METHOD OF WELDI NG A GAMMA- PRI ME PRECI PI TATE

STRENGTHENED MATERI AL Field of the Invention [0001]
wohespnesent i nvention relates generally to a perTsg006/014595

for wel ding a conponent formed of a gama-prine

preci pitation strengthened alloy. Mre specifically in

one formthe present application relates to a nethod

of wel ding a gammaprine precipitation strengthened

al | oy conponent wherein the weld is free of cracks.

ME\‘deﬁ dﬁWﬂI{?mﬁh GRMN &35 RANE WBSE €AY AT ReSTRENGTHENED
wel di ur S

ng gas I ne engl ne conponehts, It also ha
application in welding nts from nmany ot her
areas of technol ogy. BQ@E@?@B@U of the Invention
[ 0002] Mbdern gas turbine engines operate at high

rotati onal speeds and high tenperatures for increased

performance and efEjctd F8Me IdVeiiedere the material s
from whi ch gas turbine engi ne conponents are

[ooo4] fabricateg, mist. e |rﬁ}ém?é8%lg}éﬁ%@é?g% fea ﬁgé‘tﬁés for welding a

oper ati ng envi ronnent . turbine engine
conponents are manuf actured, fromhi strengat h
compong LT ARAGY 8 A BRI GS B ioR SHpr BRI MO g
__tenperature and high stress applications. Oten these
specificaliype oalel forys the eregesi apidigation helatas taa g@[tmcgd of welding a gamma-
st rengt hened
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 also has application in welding components from many other areas of

technology.

Background of the Invention

[0002] Modern gas turbine engines operate at high rotational speeds 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 environment.

[0003] Many gas turbine engine components are manufactured from high
strength superalloys which are specifically developed for high temperature and high
stress applicaﬁons. Often the'se superalloys are designed to be principally strengthened

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



t hrough a controll ed heat treatnent process which
produces ganmma-prine precipitates. This precipitation
webromngsizeni ng phenonena and the associ at ed chaogas2006/014595
t hat occur upon agi ng makes2wel di ng of conponents
formed of these superalloys very difficult. [0004] The
present application provides novel and unobvi ous
; : t
This preER B R g R P R B2 Bl T2 e E0 Pt BPpes et oppur
upon a gg?&%?vf%&n%f%@%ﬁgﬁﬁ%%tpg q%l%%gxgqecrgl tyesn\T/)ery dificult.
prime precipitation strengthened all oy,
[0004] conprl s. nd hehpsasemtanplipatian piovides meved end engbyigug methods for
tenperature within a range from about 600 F to and
weldingigachradipriné peedgtation tstrepgtianadealloly ddmepaddnty, t he
portion including a weld area; welding at |east a
portion of the weld area after the heating to produce
a weld deposit; and, cooling the article to forma
weld that is free of solidification cracking. [0006]
Anot her form of the present invention contenplates a
met hod for welding a ganma-prine precipitation
strengt hened all oy conmponent, conprising: heating only
a portion of the conponent to a tenperature bel ow the
stress relief tenperature for the ganmm-prine
preci pitation strengthened alloy, the portion
including a weld area and a substrate portion | ocated
bel ow the weld area, the heating expandi ng the
substrate portion; welding at |east a portion of the
wel d area after the heating to produce a weld deposit;
and cooling the weld area, wherein the difference in
contraction between the wel d deposit and the substrate
portion does not cause solidification



cracki ng. [0007] Yet another form of the present

i nvention contenplates a nethod for welding an article
wobaoosrd3sé a gamma-prinme precipitation strengt Remas2006/014595

all oy, conprising: preparing a weld area in the

article; dynamcally heating only a portion of the

article to a preheat tenperature within a range from

about 600 F to and including the aging tenperature of

the alloy, the portion including the weld area;

wel di ng upon thewel d area after the heating to produce

a wel d deposit; solidifying the weld deposit to forma
weld that is uncoﬁwré/e‘lf%w la¥entieRi catii on cracki ng;
and, heat treating the article after the solidifying,

the weld after the heat treating is unconprom sed by

strai n age cracki 0008] . These and, ot her obj ects .qof
[0005] { he pr eseg)t“q ﬁ\?@rﬁr}%gﬁ [Wﬁqu H.évce@ﬁgn rggpgerg;alagerse@l{nefc’rﬁe%?or

_ the follow ng description of the illustrative

weldmg@?o@alpﬁe‘ﬂmwg pbe msyoptste AresipiatienmimmofeNghaltm),

Fig. 1 is a perspective view of one enbodi nent of an
comprisirld: hettiag & yertims of theartieledo gi teenparaidee Withdil8rafge frobh about

is a schematic illustration of one non-limting

600° F 18rdechefihghe 2] Hinfserafipa bR tits alldyd e bofticdh indluldfhg?8 weld
enl arged view of a portion of a conponent having a

area; w%ﬁfngﬁag 'I%a%?gﬂ%&nﬁicgé o Rhée Wil e Uk ¥RInELM I Aldd(Re'd §Wid
deposit; and, cooling the article to form a weld that is free of solidification cracking.
[0006] Another form of the present invention contemplates 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 form of the present invention contemplates a method
for welding an article formed of a gamma-prime precipitation strengthened alloy,
comprising: 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



conponent in Fig. 3 after a machining operation.

[0013] Fig. 5is an illustrative view of the conponent
wOnodeilg373¢ after being pre-heated and wel ded. PODAKL006/014595

Fig. 6 is an illustrative véew of the conponent in

Fig.5 after the weld has solidified and the substrate

has cooled. [0015] Fig. 7 is an illustrative plan view

t, [
weld arg% aﬁef‘frlaﬂ} %‘?{P@Stb %&rﬂ%&é Q’%e@g%Bogé s%hg @@é@ﬁ% Weﬁogagﬁ?)sn to
ng a Ilcatlon SCr.i n_of the Il

form 2 BREARHE ANGOT SRS Sl o Ceatilfa: sk heding the
under st andi ng of the principles of the invention,

article afier éhes0ligifwnpl th@oweldeaft@fdbe ﬂw@at Healdimisdineempromised by strain
illustrated in the draw ngs and specific | anguage wl|

age crabkingsed to describe the sane. It will neverthel ess be
understood that no limtation of the scope of the

