WO 2006/113736 PCT/US2006/014545 METHOD OF WELDING A
GAMMA-PRIME PRECIPITATE STRENGTHENED MATERIAL Field of

Wthgolﬂr%\//eg%is%n [0001] The present invention relates generally toTa rs%gr&%gm_
3¢ Wellallng a component formed of,a gamma-prime precipiFa(Ei :

strengthened alloy. More specifically in one form the present application
relates to a method of welding a gamma- prime precipitation strengthened
alloy component wherein the weld is free of cracks. While the present
application was developed for welding gas turbine engine components, it

METSIOTRS BPECAS NGB AN P RIMBEPRE CIPTATY STRENGIHENED
technology. Background of the Invention [0062] Modem gas turbine

engines operate at high rotatigh&rgpaads and high temperatures for
increased performance and efficiency. Therefore the materials from which
gas turbine engine components are fabricated must be able to withstand

the severe operating envispnBee [RRMMany gas turbine engine
components are manufactured from high strength superalloys which are

[0001] specifically deyelapeshonbighiterniperatuseaneifiah astiessapRiioatiangg -

Often these superalloys are designed to be principally strengthened

comporBRYghnEent oieshheatireapnaiiinaeess-uiiohcprmiates More
gamma-prime precipitates. WO 2006/113736 PCT/uS2006/014595

specifically in one form the present application relates {o a method of welding a gamme-
prime precipitation strengthened ailoy component wherein the weld is free of cracks.
While the present application was developed for welding gas turbine engine

components, it atso has application in welding components from many other areas of

technology.

Background of the Invention

[0002] Maodern gas turbine engines operate at high rotationa! speeds and
high temperatures for increased performance and efficiency. Therefore the mate_riais
from which gas turbine engine components are fabricated must be able to withstand the
savere operating environment.

[0003] Many gas turbine engine components are manufactured from high
strength superalioys which are specifically developed for high temperaturs and high
stress appiicaﬁons. Often thése superalioys are designed o be principally strengthened

through a controlied heat treatment process which produces gamma-prime precipitates.



2 This precipitation strengthening phenomena and the associated

changes that occur upon aging makes welding of components formed of

these sugeralloys very difficult. [0004] The present application provides
WL AAE fnobvious methods for welding gamma-prime prBEﬂBﬁ?&ﬁ%ﬁﬁ’“m%

strengthened alloy components. WO 2006/113736 PCTfUS2006/014595

3 Summary of the invention [0005] An aspect of the present invention
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e aging temperature o alloy, the portion including a ea,

100043 Welding at leggta-porlion i Hhe eld AGARIRE 1B HEANIHARIOMERSds for

weld deposit; and, cooling the article to form a weld that is free of

weid in@@@%ﬁ@ﬁ?&@%@%tﬁ%@&@%@éﬁw ebthisoREREENt invention
provides a method for welding a gamma-prime precipitation strengthened
alloy component, comprising: ‘heating only a portion of the component to
a temperature below the stress relief temperature for the gamma-prime
precipitation strengthened alloy, the portion including a weld area and a
substrate portion located below the weld area, the heating expanding the
substrate portion; welding at least a portion of the weld area after the
heating to produce a weld deposit; and cooling the weld area, wherein the
difference in contraction



between the weld deposit and the substrate portion does not cause
solidification cracking. [0007] Yet another aspect of the present invention

Wpidus7asmethod for welding an article formed of a gammariteze06/614593
precipitation strengthened alloy, cdmprising: preparing a weld area in the
article; dynamically heating only a portion of the article to a preheat
temperature within a range from about 600 F to and including the aging
temperature of the alloy, the portion including the weld area; welding upon
the WO 2006/113736 PCTIUS2006/014595 4 weld area after the heating
to produce a weld deposit; solidifying the weld deposit to form a weld that
is uncompromised by SbfafiaEY & BreaMENEIRN heat treating the article
after the solidifying, the weld after the heat treating is uncompromised by
strain age cracking. [0008] These and other aspects of the present

[pops] invention will pegRmeMAE r@@aarﬁvrgrrﬁgm%%{@ém sgpption of the
illustrative embodiment. WO 2006/113736 /U82006/014595 Brief

weldingResaripiieofehéieoDeaydnend 80Nt biadijstateer speeiiteariew afgne

embodiment of an illustrative gas turbine engine blade. [0010] Fig! 2 is a

comprisi %@A?Hg &Wﬁ%&@f&r@&%@ ﬂﬁ@r&'m IS EPRAAIMRRIOS rahWahiRGbout
apparatus
800° F 1o and including the aping temperature of the alioy, the portion including a weld

area; welding at least a porfion of the weid area after the heating to produce a2 weld
deposit; and, cooling the ariicie fo form a weid that is free of solidification cracking.
[0006] Another aspect of the present invention provides a method for

welding a gamma-prime precipitation strengthened alioy component, comprising:
heating oniy a portion of the éomponani to a temperature below the siress relief
temperature for the gamma-prime pracipitation strengthened alioy, the portion including
a weld area and a supstrate portion located below the weld area, the heating expanding
the substrate portion; weiding at ieast a portion of the weld area after the heating to
produce a weld deposit; and cooiing the weld arsa, wherein the difference in coniraction
between the weld deposit and the substrate portion does not cause solidification
cracking.

[DDW}  Yetanother aspect of the present invention provides a method

for welding an article formed of a gamma-prime precipitation strengthened alioy,
comprising: preparing @ weld area in the arlicle; dynamically heating oniy & portion of
the .ari:icie to a prehsat temperature within & range from about 800° F to and including

the aging tempsrature of the alioy, the portion including the weld area; welding upon the



[0011] Fig. 3 is an enlarged view of a portion of a component having a
defect. [0012] Fig. 4 is an enlarged illustrative view of the portion of the
WeakapakEM in Fig. 3 after a machining operation. [0013] FigP&TaIX066/614595
illustrative view of the component iff Fig. 4 after being pre-heated and
welded. [0014] Fig. 6 is an illustrative view of the component in Fig.5 after
the weld has solidified and the substrate has cooled. [0015] Fig. 7 is an
weld arggsitatite prativeie cracdieriaweshr gpodic] sulidibiscthoweldidgrosit o
: ilustrating one form of a welding process of the present application. WCs
form a welgghat 3y serptpronsisssery BRidiicati erptishtBmé heatisesting the
) Embodiments [0017] For the purposes of promoting an understanding of
article afiter fimspiitilyive (e Rin Rt e matb ipmiinsiansriprrasmised by strain
embodiment illustrated in the drawings and specific language will be used
'H8scribe the same. It will nevertheless be understood that no limitation
of the scope of the invention is thereby intended, such alterations and
[8008] 1, ther moditiestiarbdthenestisstrofidit devion;, mmensioohwilirtrenme more

