fromthe cEgkiie of Ge snbsipte dwingwellinpat gvbiantiegivegaaea Tiid nethokdl afthe
However, i . exanple..the repalr Lo owder s. a, hi.gh gamma prinme N
base repaip?esgqu%ly?ﬁo%‘?nghlga q@ﬁf’f ﬁg ewgllﬁlﬂﬁ ?-fgf’f E“%?F"Iﬂ%’ ﬁnﬁl‘{dﬁg‘i h!gg &%&gga

subst ant i phihye tRBoaERBuAS: efack® ARALE Rheld rdfat Tﬁtevdeicg%gﬁ eRhl 8 DL base

X

superal l oy of the substrate. . The tepair powder, for anple 1n the size
range of &dleeted -fggnta varigysofrelieys substantiely db¢ ismmeess at differehie fipnefiee abl v

inthe ra t._ 0.4 - /mn.into the .laser beamtoward the
o cressaflle BROH ok fecd hdr B digh o uinh o o oW vEG | Bt
conmer ci akxamleailealehsir po WeaO@hs at RicR GRIME N BAdeYrep¥RiAIRD! ©
nozzle, typically.w '?h thbéﬁﬁ%cl)p of arlaasgi sti ng_an'obl emgrgéi%nr-e g‘?déln? hg gas.
The powdematchest Wity thg substigfecallay inghat it wap substanbiallp dhe Sameas obemnpiiblsi t ed

as a nolt EPRioh ' Lhfoll- tip . substrate surface using a
C32 | aser -beamt atg&ﬂa?r?@lel\g@ﬁ%%%@tauto 0561&%5%@&#?‘5@6 typically generally
about the powder stream The repair powder can be delivered co-axially
with the | aser bearepais pomider, der efdmpx is thefsinmahfieof hiragr-8baam 32¥omeither
heating of. the .s bst([ate I S ust i.n.the Prese t met hod before or
size, 15 delivered at 4 rate preferably in the range of about 0.4 — 15 g/min, into the
laser beam toward the airfoil tip. This has been accomplished, in oné-embodiment,
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 beam 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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during repair. Therefore, due to reduced, |aser power density heating of

the substrate is reduced bel ow an anpbunt that can devel op detrinental
strain in the repair material after cooling, thus to avoildCetdbee2i(Snt
cracking at the area of repair. A main factor responsible for cracking in
hi gh gamma prine Ni base superalloys has been established in the art to be
strain age cracking. Excessive heat input during a welding repair
operation in conbination. with geonmetric constraints on a relatively narrow
subst r at e, creckdng.aFonexaiplé,ciommernial kampotd seatbilal édudpmehicthds beeh asdd G411 i ng

or after wel dLn . As a result of practice of the present invention, :
mul tiple | RPEPS PEicessIng prrampters and . substsats mesitioning. Haashissern degitedi weldl
successf ul hidag bhehSHpshLat | t : r ' For exanpl e,. conmgr ci al
conput er cont?g)I l'ed equi pner??rfﬁ%gs' Eg!éﬁlrdb@e@ t?gl&%gfﬁ Wantb?%gE%gf’WQaq‘Tge
par anet er snagd cehigravblepssixperiericnd duting andoe uRertregsis wetdinpakidg Kiindup on
the substrate surface. ﬁ\ccordi ng to the present invention, the mcro and

macro cr adBP RSB SHVEIHEdhh sPRtE ahens rinpg aindeovurtece @of weldalepaine| Sikihg
usi Nng kKnovgantréir RCEIRRJI [ » - of. he Lnput at .the,surface
of weld repair. Such gotﬁ{(%glﬂ %;ﬁgp%vﬁoﬁgbﬁh}@ﬁaﬁ (?eﬁa%%rt'ﬁj%‘ﬁeroflasﬁr beam
conbi nat i dpcusfawaysempibwenbsttais surfineam prboites ssledted sFUD diReramghSpERIE
range, powder feed rate and

f i d ol d S
Col acive el RS fiavemeal Bepees D ibraste Sariecasnd adeer s Thehe
el ati oVt X 1 SRR he
rise in thie it @BREMPEMIRe OF tHNGbSHRS HhAhe %&Hﬂ%?ﬁ%&@dﬁ%ﬁ?&@%&hi?@ vg o0 S

controll ed by proper selection of these para resent
will be nBFaper salegiionnfdhese patinipgersef erence to the figures of the draw ng
as two diagrammatic fragnentary views of comrercially used apparatus