[0008] | nvent i OnTQé?é Bﬁﬂ?ﬁﬁer‘éﬁ ebdest th ?H%‘se@\lt fretibR sl B@Qome more

further I cati ons the illustrated device, and

r ppl | of . f t he
spparerf iR %fsc?ﬁﬁ%@&? Rt b8 RaT ateq as
woul d normal |y occur to one skilled in the art to
whi ch the invention relates. [0018] Wth reference to
Fig. 1, there is illustrated a non-limting view of a
conmponent or article 10. In one form the conponent or
article 10 is a gas turbi ne engi ne conponent, such as
a turbine blade. The present application contenplates

a



very broad definition for the terns conponent or
article and is not limted to gas turbine conponents
wanbmsz3speci fically stated. The illustrative PCT/US2006/014595

enbodi mrent will be describesl with reference to a gas

tur bi ne engi ne bl ade; however it should be understood

by one of ordinary skill in the art that the present

application is'not limted to gas turbine engine

conmponents. [0019] The conponent or article 10 can be,

but is not limted.to,  a, fabricated structure, a cast

structure andEStetdessr '%PFGQ?EPEW”?Hsone form the

conmponent or article 10 is a cast structure produced

by casting operations believed generally known to

those of ordinary skill in the art. The cast conponent
[0009] or articlRiglQ isamdrepedtiveniié\arf onasdrnbadiatent ah ahdliwstrative gas

plurality of cast pieces that are assenbled into

turbine é@eﬁq@g}é@@gnt or article. In an alternative enbodi nent;
t e conponent or article 10 is fabricated by joining

mul ti pl e conponent oget.her | di ar r :

[0010] Sesenbiy R ALeRden sty el i fif thBetiment of

- brazing, bi-casting, diffusion bonding and ot her

a welding@PRarteal  f ast eni ng net hods known to one of ordinary
skill in the art. [0020] The conponent or article 10

[0011] is formedifrdns anentarged yigasobé poiriiked] a compenent hading a
cobalt superall oy conpositions. However, other types

defect. of alloys and superalloys are contenplated herein. In
a preferred form the superalloy conpositions of

[0012] |nterest n%.eﬂsré’xﬁneﬁla?éé’éﬁlugfram sremﬁtgbf@-twﬁ ok e

ganma- pri preci pitation strengtheni nra- pri me

componé’r{t%ll:%.%ae} &7 a r%%ﬁfﬂv%ghgﬁeer%ﬁg&t erials are generally

[0013] Fig. 5is an illustrative view of the component in 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 illustrative plan view of a weld deposit.

[0016] Fig. 8 is a block diagram illustrating one form of a welding process

of the present application.



recogni zed as being difficult to weld and are noted
for crack formati on associated with the wel di ng and/ or
woasde/m&i3di ng heat treatnment processes. The preeEms2006/014595

application contenplates that the terns weld or
wel di ng include cl addi ng, wel ding and/or direct |aser
deposition. Cracking of these types of materials
results fromtwo different sources that are associ ated
with the overall ganma-prine content of the alloy. The
two different sources are classified as solidification
cracki ng Begceiptisgmobithe Wrstriivg Embpdimentsat i on
cracking is generally caused by a conbi nati on of hot
shortness and/or residual stress fromsolidification.
The present application recognizes that the residua

[0017] Stress fredpiseld fhbs&abi MBmcting o litfdrstaRsif ofﬁt@e principles of

thermal growth or contraction differences of t
. ubst r.a t.er] f e . | [ ;
the inver A BleAEg YT ol pmddio BTRIRmRR I 360l l dno pravings
during the post wel d deposit, heat treating of. the
and speginimaoreliLbr sigeHe RERCRNT BFerpre ot TENEMAPIESS s
. at least 30% by volunme gamma-prinme content. \Wen the
understogd rthai- oy imisatioreof {hiet saops affike @viestian iretherehp)ingended, such
contraction or reduction that is due to the increased

alteratioy & furthe madificatiosisas kha flustsstedi devia, sintifsuchefurther
gamma- prime phase precipitation. This contraction

applicati{)r?)g (%ﬂgé ggiﬁg{p?ﬁgfthtehﬁvérﬁﬂn% flushtRbherdiniiagn g esneRilhted as

the ultimate stress level is reached
o e BRGS0 E AR P BB 7,
[0018] [0022] O FeREIGEHCg Bub B RrIHRHeRE non-imiing view of

preci pitation strengthened ~

component or article 10. In one form, the component or article 10 is a gas turbine
engine component, such as a turbine blade.. The present application contemplates a
very broad definition for the terms component 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 |
components.
[0019]. - The component or 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 those of ordinary skill in the art. The cast component or article 10

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



materi als are nickel based superalloys such as, but
not limted to, those known by the follow ng trade
woamss1335CO 713, MARM 247, |1 NCO 738, NMARM 002pCONSX008/014595

CVBX- 4 and CMBX-10. As set7forth above, the present
i nventions are not intended to be limted to the above
materials and contenplate utilization with al nost any

allo terjal 023] The conponent, ofn .
comporiint P pdbies T Hie e Sieime il e roafeig TGe TQs
one of equi axed, dendritic, directionally solidified,
fabricateg byfoiring m@ﬂn@em@er@@mg@mrﬁy wﬁldum@adﬁog other assembly
regardi ng general techniques for producing a cast
techniquesnpoherst bul ndt [maitdd tf, bréwng bloveastingr disttisioothoreingead other
bel i eved generally known. One technique for producing

mechan%aﬁa%‘terﬁ@ﬂ?ﬂ@'ﬂ%ﬁs krfoveieto bae o obdin&ki igifinghatRs Patent’
. 5,295,530 to O Conner which is incorporated herein