DT A 0 T RO GE A SNBRETR art (0 which

the invention relates.

age cra




[0018] With reference to Fig. 1, there is illustrated a non-limiting view of a
component or article 10, in one form, the component or article 10 is a gas
W%Jrzgir&% %r%gine component, such as a turbi‘ng‘blade.. The pg)e(?Ie[BEZUOG/DM?_‘)S
application contemplates a very brqad definition for the terms’componen
or article and is not limited to gas turbine components unless specifically
stated. The illustrative embodiment will be described with reference to a
gas turbine engine blade; however it should be understood by one of
ordinary skill in the art that the present application is not limited to gas
turbine engine cognanants, [0919] 5T KyERRAGE! o article 10 can be,
but is not limited to, a fabricated structure, a cast Structure and/or a
forged structure. In one form, the component or article 10 is a cast
structure produced by casting operations believed generally known to
[oo0g] those of ordinaryskil indhae astvE Ne:oRst sampanssisfattialad Qiearndes gas
a unitary casting or can be a plurality of cast pieces that are assembled
turbine BX@iHenYYE 2006/113736 PCTIUS2006/014595 7 component or article.
In an alternative embodiment, the component or article 10 is fabricated by
[0010] joining multiple compongrs sgalnetrbiiovaldingeansiairotier assesdblyent of
~ techniques such as, but not limited to, brazing, bi-casting, diffusion
a weldilpaging=tod other mechanical fastening methods known to one of
ordinary skill in the art. [0020] The component or article 10 is formed from
[0011] various typeSiof Biska, ditanieh \ded cdbaostipeeile comppositidaying a
However, other types of alloys and
defect.

[0012] Fig. 4 is an enlarged illustrative view of the portion of the
component in Fig. 3 after a machining operation.”

[00133 Fig. 5 is an iliustrative view of the component in Fig. 4 after being
pre-heaied and weided.

0014} Fig. 6 is an illustrative view of the component in Fig.5 after the weld

has solidified and the substrate has cooled.
[0D15] Fig. 7 is an iliustrative pian view of a weld deposit.

[oC16] Fig. 8 is a block diagram Illustrafing one form of a welding process

of the present application.



superalloys are contemplated herein. In a preferred form, the superalloy
compositions of interest are from a class of materials that utilize
W%%?igime precipitation strengthening. Ggmma—prime pﬁfﬂ%ﬁ%&?ﬂ 14595
strengthened materials are generally recognized as being difficult to weld
and are noted for crack formation associated with the welding and/or post
welding heat treatment processes. The present application contemplates
that the terms weld or welding include cladding, welding and/or direct
laser deposition. Cracking of these types of materials results from two
different soyrces r'[ilfFIJ ar{%?%dgﬁfﬁ}g%a\%% @E]B}S%ﬁ quﬂ 1ma-prime
content of thé aslf%y. Re two different. sources are classiied as
solidification cracking and strain age cracking. Solidification cracking is
generally caused by a combination of hot shortness and/or residual stress

foo17] from solidifieation the §é§8¥,ﬁ&ﬂﬂ8ﬁﬁ§t%x?e§£§@#§€a% 1% haresidualpies of

stress from solidification is a direct resu mal growth or contraction

the snvagk%@r,%?&%ﬁééhﬁm%%@%@é%%ﬂu@fem%@@maﬂmﬂ%@a%m weldirawings

eposit. [0021] Strain age cracking manifests itself during the post weld

and spedgRAsiiahasd tmatied ok ihe gasInGeRAeFHENGthaNae\ e ysicsdhBEein

the alloy has at least 30% by volume gamma-prime content. When the

understSMmMA-REIMeIRIRGINIRIeS shepe i thapiveptionacanirabtiontondedustion
that is due to the increased ordering or atomic WO 2006/113736

slteratidi€atd R20RG/ A1 b staicking idssstatedavitie kg anuhdtptime phase
precipitation, This contraction further increases the residual stress in the
applicattompotienpiindheepoirititeat temiidtinsile: stretesi | évarlein being contemplated as
would normaily occur to one skilled in the art to which the invention relates.
[0018] With reference to Fig. 1, there is iliustrated a non-limiting view of a -
component or article 16, in one form, the component or artiéle 10 Is & gas turbine
engine component, such as & turbine blade.. The present application contemplates &
very broad dgefinition for the terms component or article and is not fimited to gas turbine
components unless specifically stated. The illustrative embodiment will be described
with reference to & gas turbine engine blade; however it should be understood by one of
ordinary skili in the art that the present appiication is not limited o gas turbine engine |
components,
fop19j- - The component or article 10 can be, but is not limited 1o, 2
fabricated structure, a cast structure and/or & forged structure.  In one form, the
component or article 10 is a cast structure produced by casting operations believed

generally known to those of ordinary skiil in the arl. The cast component or article 10

can be, a unitary casting or can be a plurality of cast pieces that are assembled info the



is reached and cracking occurs. The issue is more pronounced in single
crystal alloys because these materials usually contain about 60% to over

0% v e gamma-prime, [0022] One preferred group of g?\mgg - ,r' <
Wéréogll%%%‘t%?\ strengthened materials are nickel based supera oys%tl?éﬁﬁ%%
as, but not limited to, those known by the following trade names: INCO

713, MARM 247, INCO 738, MARM 002, CMSX-3, CMSX- 4 and
CMSX- A Ve, i fi i t
compo i B e P RRE R RIESE. e MARAdar e iR R
. o, low ) . ,
fabricatBPHFIONRE FHRRIRICHBEIRIR, [IEHETLS SRman SRy SliRe A8kl
techniqgggg%%%@ 59 ilqgﬁﬁini‘f’éoofo? SHgIELTYRAl: GARNGHAIOR HOREHS and Gﬁher

regarding general techniques for producing a cast component with eac

mechabiNe:8RAVE MICIOStUCHERS BseRelisvad ggnesallyiknawarOne technique

for producing a cast component is set forth in United States Patent No.

