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conditions (e.g. greater than 2000°F). These jet

engine parts may require welding processes during the
manufacture of the components, or after seeing engine
operations and require repair as a result of wear and
cracking.

As a result of these high temperature demands
these components often are manufactured from
superalloys containing a gamma-prime phase. One
particular problem with the gamma-prime precipitation
hardenable alloys such as R’80 is the inability to weld
or clad these alloys with like or similar alloys
without encountering cracking and high production
rejects.

Because of the welding temperatures and stresses
involved, these alloys encounter shrinkage, stress
cracking and the like. Due to the difficulties in
welding these specific superalloys, there is a need for
a process by which gamma-prime precipitation hardened
alloys can be welded consistently without cracking with
similar or parent metal alloys. U.S. Patents N
5,106,010 and 5,374,319 disclose such a process which
preheats the weld area and region adjacent to the weld
area to a ductile temperature and maintains such
temperature during welding and solidification. U.S.

Patent 5,554,837 discloses carrying out an interactive
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the weld; and raising the temperature of the welded
article to a stress relieving temperature, followed by
cooling the welded article, preferably cooling at a
rate of at least 100°F (55°C) per minute, to below the
gamma prime precipitation hardening range to minimize
gamma prime precipitation.
Brief Description of the Drawings

FIG. 1 illustrates a laser welding system useful
for carrying out the laser welding process.

FIG. 2 is hot tensile data showing ductility (6)
versus temperature for IN 738 LC.

FIG. 3 is hot tensile data showing ductility (&)
versus temperature for Rene 80.

Detailed Description Of The Invention

This invention provides a process for welding
superalloy articles, particularly gas turbine engine
components including blades, vanes and rotors. The
superalloys are nickel and/or cobalt based superalloys
which are difficult to weld by state-of-the-art
processes. These superalloys include equiax,
directionally solidified and single crystal alloys of
gamma-prime nickel base precipitation hardened alloys
and carbide strengthened Co base alloys. Generally,
the gamma-prime precipitation-strengthened superalloys

contain titanium and aluminum in a combined amount of



and carbi de strengthened Co base alloys. Generally, the gamma-prine

preci pitation-strengthened superalloys contain titaniumand alumnumin a
conbi ned veoousits2of WO 01/ 87528 PCT/ USO1/ 40155 - 3 at | ep€T/US0IBWISS5%

Sui tabl e superal | oys include R 80, DSR 80h, R 108, IN 738 LC, R 125 Hf,
DSR 142, R N4, R N5, Mar-M 247DS, In.7%2Hf, CMSX-4 and In738LC. The

nom nal conposition of sonme of these superalloys is described Table 1. In
the directionally solidified (DS) alloys there are trace el enents added as
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is such that they melt at a lower temperature than the
remainder of the base material. If the grain
boundaries then cool too rapidly they fracture.
Metallurgical evaluation of weld samples has shown that
parts welded using typical CO2 laser parameters suffer
micro-cracks at the grain boundaries. In some cases
the micro-cracks remain small. In others, they tear
open and can progress completely through the new weld.
Larger cracks can often be individually repaired.
However, experience has shown that the more often
welding is attempted on a specific part, the greater
the probability of generating additional cracks. The
increased probability of cracks is caused by the
initial laser weld procedure, which generates micro-
cracks at the grain boundaries. Even if the micro-
cracks do not initially propagate, they remain present
as crack initiation sites with a very high likelihood
of enlarging during subsequent weld or heat treatment
operations.

The superalloy article (e.g. a vane or blade) is
preheated, preferably using an induction heating coil.
During this preheating stage the entire weld area of
the superalloy article and region adjacent to the weld

area is heated by the induction heating coil to a



operations. The superalloy article (e.g. a vane or blade) is preheated,
preferably using an induction heating coil. During this preheating stage
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Materials In738LC and Rene 80" authored by N. Czech et
al. (Proceedings from Materials Solutions ’'97 on
Joining and Repair of Gas Turbine Components, 15-18
September 1997, pages 7-10). Critical to the process
is that the part temperature is closely controlled at
this temperature range during the weld process. In
FIG. 2 the hot tensile data for In738LC shows a maximum
ductility temperature range for the alloy of from
1800°F to 1900°F (980 to 1040°C) and in FIG. 3 the data
shows Rene 80 with a maximum ductility temperature
range of from 1925 to 2100° (1050 to 1150°C). The data
for Figures 2 and 3 is taken from the N. Czech et al.
article. As the hot tensile data demonstrates in
Figures 2 and 3 the ductility of the alloys is
significantly reduced at temperatures below or above
this optimum range. The maximum ductility temperature
range will generally be found within the range of
i400°F to 2100°F (760 to 1150°C).