[0020] DY refereﬂﬁ?c?ﬁfﬂgneﬁﬁéﬁé‘ﬁlc%‘)% i<C@hhag ffo?n'@%hobé‘ﬂlﬁ&dof nickel,
C es and are

to cast stru when cast structures
t str

ated are limted to ure
tenium SRR EBl e relley Carraelons: JERWa G, AER tash S lslisiang
- Patent No. 5 295 530 to O Conner. [0024] The conponent
superalleys aetqoglasnplgtadshenaitus trr atpé@‘errﬁd#o@n the sMperalipyes@ppsitions
11. In one formof the present application, the defect

of interedtlaredronh askdsi @ftnaterialcihat kitilizdogawera-ptilne m'ee'méhation
application contenplates that the defect may take on

strengthérﬁ‘ihg OGammMarRhe pRicisititiorostratdtioased magdrisls e RieheRaly
mted to corrosion, erosion, oxidation,

recognlzgﬁ‘%}éaﬂbﬁg‘gﬁélﬂ% %b%l@ﬁeat %:nr%tt%fﬁ?r c%cl?iéﬁgre ({ibn associated with

n ano
the welding and/or post welding heat treatment processes. The present application

contemplates that the terms weld or welding inciude cladding, welding and/or direct
laser deposition. Cracking of these types of materials results from two different sources
that are associated with the overall gamma-prime content of the alloy. The two different
sources are classified as solidification cracking and strain age cracking. Solidification
cracking is generally caused by a combination of hot shortness and/or residual stress
from solidification. The present application recognizes that the residual stress from
solidification is a direct result of thermal growth or confracﬁon differences of the
substrate material of the component and the weld deposit.

[0021] Strain age cracking manifests itself during the post weld 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 contraction or reduction that is due to the increased ordering or atomic



application, the area of interest on the conponent to

be welded is in need of a coating/cladding and there
woO00sati3@6 " def ect” such as set forth by featur ecnwsbms/ 014595

11. The present applications8is applicable to welding

an area including a defect and/or welding a | ayer or

| ayers on a portion of the conponent in an area that

stackmgr%sfsé#%i qg\ﬂﬁth ?@ é ﬂ@?ﬁ pﬂh’we ﬁreoﬂﬁ{e%g%; \j‘h é"contraction further

. limting exa eofavveldl t.em 2for

increasagdfeir g i STieso i EormBON TR0 IF ROYT AP AVBC WAl Sirges level
wel ding system 12 is a non-limting exanple of the

is reacheq pad ofadiigioearsy Thersausals roare PENAHNEe BusinglegBysiah alloys
the desired weld to repair defect 11 and/or provide a

becausec tadsengaterialy @sldilipgohtzdn ebout 0% tol dues 708 ecluwed damgna-prime.
system 12 includes a | aser 13, an encl osed beam

[0022] delivery gakbrdbrreldpsip E@gﬁﬁnﬂ@p@iﬁ{e ﬁ%cﬂgﬁtetnén strengthened

conponent fixtu ring and positioning system1

materlalev Qieg'%lcb%'%ﬁl grﬁ%@ eﬁfaéké sgcg:agcﬁggﬁ&ﬁnﬁlt%oofégmo% l%’“%llﬁn by the

followingeirageonames NG 0 13y VARV 1 dNCor 28 PRI RAg: CISHr3, CMSX-
wel ding material to the welding area on the conponent

4 and CNISX-TheAs pet farthozbaved theopragienhitriventions areenolrioiendggdo be

conmponents conprising the welding system 12 are

limited toometarbaivleeﬂbtehets@m cortempldteritiieaticry #ite mircostarnf bkoy or
In one form the welding system 12 includes a

S“pefa"@%* GL3 Gas 10 the pre-heating chanber and enabl o

[0023] the pre The component or article 10 may be formed with a microstructure
that is one of equiaxed, dendritic, directionally solidified, or of a single crystal
configuration. Details regarding general techniques for producing a cast component
with each of the above microstructures are believed generally known. One technique
for producing a cast component is set forth in United States Patent No. 5,295,530 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 }n United States Patent No.
5,295,530 to O’Conner.

[0024] The component or article 10 is illustrated 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 contemplates that the defect may take on any of a variety of

configurations, including but not limited to corrosion, erosion, oxidation, mechanical



heati ng and/or wel ding to occur under the shielding

gas. One type of shielding gas commonly used in
worb@imngr3eperati ons is Argon. The illustrated wrerdiSnge/014595

system 12 is purely illustrative and ot her wel ding

systens are contenpl ated herein. Wile the welding

system has been described in one formw th reference

g T
copionf§ AT B! G S Sudicair R

_ to Figs. 3 - 6, there is set forth an illustrative
coatingidiasiing ard here ionolod “ddfectt suploasset Grrthaby fasterelgumben 11.
the defect 11 that is desired to be repaired by

The presehtdapgication isnepflieabledd waldingreesarda iapipdinged tefect tamel/or
defect 11 is machined to produce a weld area 2 1,

weldng GACs: L GERSPAREHARY) bR SO ATBIALER, bty
In one formof the present

re-wel di ng machi ni ng.
ﬁeEOféﬁ%ﬁgtation, the weld area 2 1 is forned in the
. conmponent _qor article 10 by a machi pi ng process . .
[0025] § ncl udi ngVILESTHENOE T idac HRTrP AMSHEtS 914 nag:limiting
el ectro di scharge machi ni ng, hand bl endi ng and/ or
example ot amelding sysiemTh2 farrvesiding the gomyenrient 10 [Theullesirative view of
termweld area 2 1 to refer to the area to be wel ded

the weldimy sstegoipigrrendn4imiting éxdrepiébithe tyss oweldirig systBasthat can
been machi ned prior to welding. [0027] Wth reference

e AT RIS S SPLSYe || I R tlng or
cladding%grneorrrﬁcmenxﬁgstra% W\Aé%i%gasrygt%r% 15 includes a laser 13, an enclosed
beam delivery path 14, laser focusing optics 15, a component fixturing and positioning
system 16, a visualization system 17 for component location and laser path control and
a pre-heating chamber 18. The welding system 12 may also include a powder feed
and/or wire feed system 26 for delivering additional welding material to the welding area
on the component 10. The operation and coordination of the individual components
comprising the welding system 12 are controlled through a computerized system
controller 20. In one‘form, the welding system 12 inciﬁdes a shielding gas flow delivery
system to deliver the shielding gas to the pre-heating chamber and enable the pre-
heating and/or welding to occur under the shielding gas. One type of shielding gas
commonly used in welding operations is Argon. The illustrated welding system 12 is

purely Hlustra’cive and other welding systems are contemplated herein. While the

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



has a substrate portion 22 | ocated under and/or around

the weld area 2 1. The s.ubstrate portion 22 is a part
wohodcshe3senponent 10. In repairing the defect PRAETWIS2006/014595