[0020] 5,295,530 taHa'compenvitien itibrorpasaiea kel aiprhydetarengsed Benickel,
present application is not limited to cast structures and when cast

HitaniunrSHyCIeS RigepateMplated shiry ara-rnidinttestier east sisbielitios and
produced by the techniques set forth in United States Patent No.

superalR95:530reOCrnterel8in24h Enprefumpdrientotiarticectalisyilbmtratedtimms
Fig. 1, with a defect 11. In one form of the present application, the defect
of interekt isecfassifiedeas afcradkribloitenioriilittegEeseatiapplqataipitation
contemplates that the defect may take on any of a variety of
strengtheomfigufagons-pclodingebipitatiotimitedgtheond siariztrbis e, oRitaEb?,
recognéggcgsagé?r?é difficult to weld and are noted for crack formation associated with
the welding and/or post welding heat treatment processes. The present application
contemplates that the terms weid or welding inciude cladding, welding and/or direct
laser deposition. Cracking of these types of ma{eriais results from two different sources
that are associated with the overall gamma-prime content of thé alioy. The two different
sources are classified as solidification cracking and strain age cracking. Solidification
cracking is generally caused by & combination of hot shortness and/or residual stress
from solidification. The present appiication recognizes that the residual stress from
solidification is a direct result of thermal growth or con‘fracﬂon differences of the
substrate material of the component and the weld deposit.
[0021] Strain age cracking manifests itself during the post weid deposit
heat treating of the gamma-prime strengthened alloys, wherein the alloy has at least

30% by volume gamma-prime content. When the gamma-prime precipitates there is a

net volume confraction or reduction that is due to the increased ordering or atomic



WO 2006/113736 PCT/U52006/014595 9 abrasion or other types of
surface disturbance. In another form of the present application, the area

W8f?i t {?%pn the component to be welded is in need of a 8’%}%% ing-
R il

there Is not a "defect" such as get forth by feature number 11. The
present application is applicable to welding an area including a defect
and/or welding a layer or layers on a portion of the component in an area

stackingf@iﬁtsgb%@c?@ﬁﬂqmé é'ﬁﬁ[ﬁé%?ﬁf%%t%r@ég?}é@iﬂﬁéﬁ@{e%t@dﬁ@a@t%élﬂef{ﬁ'the{

s illustrated one non-limiting example of a welding system 12 for welding

increasdBeROMBANAN A TiReHIUSIFAtNA de vy Bhthe Welding-systamble 4o dss level

non-limiting example of the type of welding system that can be utilized to

is reacheRtaiythe dasired mield theepaildrfasiblanaimnpeavideagoatingaralioys

cladding thereon, The illustrated welding system 12 includes a laser 13,

becausdnrRReoserribranGalivety At b laxex facusig Optiesldmeagamma-prime.
component fixturing and positioning system 16, a visualization system 17

[0022] for componenidosatiensangriaserpamounookan ¢ reciritaheatitic ohtimber
18. The welding system 12 may also include a powder feed and/or wire

materiafeed: system 26:to sopvaiing adclitisnatvieldirgmbeddrattostanmwitinmy the

_area on the component 10. The operation and coordination of the

followingniskvie uradroesn fYBENTS! T driddRisig theNllifdps)étet 100 ar & dbRiralled MSX-
through a computerized system controller 20. In one form, the welding

4 and ChiBtefil 128inetidesnatiietdiing gaesrsl/ i deaiEn) syedintioigamas de
shielding gas to the pre-heating chamber and enable the pre-

fimited to the above materials and contemplate utilization with aimost any alioy or

superalloy maierial.

[0023] The component or articie 10 may be formed with a microstructure
that is one of equiaxed, dendritic, directionally soiidified, or of a single crystal
configuration. Detalls regarding general technigues for producing a cast component
with sach of the above microstructufes are believed generally known. One technigue
for producing a cast component is set forth in United States Patent No. 5,285,530 to
O’Conner which is incorporated herein by reference. The present application is not
limited to cast structures and when cast structures are contemplated they are not limited
to cast structure produced by the techniques set forth .in United States Patent No.
5,295,530 to O’'Conner.

[0024] The component or article 10 is lllustrated in Fig. 1, with a defect 11.
in one form of the present application, the defect 11 is classified as a crack. However,
the present application contefnpiates that the defect may take on any of & variety of

coniigurations, inciuding but not limited to corrosion, erosion, oxidation, mechanical



heating and/or welding to occur under the shielding gas. One type of
shielding gas commonly used in welding operations is Argon. The

illystrated.welding system 12 is purely illustrative and otheg, ' .
Wé}?ﬁ%’%@%ﬁe contemplated herein. \While the welding systemwfé%%eggmsgs

described in one form with reference to a laser it is WO 2006/113736
PCT/CS2006/014595 10 understood that other welding systems utilizing

abrasidh SFERILPERRL B Juelding, 9as: YAgRIemArGWRIding, S ltinle:

energy sources and combinations thereof are contemplated herein.

applicalfRR Bl Mithyrefereacaiefigs- dmBotaredssel/odbar Hustat s yiew of

a portion of the component or article 10 with the defect 11 that is desired

coatingleiBedepaiednbwelding “huepe frm akthetrmrsepy applicatiaimig 11,
defect 11 is machined to produce a weld area 21; however the present

The prétRplcaling-alse isaemplbtes theldingcarvepiging of the;detrgb il avithout
concern for any pre-welding machining. In one form of the present
weldingg@igationaaesweld aeadidstfermedpoibeidompenent ioaidticlendthii=aly
machining process including, but not limited to grinding, milling, electro
free of déseb@rge machining, hand blending and/or rotary filing. The present
. application will use the term weld area 21 to refer to the area to be
[0025] welded on thitorapmrent o &itick t@whethlestetadvithasbdenting
machined prior to welding. [0027] With reference to Fig. 4, there is
exampidepietedlaindikisttativad fenvshidhy Benfsorenteniatiicld o Ukwdratine view of

weld area 10 has been machined. The weld area 21
the welding system 12 is a non-limiting example of the type of welding system that can

be utilized to obtain the desired weld to repair defect 11 and/or provide a coating or
cladding thereon. The illusiraied weiding system 12 includes z laser 13, an enciosed
beam delivery path 14, laser focusing optics 15, & component fixturing and positioning
systern 18, a visualization sysiem 17 for component location and laser path control and
a pre—heéting chamber 18. The welding svstem 12 may also include a powder feed
and/or wire feed systern 26 for delivering additional welding material fo the welding area
on the component 10. The operation and coordination of the individual components
comprising the welding system 12 are controlled through & computerized system
controller 20. in one l’r’orm, the welding system 12 %noiQdes a shieiding gas fiow delivery
system to deliver the shielding gas to the pre-heating chamber and enabie the pre-
heating and/or welding to occur under the shieiding gas. One iype of shielding gas
commonly used in welding operations is Argon. The illustrated welding system 12 is
purely Hliustrative and other welding systems are comtempiated herein. While the

welding system has been described in one form with reference 1o a laser it is



has a substrate portion 22 located under and/or around the weld area 21.
The substrate portion 22 is a part of the component 10. In repairing the

efect 11 or forming a cladding on at least a portion of the c%m%_onent_ 10
ALUSa0i6/01 3505