practicing formsppg nt nyention. dn the Figures |_and 2 of the
drawi ng, a et al a% £ F%?%tp{ng%g%o%m'\fi r agMeRY JP#TY 9’“@8‘}%@%§| §1§/ gferenge tpthehe '
form of afiguras of diel drafviig exarpliagammitid ftbpmehtady gﬁﬁstdfr&h{]ﬁm%ﬁggqg Jur bi ne
bl ade, onge enbodi nent. otI which I's described in U S Patent 5,45 ,481 - Lee
et al .- (p%P pggcticing fomgyof the: mresemf inventiomc lndbe Figures Af wid 2 tafithe

sur f acel 2d@igs, SURSt] 3frfcls Yk fsﬁ&%naﬁaémélﬁﬁil‘f}eé&efaqwg 10, in the form of an
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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I s being conducted. A commercial |aser (not shown) is disposed in
juxtaposition with surface 12 and operated in the power range of about 50
- 10000 watts per square centinmeter. Wth airfoil 10 and i2i(rtsher PO 12
mai nt ai ned at anbi ent tenperature, |aser beam 14 fromthe laser is focused
by a lens 16 at a focal point 18 away from surface 12. This defocused
beam provides on surface 12 a |aser 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
poi nt 18 Ipeiuler sarbagé byZotonerpiabpooder feader Xpmid Ppressurisedbadblateas §achace
12. In Figure 2 aser, beam 14 i ocused atf a focal point 18 above

sur f ace 1%319638?}) oreEh B%”gﬁlers‘]i%?ls Bﬁoiﬁfﬁ’éb?%é“l‘?@ lasemsnah 20; j Rawdss o
repair al boyis pewdar ' ' ' t I ' -of f.- axi s
in Figure %mgnd cg-aéléffg:ﬂ?jy%ﬂds%%%?%%%Eg%gﬁmgla}ég;ﬁ%g%%?aggﬂ%nge%osi ted
in | aser isedagell? mlaserispeel0. sRabtiPOnmivemenploaatecn fasachenmt B amt dubface apge of
about 0.4.- 15 .g/m n., Powd 215 proyvided froma .. 6 12 COctober 2005
‘powder solft &Y e(g‘ya"éioﬁﬂ’éﬁr ﬁ 4 eFm¥% tZBfm deawing SRy r¢opmersill e gas

(such asniv@AsAl tcBheymk 1087 Fa}?%g T By eht | fper
spot 20. Powder 22 is nelted and ?uge ?/l%lgerr E%G%Pe?irggn%aggp%tsiﬁd as a
mol t en r epssoeiateask with ahd earryisgeftide 182 in | aser spot 20. Rel ative novenent
bet ween | aser beam 14 and surface 12 is provided and controlled in the

enbodi ment of the drawi ng by.co rci al nerical cantrolled rat us,
di agr émmat ically repi’imgg‘%f%%lfgce%g&‘éﬁao? Ogttﬂgﬁf"s‘l’rﬁé’é‘@é'fgﬁ’i‘ Wi‘gﬁ’%gfg‘giﬁﬁélrjfyi ng
article lbutet fipQitefa8e Poktidit of alddduitife ehginb i %_&%&heitﬁl\b% bRAe Arfdamaged

radially outer tip surface portion of a gas turbine engine high pressure
t ur bi ne” biade ohithe abpve idgnified Rene” AN base supéiaboy Ravieg alganiia prime A
super al | oy, hawi; _ ' —egntend, in the.range qf about 60'.-.70 vol.
% was. r%bpal ré@%ﬁ%&%%&%‘g@ fgranﬁ}og‘f A’t RS 1§ raérggﬁf quﬁ\%?} iaoti?m“l‘?feth?epai r
powder usmdsent ihversioax alhd eepadrspewiRanasedlithizhdd éimple was a Rene’ 142 alloy

powder in the size range of about -80 - 4325 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




powder in the size range of about -80 - +325 nmesh. The airfoil tip, ground
to a selected dinension to renove damaged material, was cl eaned and then
was repair welded using a conbination of process paranet @2 aotahetr 2003 ed to
reduce heat input to the tip portion. The airfoil tip was carried by
apparatus controlled with a commercial nunmerical controlled programfor
rel ati ve novenent, in the range of about 1 - 25 inches per mnute, in
juxtaposition with a commercial Rofin Sinar CO2l aser operated in the power
range of abeeries® 3--6 VoIS wedé bisperihiiRdstREYrobRIR Thd ARl BRI BERA ueAfLPCUS
away fromttfﬁi surface portion to Prow de 'on the radially outer Surface a -
| aser spotV§'Hing: te Weldy &ert begs digated .dmal ngchivei e Mesign niimiendienss blanded educe