formng a cladding on at | dast a portion of the

conmponent 10 the present operation heats the substrate

portion 22 around the weld area 2 1. Preheating of the

undersig bR Tr PR eidn o IR iy BT ol faRTo, gas

ambi ent state condition. [0028] Wth reference to Fig.
tungste arg malding. gnHPIR BRRAY FAERS 2l Combitatians thryeer are 22
has expanded fromits anbient state condition
contempfaded bereth. by phantom line 2 1bto an expanded condi tion
indicated by Iine 2 la. This figure is purely
[0026] i | | ust rat Wigh pefdrdricestetFifor b 6)efdverls ket Ririth drhRlusgades view of
i n understandi ng that -the | ocal i zed pre- heati ng

a podloﬁ%?@céﬁﬁ%ﬁ&%rrﬁlaegﬂ ?v &ﬁ?l ege%:mmggétggldt@’%%d 35 82 2paired

to expa non

fornmed o the d area 2 nd i,s ed w
by weldlrgh JFran@lotst & 15 Peerf aBoltestef ik JEBRCE & r@evobae 5
- forth in F| the non-solidified weld deposit 24
producea yvaltharesum gthoa«e/eﬁél?@ pERserY apptsgtiontalse ﬁenﬂﬁmmame@ezdfrect
1 have not been cooled to the extent where contraction

weldingaff thérdefeat €t wdthouhasneerador any pfeda2iling\rtachinifigr émoae form of
to Fig. 6, there is an illustrated a sectional view

the pregeﬁpeeplmtuomhbhﬁéldtdﬁea\mal ig f@i@m:ﬁlﬁth@%dﬂﬁorﬁa@ﬂt beiaHi®d 10 by a

into weld 25 within the weld area 2 1 set forth in

e e T e

machinirt)g,e}}landqtﬂendlgg Gnd cJS’rurlc>¥ary%ltng. q‘he presen nacp% ’t?orxnn Selpuse r‘5':e ferm

weld area 21 {o refer to the area to be welded on the component or article 10 whether or
not it has been machined prior to welding.

[0027] With reference to Fig. 4, there is depicted an illustrative view of the
component or article 10 where the weld area 10 has been machined. The weld area 21
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 defect 11 or forming
a cladding on at least a portion of the component 10 the present 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 condition.

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

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



in one formis free of cracks associated wth

solidification cracking. Wth reference to Fig. 7,
woOherea113361 | | ustrated a plan view of the wel d B&TfUSRIMEM14595

on the article or conponent1110. [0030] Wth reference

to Fig. 8, there is set forth a block diagram

illustrating one formof a welding process for

o an SRR S4B e R0 TEFIEE, T8 BB s s

one form the weld 25 is free of cracks due
set fortts betein ta aidithe feaderdk URgerstan@ng dhatdha l%fg?élzed @mhﬁ@tmg causes
The weld 25 is forned by nelting the substrate 22

the substratenmbriire2Melrourat the ield eaad 2telp éxpaindd € Heroraddiidified weld
of additional welding material. The additional welding

deposit @@t@rfcbxﬁ*ned'@ﬁ’tlj%ewé@d@@a%rérﬂﬂlst EEhnkst Weh BROSESStrate portion

material forns such but not limted to, wre,
22. In tﬁ%ﬂ%&r@tlb#{qgw sgéc} f{)llltljéknngllr—'lgmédf@ﬁ Bcf)ﬂer-las%)ﬁcﬁlflgwl\%fd B%pOSI 24 and the
substralgghegtio BE 6r@AaLs K BFHEA GRS Moo nGhaos peied tndhe L

© present gfggl ication contenpl ates that the addi ti onal
where caatractia) efdnemateripls hasqeaawsesk i me preci pitation

strengthened alloy, and in another aspect is a

[0029] gamma- pri Wthpreferieptt & Fa 6 theregt arnbubtedtédn sefctibhal view
sane material as the substrate 22. However, additional

represer‘ﬂﬂ h’ég tHE%@IH' @ép%sﬂf%q{é?:eéoﬂdfﬂi@ﬁm% v@ld o5 %\iltﬁﬂﬂthe weld area 21.

| oys are contenpl at ed herein.

ot R, LB P i TETER 0 02 S

pottion 22hhave lcgr%tractgé gg hey coot?.e T\f‘\g r%sgrﬁng welgi 25 is uncompromised, and
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 on the article or component
10.

[0030] With reference to Fig. 8, there is set forth a block 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 cracks due to solidification cracking and/or strain age cracking. The weld
25 is formed by melting the substrate 22-around the weld area 21 and may include the
addition of additional welding material. The additional welding material may be added
during the welding process in material forms such as, but not limited to, wire, powder,
integral filler and/or filler material overlay. The additional welding material may be of

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



is then prepared for the welding operation. The

preparati on may include cl eani ng and/ or machi ni ng of
woOherowebdearea as is determ ned to be necessar ychaseme/014595

upon a review of the defecti21l. The bl ock di agram

descri bing the wel ding process defines the weld area

in block 50. After the weld area 2 1 has been

matoe B AP B BB SRR ST RA i BBl Aoy woloin

' .act 60. In gne form.of the present ﬂplic_tion, t he .

materiat i§rehgrBAE-RIiMer Riegidation skengthgnged ok %ﬁ@@;ﬂmih@rn@spect is a
fixture 16 (Fig. 2) located within the preheating

gammaedtins precidtatiorstesngthendtalioyesfdhe sapms maderiadasdhe substrate 22.
contenpl ates that the conponent or article 10 may not

Howevdreagdiases weldingsvaieiald oibthextypes oratoyesard ¥upesilsyoare
a floor nmenber within the preheati ng chanber 18. The

: : i-ng chanber 18 may be filled with a shiel ding
contem@gf;?ohlgéar%lq. as, but not limted to, Argon. [0032] The

100311 froans suckPBEooe gD e 4 1 Bieberfrsoend be'EPBtbg et i
| aser, and focused | anps. In one enbodi nent, th

~ beam . ( e
determinechandlgetined frr stisenBpntarcts istheuselding eropesef Thaaveld area 21
conponent or article 10 around the weld area 2 1 is
is then mepamedl fosthedvblditg operatibh n§hermrepéradioscaapinotdeasleaning
beam and a scanning el ectron beam A preferred form of

and/or ridthifh§ beRid WelParReeESBARIsPhiRcd b BeatedeeaamyttastaUSON a
the heating of the substrate 22 around the weld area

2
oviow o Be0He 07 s BESAR R AeD A0 e YA i
weld are\%gfwgqilc?fg( ]::t}'\ggf ﬁw%mgféegrtea % ﬁgst E&Lﬁ dé%r%riri]é)c[ art')g ptrehp?ared as
necessary at least a portion of the component is subjected to a preheating act 60. In
one forrﬁ 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 contemplates 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 chamber 18 may be filled with a shielding gas, such as,
but not limited to, Argon.