W éog?’g%%ﬁf'operation heats the substrate portion 22 around the weld area

21. Preheating of the substrate portion 22 around the weld area 21
causes the substrate portion 22 to expand from its normal ambient state

er EREHR AL TAEC IR el SO oo

strate " portion m its ambien

indi p I ~T(1dS 1014595
e e T I BT 2 e o € Burely
atjug.and is set forth herein to aid the reader in understanding that

contert
the localized pre-heating causes the substrate portion 22 around the weld

[oozgjarea 21 to expandefdignenseidifiied weld denosit 24 s, ImMedeathe view of

weld area 21 and is connected with the substrate portion 22. In the

a portidhustiREv Kisyy sat ErHHIBI&igo vitheneai-adlidifiedveldidspegit?4anthaired

the substrate portion 22 proximate the weld area 21 have not been

by wel@igglethtorthp extenthwhesesanimutiancef the msiarials Rasaseisado
[0029] With reference to Fig. 6, there is an illustrated a sectional view

productepreskntirg hatibesveldtde posi=24 Masisetidiietintometd25tndttie thesct
weld area 21. As set forth in Fig. 6, the weld deposit 24 upon solidifying
weldingnto the tERS andwvitite cuibstraterrpmtiamy22 drsxaldog tneate thingy they weeform of
The resulting weld 25 is uncompromised, and
the present application, the weld area 21 is formed in the component or article 10 by &
machining process inciuding, but not limited to grinding, milling, electro discharge
machining, hand blending and/or rotary filing. The present application will use the term
weld area 21 to refer to the area to be welded on the component or articie 10 whether or
not it has been machined prior to welding.
[0027] With reference io Fig. 4, there is depicted an Hllustrative view of the
component or article 10 where the weld area 10 has been machined. The weld area 21
has a substrate porlion 22 located under and/or around the weld area 21. The
substrate poriion 22 is & part of the component 10. In repairing the defect 11 or forming
a cladding on at least a Ipor“tion of the component 10 the present cperation heats the
substrate portion 22 around the weld area 21. Preheating of the substrate portion 22
around the weld area 21 causes the substrate portion 22 1o expand from ifs normal
ambient state condition.

[0028] - With reference to Fig. 5, there is illustrated that the substrate

portion 22 has expanded from its ambient state condition indicated by phaniom line 21b



in one form is free of cracks associated with solidification cracking. With
reference to Fig. 7, there is illustrated a plan view of the weld 25 formed

Wg% &E{gi%e or component 10. [0030] With reference to Figcgn}g‘z%%/&ﬁ 1505

set fort lock diagram illustrating; one form of a welding process for
producing a weld 25 uncompromised by cracks due to solidification
cracking and/or strain age cracking. In one form, the weld 25 is free of

o an egé%fg‘af%g‘%%?;8%%&#ﬁ#%&%ﬁ@g@%;&%%n%ﬁéﬁgg?{ﬁg%a@mm%tmw% ie

ormed by m trate 22 arou weldarea 21 and

s N A v

the sutiAAIS E}:ﬁ?&bﬁ%z%%%‘@ﬂé%%%@z pawdshainteanat el aotiardiiareld

material overlay. The additional welding material may be of the same type

deposiBAlow maletial@s e suhsiate 22108 Mmmhbeiacdilierent wpeseW Qortion
2006/113736 PCT/US2006/014595 12 material. In one aspect the

22. tn PrefertARRiIcHinsopfemBlaigs thatdhe ackitionabwaltingppateRialds @ithe

gamma-prime precipitation strengthened alloy, and in another aspect is a

substre82RYRAPIMErBraepitatie v alie agtehtd aloyof teersaottetatettial asitne
substrate 22. However, additional welding materials of other types of

where edistyscaiod sliperaleysiachaontempiated herein. (0031] The component

or article 10 is inspected and the weld area 21 is determined and defined
[0029] for subsequénttactsensthe wefdndpibeests Thdlustatacea gactional view
representing that the weld deposit 24 has solidified into weld 25 within the weld area 21
As set forth in Fig. 8, the weld deposit 24 upon sclidifying inte weld 25 and the substrate
portion 22 have contracted as they cool. The resulting weld 25 is uncompromised, and
i.n one form is free of cracks associated with solidification cracking. With reference to
Fig. 7, there Is illustrated a pian view of the weld 25 formed on the article or component
10.
030} With reference to Fig. §, there is set forth a block diagram
ilustrating one formof a welding process for producing a weld 25 uncompromised by
cracks due to solidification cracking and/or strain age cracking. In one form, the weld
2% is free of cracks due to solidification cracking and/or strain age cracking. The weid
25 is formed by melting the substrate 22-around the weid area 271 and may include the
gddition of additional welding material. The additionai welding material may be added
during the welding process in material forms such as, but not limited o, wire, powder,

integral filler and/or filer material overiay. The additional weiding material may be of

the same type of alioy material as the substrate 22 or may be a different type of



is then prepared for the welding operation. The preparation may include
cleaning and/or machining of the weld area as is determined to be

e )ased upon a review of the defect 11. The blockp %@ . -
v@e%@ﬁ@?r%‘?'{)he welding process defipes the weld area in bloc 50. '@%@rmw:@

the weld area 21 has been determined and prepared as necessary at
least a portion of the component is subjected to a preheating act 60. In

materid NS YR Q%QS‘{ REESHRI AP H‘Bﬂti%‘aﬁo‘c‘)ﬂ@ﬂ%gf&s‘){hﬁft{ﬁ@ Aiional welding

arranged on a supporting fixture 16 (Fig. 2) located within the preheating

materiGNaMBERHS:-HAWEvSh ha-fEesertapRication AlsocaniempliMes 8L 8hes o

component or article 10 may not be placed in a supporting fixture and

gammdlSTElY Festh RaRHeamambricvibn sheprehealing 1 ehambend 8ukSRate 22.

pre-heating chamber 18 may be filled with a shielding gas, such as, but

HowevBPtihited 1081908, 1RA3ALENe pretieghng of Hiewormpagsteaiciesl0

is done by means such as, but not limited to, inductive, electron beam,
‘contenipBgsdangdpcused lamps. In one embodiment, the heating of the portion
of the substrate 22 of the component or article 10 around the weld area