the over al gROMED; ' r .uni.t. agrea). During such relative
novenent tltjér’l der t hlelg;g%zéd tr(%ﬁa{ulé&(; %\é&efi %ﬁ T 6%‘?3 b3 %&?SCS%S&&@BB% ipgpgction

subst ant i ahd x-repfoethierfresthtey of cratke Nasesf @@ﬂjﬁcﬁbﬁﬁﬁiltdéﬁwcid@%ﬁéwé@%y by a
conmmer ci al I\/Eltﬂ‘g:? 6MP Dual Powder Feed System and a GE: Funac - 15NA ' :
cont rol | eFRRCFHRAIEANS, at e of the repair powder was in the range of about
0.4 - 15 g/mn. assisted and covered by a shielding gas of Argon flow ng

at the rate of apQUiclaRR § ' Cper. monute.  This conpbi nation,
sel ected according to & fé?‘?%?%‘ %ﬁ%g%eﬁ%tsneﬁ]t% I?%é\ftrabr?ﬁnoﬁtf s élf‘rg%e&’emg

cont rol | etepaired Heanaintgingd trelativady slonf a6 easpey tavoid Bglid Loolifpadaieddufigguci ng
| d without the

stresses |n.the substrate and avQiding cracks in the we i

requir erre?ﬁjl(%acaé‘toﬂ t ‘?reé’ﬂ’&i"i‘?tﬁrhajl %’i’é’éﬁ%@fintﬁ‘l@%mﬁ%&m bigher tyaeeres
during wedfdedghave’b ; i . re -

superi nposed toav[? r O%e?ld\gé%l ﬁgﬁ%teéﬁgggém‘gﬁf hgﬁla\%(gj ﬂgag _geg?%ﬁgér g?c\ﬁggﬁ? ﬁ'é?ssf%e

wel ds werduringser aftes avadding. flhpgircssachohedhtexcemiiegesicstns rautied bt oeled to

the airfal | eaned .ched and i nspected fl uorescent penetrant
i nspect i odﬁgcgﬁ%lggq?lg %%Pg?’f?zélﬂg EE&%&% dyin Pﬁg%‘?lgﬁsﬁé@?ﬁlnﬁﬁ@wfﬂwsai rfoil
tip wel dsOshprirepalnydvasiiags lofippsliticatof GRS gre_IQ& inftdidnVin dVoRYiRh She RP&ER
bet ween the | aser beam and the surface being ]
preheat and maintain such heat of the substrate for welding is the elimination of
associjated equipment and accessories needed for such operations. A result 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.



repaired is maintained relatively low so as to avoid rapid cooling rates
during solidification of the repair material. Prior nethods in which
relatively higher traverse speeds have been used result il12 Outaplee200500l i ng
rates that generate excessive stresses during. or after welding. The
presence of such excessive stresses has resulted in weld cracking not only
during wel ding but also during post weld heat tr eatnent operations. One
princi pal advantage of practice of the present invention in avoiding the
need to preheat and maintain such heAiMs the substrate for welding is the
elimnation of associated equi pnent and accessories needed for such
operations. A result of practice_ of the present invention is a relatively
thin wel d beadl-phdfsar aepait methqdy forf sepaipingya Ni dyse suparaley sebstatc 8yicgg

et K e S R s

speci fic &anpl es and conbi nati ons. However, it should be understood that
they are intended to be typical of rather than in any way limting on the
scope of the |nvent|on Those skilled in the various arts associated with

this inventi diowdme adsareianas hesubsirate Subfacea anbient ismpeifBs and

nodi fications without departing fromthe scope of the appended clainms. 8

12 Cctober 2005, Mp lé!ser %v:ﬁf?‘& $Asck BRAh rthﬂm?@aﬂ}&)ﬂei 9 1da8PA 4 hBFelrdige RASE

superal | oy substrate surface having a ga prinme content of at [east
about 30 abouitif@- WHMhwaitspergqrire cehimpster;of provi di ng and nai ntai ni ng t he
substrate surface at anbi ent tenperature; providing a laser with a |aser

beam t hat oper t es. at ast in a e of ut 50 - 10000 watts per
Squar e cent | mebapsing s B8 i uoRREE AT SR SHn i th the subst rate
surface; focusing the |aser beamat a point away fromthe substrate surface
to provide a 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 %;