[0032] The preheating of the component or article 10 is done by means
such as, but not limfted to, inductive, electron beam, laser, and focused lamps. In one
embodiment, the heating of the portion of the substrate 22 of the component or article

10 around the weld area 21 is accomplished by controlling 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

contenpl ates heating the entire conponent or article
waQooefing73pr eheat i ng act 60 upon heating only aPODMUSR@E/014595

of the conponent or article3l0 creates a non-uni form

preheated tenperature. The |ocalized preheating of the

substrate 22 around the weld area 2 1 is nui ntal ned at

nper at ure that dpes not ubstantl cha
conirols 1456 DRATE oGk Ee A Bafing REtectbsHatR 282raiRd i WehSrea 21
Exanpl es of the type of microstructure characteristics
In one fomatthd prereatiobany60riay dynsniderecassittist funciibios tygubstantially
changes, gamma-prine norphol ogy change, TCP

preheat®rgh Potidhicinhe LBRpdheRher ariekend papptd tatwelding act 70.
contenpl ates that the preheating of the conmponent may

tifl fq
~ Howevel il drehdr RniTaMe Q%erﬁ’c ppﬂg%tlizﬁ‘ﬁ&'int@ RREs h%%]ﬁg?gﬁc%‘ entire

eam across the ace eate

const eed I.n. ane n- c
compongPLoERak afe ob o' siled 5 B e e SeedMtin phine
the desired speed and then may be ranped back d0ﬁn
compongnpeledréiele d@ qr@atﬁ&a]@onrtmf@rr@@r@tp%%@dawméat%eif @Hocahzed
. electron beam across the surface is constant. [0034]
preheatihg obies §ursinatd 22 leropne Henwelmbarierc2tt isonaintdised ef edempferature
heating in the preheating act 60 of the weld area 2 1

that doedHét thgsesalbghbstahBalrtHdrigern 2R Witloshrackebf il ewmbbaent or
stress relief tenperature for the gamma-prine

article 1@r E%Hpo%tq%‘?ﬂe g&%ﬁﬁﬂﬁe%(ﬁ{,llrleoaharbae"f‘l’éﬂggﬁ{atfcfbr Bt drdfige

eat e preheating act
may |nclude caﬂ) & rrnan;%ology changes, gamma-prime morphology change, TCP

precipitation.

[0033] The present application contemplates that the preheating of the
component mat/ utilize the movement of the laser beam or electron beam across the
surface to be heated at a constant or hon-constant speed. In one form the nort-constant
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 traverse speed of the laser or electron
beam across the surface is constant.

[0034] In one form of the present application, the degree of heating in the
preheating act 60 of the weld area 21 and the substrate portion 22 will be kept below
the stress relief temperature for the gamma-prime precipitation strengthened alloy. In
another form, the degree of heating in the preheating act 60 will be within a range of
about 600 ° F to below the stress relief temperature for the gamma-prime precipitation

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



about 600 F to below the stress relief tenperature

for the gama-prine precipitation strengthened all oy.
woOnoysati3aaot her form the degree of heating i nPCIAIS2006/014595

preheating act 60w Il be wiithin a range of about 800

F to below the stress relief tenperature for the

gamma- prinme precipitation strengthened all oy.

. Preheat i o St | ef:
wil be w8 bR BhgIL AT Ebiilel e St SRt Riiaflsorthe
m nimal . [0035] The preheating act 60 further .
gammacgie r@;ﬁ@(&éi’@ib@!ﬁ’ﬁwmp&'}ﬁji aliey. ﬂ%&fweﬂ@%bgpwﬁ@mé Rlief
or article 10 prior to welding to tenperatures to and
temperatord edsurgs tHee aaygidigensiopat atangesdf théeogpanenpaienminimal.

precipitation strengthened alloy. In one form the

[0035] Pr eheat i nghadireRBaipanbcidGiuriter keatanmyates cantrolling the heating
tenperature within a range fromabout 600 F to and

of the cgﬁngQh@tme%@' &%rttﬁ rwqumglttp geﬂthﬂg%egqg‘@FﬁgFlﬁg ing the

Cl pi Ion strengthene y.

. t he eheating act 60 controls.the heating,t
aging ey BRaE g1 BIEGaTITe-BMB ROl b HERO Beet Riof Uygne form,
- including the aging tenperature of the garnma-prine
the prehsadispsict g@ contraletaa dierting & alte@peratHie Wining range from about
tenperature will be generally defined as the

600 ° F teeape iredudirey thegaging ibreperathee pfr theigsintragesines précipitation
grow after com ng out of solution in the alloy. [0036]

strengthER&dRIIBHERE JetthrRfhe5Rrmhahs pelidingerm e0ajomtelDfhedteating to a
| east a portion of the conponent or article 10 to a

: Ci ; :
tempers {8 S SEREC ol 8oL 5. bUABLLRR 86 sl foerature of
area .this area,expands as sef forth wth reference.
the gampagpEMeeS PG S anaihened et The ehiaetpetriis 3+ Be
d substrat :
generall;zj1 rc]iefirs1gd Zs [chag t%mperature region where the precipitates continue to grow

after coming out of solution in the alloy.

[0036] ' The preheating act 60 raises the temperature of at least a portion of
the component or article 10 to a desired temperature prior to the welding act 70. By
preheatihg the substrate portion 22 around the weld area this area expands as set forth
with reference to Fig5. The temperature obtained in the weld area 21 and substrate
22 by the preheating act 60 is contemplated herein as not having to be uniform and/or
equal across the weld area 21. However, the present application also contemplates

that in one embodiment the preheating act 60 creates a substantially uniform

temperature within the weld area 21.