100311 21 is accomplishedrhpenitallingiore!of ia Seawing lase thbeasatdamda 21 is
scanning electron beam. A preferred form of the preheating process WO

detérm@%%b&éﬁ?a’ﬁﬁeﬁﬁﬁmﬂﬁmmm iBttentraldizglasecdssan e cerldestioa 21
heating of the substrate 22 around the weld area 21. In one form, the

is then prehesihipeibic6® ésdingyarzaritipro Jews Rrendomiisio na2to Babstastzalying
preheat only a portion of the component or article 10 prior to the welding
and/or gretchding of the weld area as is determined to be necessary based upon a
review of the defect11. The block diagram describing the welding process defines the
weld area in block 50. After the weld area 21 has been determined and prepared as
necessary at least a portion of the component is subjected to a preheating act 60. In
one fornﬁ of the present application, the component or article 10 is arranged on a
supporting fixture 16 (Fig. 2) located within the preheating chamber 18. However, the
present application also contempilates that the component or article 10 may not be
placed in a supporting fixture and merely rests on a floor member within the preheating
chamber 18. The pre-heating chambear 18 may be filied with a shielding gas, such as,
but not iimited to, Argon.
I6032] The preheating of the component or articie 10 is done by means
such as, but not Eimi“ted to, inductive, eleciron beam, laser, and focused lamps. In one
embodiment, the heating of the porticn of the substrate 22 of the component or article

10 around the weld area 21 is accompiished by controliing one of a scanning laser

beam and a scanning electron beam. A preferred form of the preheating process



However, in another form, the present application contemplates heating
the entire component or article 10. The preheating act 60 upon heating

n| ion of the component or article 10 creates a non- ;@
Wg)r%%@ap 5(25 {S)emperature. The localizgd preheating of the sukli}éﬂt]#a é@%@ésmmsgs

around the weld area 21 is maintained at a temperature that does not
cause a substantial change in the microstructure of the component or
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n may own. In a prefefred form the traverse
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In one torm of the present application, the degree of heating in the

compoiSRNEAHALIAeHRAOIINCNRIA-ArR H1 Srsh dRe-SURSHISEPaRARIOT 2 Wik R

kept below the stress relief temperature for the gamma-prime

preheaPREGPHAlIoN stranathenet Al aye nsRNaHberforE bR BREsE 208 hertingHfre
the preheating act 60 will be within a range of about 600 O F to below the

that dos¥rass ¢&lied tesnperatiies fohegahmanpioierpracipititine cirepgteened
alloy, In yet another form, the degree of heating in the preheating act 60
article MWORQAHEE 3T 6cREEMS 2006814685 characteristics that do not change
may include carbide morphology changes, gamma-prime morphology change, TCP
precipitatior.
[0033] The present appticatibn contempiates that the preheating of the
compaonent may utiize the movement of ﬂj@ laser beam or electron beam across the
surface {o be heated at a constant or non—constaht speed. In one form the noﬁ—cc\nstant
traverse speed is ramped from an initial speed up to the desired speed and then may be
ramped back down. in a preferred form the fraverse speed of the iaser or electron
beam across the surface is constant.
[0034] In one form of the nresent application, the degree of heating in the
preheating act 60 of the weld area 21 and the substrate portion 22 wili be kept beiow
the stress relief temperature for the gamma-prime precipitation strengthened alioy. in
another form, the degree of heating in the preheating act 60 will be within a range of

about 800 ° F to below the stress relief temperature for the gammea-prime precipitation

strengthened alloy. in yet another form, the degree of healing in the preheating act 60



14 will be within a range of about 800 F to below the stress relief
temperature for the gamma-prime precipitation strengthened alloy.

Wgrﬁ%?}%gﬁbelow the §tress relief temperaturg ensures th ;?’EXJSZO@ /014505
imensional changes in the compopgnt are minimal. [0035] The

preheating act 60 further contemplates controlling the heating of the
component or article 10 prior to welding to temperatures to and including

... the aging t { th _nri initation st
woe G HETRTEGELYS R e e Rl sagireste

ga mma:—gm%eerg)tx%rc%ﬁ% Ré‘f#@ﬁ#%é?%ﬁ t 500 0-510 304, ingludipgdbe-aging

mperature of the gamma-prime précipitation strengthened alloy. In yet

temperBRHERLAMR %H?g%@@ﬁﬁ@ﬂ%zﬁ%ﬁ@ﬂ Slsithebeatipgies deanpaiatye

within a range bout 800 F to and including the aging temperature of

roo25] the gamma-pripe RIecipitation stiengteneshalinyiTheasingiamars dsseng

will be generally defined as the temperature region where the precipitates

of the c‘é@h‘ﬁ@#@n‘{%%@%@ﬁ@%@ﬁﬂ%&&iﬁ@ seltstapdrsthreatiowd@03aLidhe; the
preheating act 60 raises the temperature of at least a portion of the

aging tEQHPARSR Friaticlentihto melesieddemperatergtiinico dheywetdingsacim,
~ 70. By preheating the substrate portion 22 around the weld area this area

the preB¥RARE S el With teftiren ce dadrig brafive telinpemrargelitamearbisut
the weld area 21 and substrate 22 by the preheating act 60 is

600 ° Fapniemplatethheteirngsngotmadrmg e bé theifgamrandiome guatipdaiissthe
weld area 21. However, the present application also contemplates that in
strengtioaesenbogintenttheqredatingrecpet easime set SGsaiald Y anifpming ic a
temperature within a range from about 800 ° F to and including the aging temperature of
the gamma-prime precipitation strengthened alloy. The aging temperature will be
generally defined as the femperaiure region where the brecipita’tes coniinue 1o grow
after coming out of solution in the alioy.
[0036] : The preheating act 60 raises the temperature of at least a portion of
the component or article 10 1o & desired temperature prior to the welding act 7C. By
preheatihg the subsirate portion 22 around the wsid area this area expands as set forth
with reference to Fig 5. The temperature obtained in the weld area 21 and substrate
22 by the preheating act 60 is contemplated herein as not having 1 be uniform and/or
equal across the weld area 21, However, the present application also coniempiates
that in one embodiment the preheating act 60 creates a subsiantially uniform
temperature within the weld area 21.