| aser spot on the substrate surface in the size range of about 0.03 - 0.2";
providing a relative novenent between the substrate surface and the |aser
spot to provide an interaction tine of no greater than abd@ictderge@onds
bet ween the | aser beam and the substrate surface while concurrently
operating the | aser beamin the power range and concurrently depositing a
repair alloy powder in the |aser beamto nelt and fuse the repair all oy
powder into a nolten repair alloy and deposit the nolten repair alloy on
the substrate @%yripse; alRFdpow@e! isng NN SadDkiygRiallosPdatchad |wiyh e MNioBasde a
wel d bead. 2. The net hod o? claiml in which: the relative novenment between
t he substyieelleypybstrategntfaeshe | aser spot is in the range of about | - 100
i nches per mnute; and, the powder feed rate is in the range of about 0.4 -
15 grans per 1. ch: - g&@m prime
content of thga e@ﬂ%‘ﬁ%motthm J;agltgpg)gwggrl ﬁgegl%@nb ngPM‘g%@hzgﬁg%s,_ 5 volune
% 9 12 Cctober 2005 the repair alloy powder is a Ni base superall oy

mat ched wi t h tthe rdihtivzanevensdnp ériakheayngudfziboat B2S irchecesr ndmgesi ti on of the
repair alloy pomder is assisted by a non-oxidizing gas; and the relative
nmovenment is in f .about i.nches m nute. 4. The met hod of
claim3 in whit "%F%{g‘éf claig %md’% ég’r‘ftlﬁﬁbﬁ}’sgﬁégwm‘l@“ $%& et hod of
claiml wherein the superalloy substrate surface of an airfoil of a

turbine engi nes bhadRerhd Y5 1 wm%reﬂﬁmegﬁae@%aﬁédbé&ﬁe Sitdcaeeah arfoﬂmed
and, the nethod is repeated to provide a plurality of superinposed weld

beads boudent anging Wadmiothiech:
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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6. The nethod of claim5 in which: the gama prinme content of the substrate
surface is in the range of about 40 - 75 volune % and, the relative
novenent i$ in the range of about 1 - 25 inches per m nuté2 Ocktber ROBER
REPAI R METHOD FOR NI CKEL BASE SUPERALLOYS W TH HI GH GAMVA PRI ME CONTENT
ABSTRACT A | aser repair nethod for. a high gamma prine content Ni base
superal l oy substrate surface (12), wth ganma prine content in the range

of at | east b‘_;'hgg]? vol une %. conducts the repair at anbient tenperature
Wit hout pretfeat AR MEHHPDF QRANGKEe BASH SHRERALL QYA WET HiHiGH

processi ng paraneters to avoi Ki f sulting weld bead during
and after welding. The | aser %eam%igmp%?mﬁgei n a power range of
about 50'- 10000 watts per centineter, is focused (18) away fromthe
substrate su-rfaceig12) to provide a laser spot (20) in the size range of

about 0. 0AABSBRACT A rel ative novenent (30) between the substrate surface
(12) and the | aser beam (14), for exanple at a rate in the range of about

1 - 100 inches m nut.e, provides..an.interaction tine_of no greater than
about 10 second‘gq%isé:‘f eRHT P}‘thqdaé’éra E‘égzhﬂ%‘?ﬁ‘)a PTHRE CPﬂ@n‘s_Iiksltﬁsa_tS@g%faﬂbﬁce
(12). Coneutisnant butfuce (1293ith Buhtte PAHRSonihln pa?xgg%f.ta‘?qeaslt Wphlleag aser

h r all er ) 2 oY %

beam (14) to melot and fuse the repa oy po into
-repair abplpmeefesicondnctn thaepainbast pmbiens ueiperatugd 2yithéitg prebedting the

substrate surface (12) and by controllihg processing parameters to avoid cracking of

the resulting weld bead during and after welding. The laser beam (14), operating in a -
power range of about 50 — 10000 watts per centimeter, is focused (18) away froﬁl the
substrate surface (12) to provide a laser spot (20) in the size range of about 0.03 —
0.2". A relative movement (30) between the substrate surface (12) and the laser beam
(14), for example at a rate in the range of about 1 — 100 inches per minute, provides
an interaction time of no greater than about 10 seconds between the léser beam (14)
and the substrate surface (12). Concurrently, a repair alfoy powder (22) is deposited
in the laser beam (14) to melt and fuse the repair alloy powder (22) into a molten
~‘repair ally deposited on the substrate surface (12).

Figure 1.
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