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

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



22 by the preheating act 60 is contenplated herein as

not having to be uniform and/or equal across the weld
wanew/12378¢ However, the present application al BOT/US2006/014595

contenplates that in one emnsodi nent the preheating act

60 creates a substantially uniformtenperature within,

the weld area 2 1. [0037] Welding act 70 follows the

preheating act %0 and functions It at | east part T
The weldmgtenré 79uppreTaradly, 8Fe4 gAY 29d §F8lﬂ']%e I 9as: queh &g yoen. The
to formthe weld 25. The wel ding act 70 is preferably

welding act 0 maygnainderthe ingticelotibn@f gaditiosatwelingingderial Tenay rely
wel di ng act 70 may include the introduction of

solely usHlidpapitRy theed siestot 18y ed Beltitg dfethierstbytrate! 24 wrayrahthe weld
repairing the defect 11 by the nelting of the

area 21 S‘T*Hatwﬁ?%lﬂgr 14 ia%ez'ng)xtﬂ tRE Abstrate rﬁﬁﬁerl\é?'ﬂ Wﬂl &fow the

Su strate mat er i al

cpairedShR i e %ﬁﬁ%gfglyﬁéfﬁgé@pﬁﬁ%éa@ BRI Horags o

o original material of the conponent or artlcle The
original metefiahgf ﬁf@tcompm%m%@gﬂcaengﬂ@dwlam d Reradyes & on-
- 24 as shown in Fig. 5. However, as a person of
solidifiecowdidndapositkid &s Bhowhdn &id. Swi Hmwap@r asiaapersohofwatligary skill in
deposit pronptly solidifies just behind the weld

the art will é’;ﬁﬁrecfﬁt@th@e\l'vﬂldr@pﬂﬂt pfemipay sbfidifies ijunglbehpastheoneld front.
ti - pass operat| on and may utilize the depositing of

The We"?”@é?ﬁ”ﬂ@'ﬁ %bstsg?grﬁ?ﬁgﬁ’* SERIAIEAT BRANTAILe the
deposititgLge Fae 4 %%?fﬂsqﬂﬁ SoiEpla SR AR rgper, the

portion of t he conponent or article 10
present application contemplates that there may be mu!t:ple weld deposits that are

deposited adjacent one another to cover or repair a portion of the component or article
10.

[0038] In one form the welding 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 the.term variable there is
contemplated that the speed is ramped up and/or down from an initial speed to a
desired speed. In a preferred formthe traverse speed of the laser beam or electron
beém 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 varied over the weld area. In a preferred form the power is ramped

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



[0038] In one formthe welding act is acconplished by

controlling a scanning | aser beam or scanning el ectron
woeaw1as3st noves over the surface to be wel de®#CT/TIS2006/014595

traverse speed of the | asertébeam or el ectron beam as

it 1s noved over the weld area may be constant or

variable. In utilizing the termvariable there is

cont enpl at t hat t speed is ra d,up,.and/or do .
compofggAralpoteTd Fis spkabe PBrrHeEnt MFdeL i reent8 " Fig. 7 the
_preferred formthe traverse speed of the |aser beam or
weld is dleingt deppsised fiion righhisdeftupn ang exarp!e 6 ragiesmfbabine wak area

geonetry of the conponent or article being wel ded.

21 wouklibé beegiot hehepeiestbetiraepse speednf hentsembeare or ehetirarhbeam
power may al so be constant or varied over the weld

may beﬁ%ﬁvﬁyefd' FhdPtHRf BEWEEANT9TIR e RPUEIN] $n EBAPESE Aifedibn 40 would

d_r man initial sétting or current setting

‘ |

be a refiERHE B R FR RER SRRIER e her M BAr SRR sy be
to Fig. the weJd is bein eposited fromright t

ramped gy aP%Z%%O‘é%ﬁﬁﬁén%? %@?Eﬂepﬁe%ﬁn%mgﬂeéw hgmplates a

_ - would be a reﬁi on wherein the traverse speed of the

wide valriatyeaf indeniiabchanges indiavraenspagd sadmaysdo meelrthetaneray

power nmay be ranped down. In contrast a region 40

requirewentsdob&eldingetieotompenentrortaricler aver se speed of the
| aser beam or el ectron beam may be ranped down and the

[0039] POVET IS VAIPRSetthce BB BESHRTe APRLSIFABH e solidification of the
contenplates a wde variety of potential changes in

¥
weld RS R RRERATEN, ANS Lo ABEh AP oy substate 2
are coo{e%gg y p\%})?@%@%ﬁ%ﬁ :r}ﬁq? a:Wo%l%CZtS. SRé d¥s|223rssee | gb(i)\llé S’et \r/v%‘icF geposit
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 degree of contraction of the substrate 22 have a difference, but it is small enough

that there is not caused any weld cracking due to the solidification. In one form the

resulting weld 25 is free of solidification cracking.

[0040] The present application contemplates that after the solidification act
80, the article or component 10 with weld 25 may be subjected to a controlled thermal
process to vary the microstructure of the weld. In one form the microstructures

contemplated herein include polycrystalline, dendritic, directionally solidified or singie

crystal.
[0041] With reference to act 90, there is illustrated a post welding act heat

treatment process. Typically, the weld 25 is thermally cycled in act 90 prior to a non-



wel d deposit 24 into the weld 25. The wel d deposit 24
and the surroundi ng substrate 22 are cooled to all ow
weabietiiiizeati on into a weld 25. As di scussed abovaistine/ 014595
wei d deposit solidifies justt? behind the weld front. As
the wel d deposit 24 and the surroundi ng substrate 22
"cool they contract. The degree of contraction of the

Lt d e r - C racti.on .
destrudfierSERaBh ook o, T HETRIREE AlnglORb W RpRh ol Fay tiom
-that there is not caused any wel d cracking due to the
cracks $g) tfwat ey §13y0he [dentinaa by SheoReIoSList v HgPRetien SBeration;
free of solidification cracking. [0040] The present
induce afaiin eg¢ crackiogrit it igpdcing $0 toatr sicrethat the sai-ddstriictive mspection
act 80, the article or conponent 10 with weld 25 may

operatibg camhiestifel; 4fd proviy sehbetbdrbgoietresy asties sudPthermb additional
the mcrostncture of the weld. In one formthe

cracir SRS PERSSSHL Y B BSOSt 4805 10 o prepent
, i ngl tal. [0041] Wth f t t, .90,
appiicafiyn J4 Ustfpilodt e IO i & gt B Ad HaHEEhen
~_process. Typically, the weld 25 is thermally cycled in
[0042] act 90 pri®@re nenANHHBEXEMEE PlRaaR e Ythred po patvistem to
The thermal cycling process: will open up any tight