[0037] Welding act 70 follows the preheating act 60 and functions to mext

at least part of the substrate portion 22 around the wald area 21 to form the weld 25,



temperature within the weld area 21. [00371 Welding act 70 follows the
preheating act 60 and functions to melt at least part of the substrate

“@%&?@éﬁ 6%round the weld area 21 to form the weld 25. WCE, 89%@49;&?7(?1%@%

6/014595 15 The weldjgg act 70 is preferably occurring under
a shielding gas, such as Argon. The welding act 70 may include the
introduction of additional welding material or may rely solely upon

iring_the defect 11 by th Iti f the trate 22 d.th
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area 2 1?31%38%?%;%9%8%@?8 lidifies Justibehind theweld fronto; The waldingy the

may be a single pass or multi-pass operation and may utilize the

repairecg%%%asla r}%%%ﬁﬁl@gﬁ%ﬁ i ggﬁ)fﬁ%ﬁgﬂ%ﬁfd%ﬁmy%%'@t%g geRasiidayesane

er, the present app on contemplates that there may be multiple

original WRILHERASHS %B%eﬂ?gpéme@dﬁf@ﬁ@ﬁﬁﬁ@@iw RHEOVRE Q! Fepalr

~a portion of the component or article 10. [0038] In one form the welding
solidifieBGhET-Agsomplished By RaNtFoHipgR seansuag aserheanh oF seamaingskill in

electron beam as it moves over the surface to be welded. The traverse
the art WieRshaidhe:lase nkeareobsigntserpbeanidlids sustivsdavirdivesid front.
The weiding act 70 may be a single pass or multi-pass operation and may utilize the
depositing of a single weld deposit fayer or mukiple weld deposit layers. Further, the
present application contemplates that there may be muliipls weid deposits that are
deposited adjacent one another to cover or repair a portion of the component or articie
10C.
[0038] In one form the weiding act is accomplished by controlling a
scanning laser beam or scanning electron beam as it moves over the surface to be
welded. The traverse speed of the laser beam or electron beam as it is moved over the
weld area may be constant or variable. In utilizing ‘theierm variabie there is
contemplated that the speed is ramped up and/or down from an initial speed {0 &
desired speed. |n a preferred form-the traverse speed of the laser beam or electron
beém is ramped up and down to accommedate the geometry of the component or
arficle being welded. Further, the present application contemplates that the power may

alsc be constant or varied over the weld area. In & preferred form the power is ramped

up or down from an initial setting or current setting depending upen the geometry of the



weld area may be constant or variable. In utilizing the term variable there
is contemplated that the speed is ramped up and/or down from an initial

wiPgee 04 6_deS|red speed. In a preferred form -the traversep%ﬁﬁgzﬁg‘ﬁé&%s%
aser beam or electron beam is ramped up and down to accommodate

the geometry of the component or article being welded. Further, the
present application contemplates that the power may also be constant or

compo\é%aﬁ]gf%\ﬁrr gt/% %W(?'ldaae{r%g 'tillré %(E)r'%%‘r? rrg&éor%gé%‘é% POWET ﬂ%fé?’%dtouﬁi@r? the

iflal setting or'current’'s pending upon

weld isaeéj%:;re\',%%&%g% %%%‘%%/’901%?@%3 &\ygé%ggg%%%%w 36 5omRonERtares

n area and tfe portion being w . With Teference to Fig. 7

21 wo%tﬁ%avg'% el Asnosier amLrightde lefhnane sXampie AdegRN3%m

e weld area 21 would be a region wherein the traverse speed of the
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ramped down. In contrast a région 40 would be a region wherein the

be a rdiRYEIRRAREaLOf e lasebBea: &elastiopeam: maYRh FRIBREFHEPWS

and the power is ramped up. The present application contemplates a
rampedVidswaliRinel Relrntial-ehanges n TRy gike sREEOHADS ROVIOMteMRetdhe

energy requirements for welding the component or article [0039] With

wide vigiarenostendel 8Rathere itsithistretacb el solidificatiotootithe thveldnergy
deposit 24 into the weld 25. The weld deposit 24 and the surrounding

requireshiasirate Radare tetedhipaaltow sadidifieation into a weld 25. As

discussed above the weld deposit solidifies just behind the weld front. As
[00397the weld depasth24fanehtiretsatdiidingre is illustrated the solidification of the
weld depasit 24 into the weld 25. The weld deposit 24 and the surrounding substrate 22
are cooled to aliow solidification into a weld 25. As discussed above the weld deposit
solidifies just behind the weld front. As the weld deposit 24 and the surrounding
substrate 22 cool they contract. The degree of contraction of the weld deposit 24 and
the degrae of contraction of the subsirate 22 have a difference, but it is small enough
thatthere is ﬁot caused any weld cracking due to the soiidification. in one form the
resuliing weld 25 is free of solidification cracking.
J0040] The present application contemplates that after the solidification act
80, the article or component 10 with weid 25 may be subjected to & controlied thermal
process to vary the microstructure of the weld. in one form the microstructures
contemplated herein include polycrystalline, dendritic, directionally soilidified or single
crystal.

[0041] With reference to act 80, there is iliustrated a post welding act heat

trsatment process. Typically, the weld 25 is thermally cycled in act 80 prior to & non-



substrate 22 cool they contract. The degree of contraction of the weld
deposit 24 and the degree of contraction of the substrate 22 have a

i nge, but it is small enough that there is not caused a %g -
Wgrggéﬁr%g%ﬁe to the solidification. In;one form the resulting \%}é?é}’ﬁ Ehee”

of solidification cracking. [0040] The present application contemplates that
- after the solidification act 80, the article or component 10 with weld 25

destrudid %QQE’JS%%]%%? dwmégﬂr%%%émn% SadQ:Vay Eﬂ?en up a% etight

microstructure o rostructures contemp
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act 90 prior to a non WO 2006/113736 PCT/US2006/014595 17

operaffifstzctivenipsRectian eRaiRligm Ehr therpal ealing:RERSaSH: tilt PRSRRional
any tight cracks so that they may be identified by the non-destructive

crackin@SPRCHSN:PRSTAHAlb dedueisHalimage graekiag. ifw isaming thoeeEsHEN
that the non-destructive inspection operation can identify it; and provide

applicaunesdegranmbaiiass satiahsuehithal rofaddiionalirceaaekirgokihgccur

. during subsequent thermal exposures. Weld 25 in the present application
[0042]is uncomprorisehandrimnionesfmmiieftd @ af straiorageizradking . {842} to
_ One non-limiting example of parameters utilized in a system to repair a

repair sampooestiviiliee desoribbed with reference to a ges tunbirresagiinte Hitatke

formed of In 713 material. The defect in the biade was repaired in a welding system
including a 500 watt YAG fiber delivered laser. The blade was preheatsd by scanning
the weld area with the laser beam. The parameters associated with the laser during the
preheating were: focal + 0.78 inches from the surface; beam size on blade about 0.020
inches; scanning patiern was a linear sweep performed fifty-six times at a speed of
about fourteen inches per minute; and the power was 85 watts. During the preheating
operation the preheating chamber was flocded with an inert gas, Argon, During
preheating the power and traverse speed were constant.
[0043] The welding repair of the blade was performed following the
preheating within the preheating chamber. During the weiding operation additional
weiding material, In 713, was delivered at a rate of 0.025 grams per second. The
welding was performed under a shiglding Tlow of the Argon gas delivered at a raie of
about fifty cubic feet per hour. The parameters associated with the laser during the

welding were: focal 0.0 from the surface; beam size on biade at weld area about 0.010