" repair ecearoenard wilhbe deseyberhwitbeefatence ta 8 gabyuthires engine blade
non-destructive inspection operation; induce strain

formed @@ ¥13eddidrali Thietddfsctdr ithd blaieowas resaiedd ihalveldifg system
non-destructive i nspect I on oper ation can identi fy It;

includin§ 1506 RekiEAG R, HEM L Wset! MARPpILAL! fBatdPby 8anning
ditronal cracking w occur during subsequent
the welé Igzreéarr\%th KRS ggémy\éllhde 5a5ra|rr?ettepsea§)sro%7¢’a(?gé with the laser 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
about fourteen inches per minute; and the power was 85 watts. During the preheating

operation the preheating chamber was flooded 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.welding operation additional
welding material, In 713, was delivered at a rate of 0.025 grams per second. The
welding was performed under a shielding flow of the Argon gas delivered at a rate 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 blade at weld area about 0.010

— 0.020 inches, scanning pattern was a square stitch at a speed of seven to twelve



application is unconprom sed and in one formis free

of strain age cracking. [0042] One non-limting
weoexersnligr3ef paraneters utilized in a system t OPCENSR006/214595

conmponent will be described8with reference to a gas

turbi ne engine blade fornmed of In 713 material. The

defect in the blade was repaired in a welding system

R
weld waReRPARE G o RABTENBS HAGn 6 eaéfe%edy@f‘tﬁﬁi%‘%g'%traversmg

t he surface; beam Size on bI ade about 0. 020 inches;
the surfsanmas gapRed eprantdoven Withisathealeys speetisangeiand the powere
fifty-six tines at a speed of about fourteen inches

was ra@ed ipaidedowndvithie tHeosesvewssw@oranget s. During the
preheati ng. operati on the preheating chanber was

[0044]‘c ' ooded V"'W?\J@"rhé We‘htlélﬁ‘%asWe@ﬁﬂllu%éd‘%@@%@@r%éd% detall in
e power and traverse speed were constant. 43] The

the drawﬁpsrﬁrg%@gg q{agﬂfets#];ﬁt o?'hzn §%ﬁ§ a{? %158 rcﬁg%ggpéd %"\rllr&%tratlve and

- the wel di ng operatjon add|t| al te
ot rosbghee e e ek B aoed Bt e SL Ao hens
second. The wel di ng was perfornmed under a shieldin
have bééroshain ehd dasgdbed asd diedtialerhemges andrmodifieaticitsoliiiat come
fifty cubic feet per hour. The parameters associated

within tMé Epirit BetHedaeentibHY d1e ddsteted dengotrtad. kehalldbduhderstood
the surface; beam size on bl ade at weld area about

that whge%- ?feg%s% Qf \ggébéeﬁgfﬁg?e pif&aBid} %ré’@fékﬁ{/ [}%ﬂﬁ@%&?‘qﬁéﬁf Péeferred

seven to twe

- utilized %ﬂ&eﬁcg%eqﬁp Lpfve e} ab3ve iinndugaqg HhAHE fé);tullep 90 d%sé]‘?ooedv\@\taglsbe more
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 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
claim to only one item unless specifically stated fo the contrary in the claim. When the

language “at least a portion” and/or “a portion” is used the item can include a portion

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



wel d was free of defects. During the welding act the

speed of the | aser beamtraversing the surface was
woaopad3sp and down within the above speed rangeTansgnos/014595

the powere was ranped up and down within the above

power range. [0044] Wile the invention has been

illustrated and described in detail in the draw ngs
What i®efhif@gggoi ng description, the same is to be
considered as illustrative and not restrictive in

character, it being understood that only the preferred
enbodi nents have been shown and descri bed and that al
changes and nodifications that come within the spirit
of the inventions are desired to be protected. It
houl d be understood that. while the use of words such ..
£o° prbmea oF WHERa A yclbtRer BEa G aiThe ereisiaion
: utilized in the description above indicate that the
strengthangdalleys@raerddPgbed may be nore desirable, it
nonet hel ess may not be necessary and enbodi nents
| acki ng the sanme may be contenplated as within the
teatipg agfortidreof theearticlentp a temmrapee bdihirga dahge&dmrbgbotie500° F
clainms that follow. In reading the clains, it is
to and in6luGREeRe hFinb tehpieramrslsf frecdliogsthedportioAmcluding d wakl area;
one," or "at | east one portion” are used there is no
intention to limt the claimto only one item unl ess
v\%ﬁcﬁﬁg fak febt ¥ g%%rfgf {3 WO LFeaLHBF ¥aigrhéé?iﬁg% Z‘Jrc@&iué@j&'ﬂveld
the Tanguage "at [east a portion” and/or portion

de osit'i ) I.used the itemcan include a portion and/or the
posiL, ire itemunless specifically stated to the
contrary. What is clainmed is: 1. A nethod for welding

an article forped of a ga -prine precipitation
cooling the art?cle to form a weld %har{rzrgfrge of soﬁdi?icat?on crac%ng.

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

heat treatment 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 1, wherein said heating only heats a portion of the

article, and said heating is not isothermal.



strengt hened all oy, conprising: heating a portion of

the article to a tenperature within a range from about
w6QWeA1316and i ncl udi ng the agi ng tenperature BETISE006/014595

alloy, the portion includimg a weld area; welding at

| east a portion of the weld area after said heating to

produce a weld deposit; and cooling the article to

forma weld that is free of solidification cracking.

2. The method of claim1, which further includes

subjecting the article to a heat treatnment act after

aid | di wherein t. IS fr ; LD

ge. ol et ap e FhAsy SeEheaiiy S EeoFhuSe kD
of claim1l, wherein said heating does not

controllingi st PedMyaeRange the microstructure of the

article. 4 . The nethod of claim1l, wherein said
heating only heats a portion of the article, and said
wheteimsgid welding isactmmnplighes by Teriretindibe laserdheam 1,
wherein said heating is acconplished by controlling a
| aser beam and wherein said welding is acconplished
by controlling the |aser beam 6. The nethod of claim
1, wherein said welding is a single |ayer process. 7.

gThe me{haeinel &lcim 4, whbRiresaidSabldingas & diSgleSafer process.
mul ti-layer process. 8. The nethod of claim1, which
further includes adding additional naterial

7. The method of claim 1, wherein said welding is a multi-layer process.

8. The method of claim 1, which further includes adding additional material

during said welding to produce the weld deposit.