— 0.020 inches, scanning patiern was a sguare stitch at a speed of sevan to tweive



formed of In 713 material. The defect in the blade was repaired in a
welding system including a 500 watt YAG fiber delivered laser. The blade
was preheated by scanning the weld area with the laser beam. The N
WO 2066/113730 . : . PCTUS2006/014595
drameters associated with the lasgy during the preheating were>focal +
0.78 inches from the surface; beam size on blade about 0.020 inches;
scanning pattern was a linear sweep performed fifty-six times at a speed

of hautfourieen Inglies PEL I, 200 ROWE! s Baaatin DUdIGinG

mohestﬁgrprpéﬂeaﬁng operation the preheating"’chamber was tlooded with an

weld WS} %@@ [%%9%35Dwmﬁ‘\%mﬁmﬂgt%ﬂ%’%@% LaMETSR SPEEIE S ersing

cons The wefding repair of the blade was performed following

the sulfReRIEREHNEWITRIN the-BIGNGAINOEBABEGE dNAGdReGIdiRge powere

operation additional welding material, In 713, was delivered at a rate of

was rapnpée JRERe BBUseRanth thaepueldina waspgeormed under a shielding

flow of the Argon gas delivered at a rate of about fifty cubic feet per hour,

[0044]The parametgigassasipiashnithibe haser ilusngtdheweldingiveranfoesdi in
0.0 from the surface; beam size on biade at weld area about 0.010 -

the dréWiRR IB6HeGE3RANDINERAREEN s SRRl eostitchuat Rispeedsafiastretite and
. twelve WO 2006/113736 PCT/PS2006/014595 18 inches per minute; and

not reshthewenasdicihé mige widdditod Shvatts. fhberefsuitde mistdiwests
free of defects. During the welding act the speed of the laser beam

have Htavessing: thel sisfachedbsndhihpesupangkdoand witidilithaisovespeet
range and the powere was ramped up and down within the above power
within thageirit of the inventions are desired to be protected. It should be understood
that while the use of words such as preferable, preferably, preferred or more preferred
~ utilized in the description above indicate that the feature so described may be more
desirabie, it nonetheless may not be necessary and embodiments lacking the same
may be contemplated as within the scope of the invention, the scope being defined by
the claims that follow.  In reading the claims, it.is intended that when words such as “a,”
“an,” “at least one,” or “at least one portion” are used there is no intention to limit the
ciaim to only one item unless specifically stated io the contrary in the claim. When the

language “at ieast a portion” and/or "a portion” is used the ifem can include a portion

and/or the entire item uniess specifically stated to the contrary.



[0044] While the invention has been illustrated and described in detail in
the drawings and foregoing description, the same is to be considered as
illustrative and not restrictive in character, it being understood that only
the preferred embodiments have been shown and described and that all
changes and modifications that come within the spirit of the inventions
are desired to be protected. It should be understood that while the use of
words such as preferable, preferably, preferred or more preferred utilized
CLAI ':n the description above indicate that the feature so described may be
ore desirable, it nonetheless may not be necessary and embodiments
lacking the same may be contemplated as within the scope of the
invention, the scope being defined by the claims that follow. in reading
(s t/—l?e Clgtlrr‘tg}s%, Itfc'% I%e%qgg tg.%t \/gE}?@eW%ﬂ%ggC%@Sg agan%a-ﬁftmgap?@&pitaﬁon
or at reast one por%on Saré'Uséd there'is ho intentionto limit the claim to
- ite ecifically stated to the contrary in the claim. When
strungﬁ%W?%ﬂ%#ggé&gﬁigzﬁl@a portion" and/or "a portion" is used the item can
'Hggfﬁifr::; 3 porion, and/o the entire item ualess specifically statedhio the o apout
contrary. 19 CLAIMS i. A method for welding an article formed of a
600° FORMYRARHME REGHPIRIAD tsHeRoiensd:aley atoMRNSIBeHRRAINGOMY & weld
portion of the article to a temperature within a range from about 6000 F to

arez. and including the aging temperature of the alloy. the portion including a
weld area:

welding at least a portion of the weld area after said heating to produce & weld
deposit; and

cooling the article to form & weild that is free of solidification cracking,
2. The method of claim 1, which further includes subjecting the arlicie to & hsal
freatment act after said welding. and wherein the weld is iree of strain age cracking after

said heat treatment.

Aﬁ.-‘)

The method of claim 1, wherein said heating does not substantially change ine

microstructure of the article,

4 The method of claim 1. wherein said healing is not isocthermal.



welding at least a portion of the weld area after said heating to produce a
weld deposit; and cooling the article to form a weld that is free of
wedidification cracking 2. The method of claim t, which furth@dneismes 14593
subjecting the article to a heat tred&tment act after said welding. and
wherein the weld is free of strain age cracking after said heat treatment.
3. The method of claim 1, wherein said heating does not substantially
change the microstructure of the article. 4. The method of claim I. wherein
said heating is not isothermal. WO 2006/113736 PCT/US2006/014595 20

The method of claim 1, wherein said heating is accomplished b
Control 5 BTHL BT anchAFAEI TR Sl & RECHTInGd by
.__controlling the Ia_seré)eam. 6. The method of claim 1, wherein said welding

Comrm%@%%ﬁ%éI&WﬁS ess. 7. The method of claim 1, wherein said welding

is a multi-layer process. 8. The method of claim 1, which further includes

. i : . . L theweld

B o T e e A eitional

material is a gamma-prime precipitation strengthened alloy. 10. The

method of claim 1, which further includes subjecting the article to a

8. The method of claim 1, wherein said welding is & single layer process.
7. The method of claim 1, wherein said welding is a mulii-layer process,
8. The method of claim 1, which further inciudes adding additional material

during said welding to produce the weid deposit.

Q. The method of claim 8, wherein in said adding the additional material is &

gamma-prime precipftation strengthened alioy,

10, The method of claim 1, which Turther'includes subjecting the articie 10 &

heat treatment act after said welding;
wherein the weld is free of any strain age cracking after said heat reaiment;

wherain said heating does not substantially change the microstructure of the

ariicls;



heat treatment act after said welding; wherein the weld is free of any strain
age cracking after said heat treatment; wherein said heating does not
wgubstantiatly change the microstructure of the article; WO RPODGIRZLB¥BB595
PCTmS2006/014595 21 wherein 3&id heating only heats a portion of the
article, and said heating is not isothermal; and wherein the alloy is a Ni
based super alloy. 11. The method of claim 1, wherein said heating is
vacsemulisheadyng g hdmam panibwieé toin sdidevelttnegls heating is not
accomplished with the laser beam. 12. The method of claim 1, wherein
isotherrsaipameating is a dynamic non uniform act; wherein the article includes at
least one defect area; and which further includes machining the at least
womeeleftet alien ioaddfineste sverl &lled, 13. A method for welding a
gamma-prime precipitation strengthened alloy component, comprising;
heating only a portion of the component to a temperature below the stress
relief temperature for the gamma-prime precipitation strengthened alloy,
the partion includin? a,weédwrea and a ubsjf'rate Spgét{i}gg] !I:} i%%teeudb%eéoﬁser

the wellSRENGiG Hifihg Wherein said heatng i

beam; and

wherein said welding is accomplished with the laserbeam.

12, The method of claim 1, wherein said heating is a dynamic non uniform act;

wherein the article includes at ieast one defect ares; and

which further includes machining the at least one defect area to define the weid

area,

13, A method for welding 2 gamma-prime precipitation strengthened alioy

component, comprising:

heating oniy 2 porlion of the component to a temperature below the stress relier
temperature for the gemma-prime precipitation strengthened alloy, the portion including

a weld ares and a substrate poriion located below the weld area, said healing

axpanding the substraie portion;

welding at ieast z portion of the weid area after said heating to producs a waid

deposit; anc



expanding the substrate portion; welding at least a portion of the weld
area after said heating to produce a weld deposit; and WO 2006/113736
wERIHM3IBR006/014595 22 cooling the weld area, wherein HE/difofebEh
contraction between the weld dep8sit and the substrate portion does not
cause solidification cracking. 14. The method of claim 13, wherein said
heating is within a range from about 600 F to below the stress relief
topopegdhaeveid tieganieiprintedpfetpratio e stkatgorehetivatsyesyeld
The method of claim 13, wherein said heating includes controlling one of a
deposéenshing 3588 BEaRPERY a%mﬁﬁg@@a%a%%%mn PsaqtHecmethod of
claim 13, wherein said heating is accomplished by controlling a scanning
laser beam, and wherein said welding is accomplished with the laser
beam. 17. The method of claim 13, which further includes subjecting the

rticle to a heat treall ct.after said we and Wh rein the wel
r%com% G&Ogt Wa%de GP&;%IH& B'f%} €A eat r}éatﬁngarig& m Bbout
etho Ia| 13, wherein saj nti
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strengthened alloy.

15.  The method of claim 13, wherein said heafing includes controlling one of a

scanning laser beam and a scanning electron beam.

16.  The method of claim 13, wherein said heating is accomplishad by
controliing a scanning laser beam, and wherein said welding is accompiished with the

laser beam.

17.  The method of claim 13, which further inciudes subijecting the article fo a
heat treating act after said weiding, and wherein the weld is uncompromised by strain

ége cracking after said heat treating.

18.  Ths method of claim 13, whereln said hsating does not substantiaily

change the microstructure of the article.



23 19. The method of claim 13, wherein said heating is a dynamic act and
the component temperature is non-uniform; wherein the article includes at
wieastonmesefect area; and which further includes machiningaarstoleestisos

one defect area to define the weld2area. 20. The method of claim 13,
wherein said heating is within a range from about 600 O F to below the
stress relief temperature for the gamma-prime precipitation strengthened
allby; whezehebuid pealaiy 1S dstenapisat TRAEBAtDRIAY R SHaRTNERdRe
beam; wherein said welding is accomplished with the laser beam; which

compirehtismeleigbs sibeting BB rticle to a neat treating act after said
welding, and wherein the weld is uncompromised by strain age cracking
afepredidMoatithe Aty dan 8 PRI . S REAITE FIES not substantially
change the microstructure of the article. 21. A method for elﬁin, an ,
a féﬁﬁ@@'ﬁ‘ﬁdﬁ'&rﬁ?ﬁabb?iﬂ%tﬁe%fﬁ?ﬁd?f‘%ﬁ%%l‘?éﬁ@\goa gyne the weic
comprising: preparing a weld area in the article; WO 20061113736

area. pCT/QS2006/014591 24

20. The metnod of claim 13, wherein said heating is within a range from about
600 ° F to below the stress relief temperature for the gamma-prime pracipitation
strengthened alloy;

whaerein said heating is accomplished by controliing a scanning laser beam;

wherein said welding is accomplished with the jaser beam;

which further inciudes subjecting the article to 2 heat freating act after said
welding, and wherein the weld is uncompromised by strain age cracking after said heat
treaiing; and |

wherein said heating does not subsiantially change the microstructure of the

articie.

21, A method for welding an articie formed of a gamma-prime precipitation
strengthened altoy, comprising:

preparing a weld area in the articie;



dynamically heating only a portion of the article to a temperature within a
range from about 6000 F to and including the aging temperature of the

welloys/herportion including the weld area; welding upon therwplckare2014595
after said heating to produce a welg deposit; solidifying the weld deposit

~ to form a weld that is uncompromised by solidification cracking; and heat
treating the article after said solidifying, the weld after said heat treating is
uheemprainizeatipg smbin agslierasking Ficere miarpeeragimibin a Tangs
wherein said heating is accomplished by controlling a scanning laser

from abeahBURd Whansinnshid telamgas adesimpiaies Withesioradbe Resen

inciuding the weld areg;

welding upon the welid area after said heating to produce a weld deposit;

soiidifying the weid deposit to form a weld that is uncompromised by

solidification cracking; and

heat treating the article after said solidifying, the weld after said heat treating is

uncompromised by strain age cracking.

22,  The method of claim 21, wherein said heating is accomplishad by
coniroliing & scanning laser beam, and wherein said welding is accomplished with the

laser beam.