9. The method of claim 8, wherein in said adding the additional material is a

gamma-prime precipitation strengthened alloy.

10.  The method of claim 1, which further includes subjecting the articie to a

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 substantially change the microstructure of the

article;



during said welding to produce the weld deposit. 9.

The nmethod of claim8, wherein in said adding the
weaddictiiemsal material is a gamma-prinme precipit ACTWIS2006/014595

strengt hened alloy. 10. Theilnethod of claim1, which

further includes subjecting the article to a heat

treatnment act after said welding; wherein the weld is

free of . ' - ter. sai T
it Méaied Bl B SRR BBt =L b8fhestig s ro
change the mcrostructure of the article;wherein said

isotherra@la@Nég only heats a portion of the article, and said
heating is not isothernmal; and wherein the alloy is a
wiierbiasbd aopér a &ilbaged Supemaloymet hod of claim 1,
wherein said heating is acconplished by a | aser beam
and wherein said welding is acconplished with the
| aser beam 12. The nethod of claim1, wherein said
heating is a dynam c non uniformact; wherein the

rei | : - i
R R S o
area to define the weld area. 13. A nethod for wel ding

beam; a0dyayma- pri me preci pi tation strengthened all oy

wherein said welding is accomplished with the laser-beam.

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

wherein the article includes at least one defect area; and

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

area.

13. A method for welding 2 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, said heating

expanding the substrate portion;

welding at least a portion of the weld area after said heating to produce a weld

deposit; and



conponent, conprising: heating only a portion of the

conponent to a tenperature below the stress relief
woeopanatssr e for the ganma-prine precipitati onPCT/US2006/014595

strengt hened all oy, the por®ion including a weld area

and a substrate portion | ocated below the weld area,

sai d heating expandi ng the substrate portion; welding

l): io f e frer..sai et'n

aéoo&ﬁ@%%@eﬁﬂ"%\&a R T e

n the difference in contractlon bet ween the wel d -
deposa@;s@sth@ sag%tr@tﬁdo%ﬁgtdpss 8opeRySeotligdicstian s

solidification cracking. 14. The method of claim 13,

wherein said heating is within a range from about 600

F to belowthe stress relief tenperature for the

gamma-prime precipitation strengthened alloy. 15. The

et hod hefmethaidraficlaimM®neharefrasald heatihg & whikihuslesnge from about
controlling one of a scanning | aser beam and a

600 ° ﬁ?@BBI‘oGﬂth@'sﬁ%%QBl@eﬁ@m e?@cureT\‘B‘?tﬁggﬁg‘}é)@nﬁ{e%r@cﬁbatlon

wherein said heating Is acco ontroll

| aser beam and wherein said welding is
Strengﬁ‘%@%ﬁﬁqgghed with the | aser beam 17. The nethod of

claim 13, which further includes subjecting the

article to a heat treating act after said welding, and

wherein the weld is unconpronm sed by strain
15.  The method of claim 13, wherein said heating includes controlling one of a

scanning laser beam and a scanning electron beam.

16.  The method 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 article to a
heat treating act after said welding, and wherein the weld is uncompromised by strain

ége cracking after said heat treating.

18.  The method of claim 13, wherein said heating does not substantially

change the microstructure of the article.



age cracking after said heat treating. 18. The nethod
of claim 13, wherein said heating does not
weubwiiastssal | y change the m crostructure of theCcT/US2006/014595
article.19 . The nethod of 8laim 13 , wherein said
heating is a dynam c act and the conponent tenperature
i s non-uniform wherein the article includes at |east
[
he a?ﬁfez@sf%?ﬁ%f 'e‘ﬁ? e S8 RED fhg R BLlend the
. '[ %m_o a#mls wherein said heating is
Compwe%ﬂ#?fnaeﬁa SéSPPBrH'%BBmt 600 F to bel ow the stress
relief tenperature for the g prime precipitation
swhesait thersiiclalindydesiidleasino %d@feﬁ%ﬁﬁeian gndl's
acconpl i shed by controlling a scanning | aser beam
whigicle furttesiitlwed dimaghininatheoaipbast lvee defeti arbe td aledne the weld
beam which further includes subjecting the article to
a heat treating act after said welding, and wherein
the weld is unconprom sed by strain age cracking after
said heat treating; and wherein said heating does not
substantial ly change the mcrostructure of the

%@t | Cl&%ﬁdﬂﬁf}lﬁp q#g &4 Fy}’q{ﬁ‘d'g,el’{)g@lg %egﬁnga I \}v%lg d Parnrb%dfrom about

600 ° F to below the stress relief temperature for the gamma-prime precipitation

area.

strengthened alloy;

wherein said heating is accomplished by controlling a scanning laser beam;
wherein said welding is accomplished with the laser beam;
~ which further includes subjecting the article to a heat treating act after said

welding, and wherein the weld is uncompromised by strain age cracking after said heat

treating; and

wherein said heating does not substantially change the microstructure of the

article.

21. A method for welding an article formed of a gamma-prime precipitation

strengthened alloy, comprising:

preparing a weld area in the article;



strengt hened all oy, conprising: preparing a weld area

in the article;dynamcally heating only a portion of
woOhercansizel e to a tenperature within a range fprPomuabmeni4s9s

600 F to and including the 2agi ng tenperature of the

al l oy, the portion including the weld area; welding

upon the weld area after said heating to produce a

mb%mt a?ﬂe%ﬁnﬁ?g%ér EPISHR‘JQ\ SitRe Welide Q?Q‘?éhbeﬁa@urfe%flghiﬁ a range

isu m sed by solidification cracking;

from B QaT & b £ e SqiPade Ry tenR Sl ¥ pEen
strain age cracking. 22. The nmethod of claim2 1,
includipg drewgeldaied: heating is acconplished by controlling a

scanni ng | aser beam and wherein said welding is

acconplished with the | aser beam .
welding upon the weld area after said heating to produce a weld 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

uncompromised by strain age cracking.

22.  The method of claim 21, wherein said heating is éccomplished by

controlling a scanning laser beam, and wherein said welding is accomplished with the

laser beam.