Critical to this process is to maintain thermal
equilibrium before, during and after the
welding/cladding process, leading to less severe
thermal gradients across the weld/adjacent base metal
thus reducing residual stresses and subsequent

cracking. The reduction of thermal gradients lessens
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The entire weld area and region adjacent to the
.weld are heated, by induction heating, to the ductile
temperature. The region adjacent to the weld area
being heated is at least sufficiently large to be able
to encompass the heat affected zone, preferably larger.
The heat affected zone is defined as that portion of
the base metal which has not been melted, but whose
mechanical properties or microstructure have been
altered by the heat of welding (see Metals Handbook
Ninth Edition, Volume 6, ASM, 1983). Generally this
adjacent region being heated is at least 0.25 inches
preferably 0.5 to 1 inch from the weld.

Once the article has been preheated to the desired
temperature the laser and powder feed are engaged for
welding. The radiation from the laser forms a small
molten pool of the substrate as the powder from the
powder feed is dispersed over the molten pool and
welded (clad) to the part by the laser beam. The
solidification process is precisely controlled by the
radiation of the beam and the heating energy imparted
by the induction coil and relative movement of the beam
and the article to control the thermal and resulting
strains and stresses to form a crack-free weld during

and after the solidification process. During



Once the article has been preheated to the desired tenperature the |aser
and powder feed are engaged for welding. The radiation fromthe | aser
forms a sm@bi/g7seol t en pool of the substrate as the powder PET/ORVI40€55 powder
feed is dispersed over the nolten pool and welded (clad) to the part by
the | aser beam The solidification progess is precisely controlled by the
radi ati on of the beam and the heating energy inparted by the induction
coil and rel ative novenent of the beam and the article to control the
thermal and pesubtiimg, $theaiont imld skeldssewat dsf mhmaadedadk: amee wel d

) 091200 dhket bhe Sal il heghl 89 Beagesy, (NG OIS,

PCT/ USO1/ 40155 6 —oper.ation ticle weld area i's shrou
inert gas (efge QM%W%QH%WZL@@ sraERMEgafiPnTiofe thehdasgi dat i on and

oxi de cont amsﬂﬁblraﬂl@fy tahr@ t:aaqersuﬁ@aal QY AN Iiddreauratal tald oy powder
during the ea{EﬁP g well I ocess. The tenperature of the weld area
u t

is controlle CES§5Cn spite of added heat fromthe
| aser beam by usi mgeamemmiaxealumybcﬁneher wafiligh afx%dti&:lcon\t(ﬁotlagel | oop

(arer oot er Lngabhalld fad g%cg%ctlwgsgl@%gtremd%s Be o SR o ng

t he maxi num duct rature ran during
wel di ng and $8bBedi bﬁ@aft |bo’n Ugdsi Ba bptakpietpyweimditieg wn&ilt fieppipe.ckl n

addi tion, theoheh EOMRIRY ﬁﬂﬁ%%%'ﬁerl)og%t%ﬂtlﬁ%lgs chiae ﬁ@tmtg%n( heat up)

rate prior to we %and the ranp down (cool down) aonce has been
conpl et ed. Tﬁte%tﬁffehe ﬁ%@%’%éés@rﬁé‘ﬁﬁéég 1§t F@@s@%ﬁ@%ﬁ&@l’éﬂﬁ@tﬁ’r om

wel di ng and abhp&&atﬁﬁeb&$®g65@ﬂﬂr&bh@in@rthE@A@OI@%gba%©&1W§|ded (C|ad)
with a powde i

.| | ]
ganma- pri ne p?%%ﬁﬁ‘%{gﬁ%gﬁo\sﬁfié%df:ﬁggggo rﬁlﬁ’giéll %{?\%gn%&éi&&ﬂ y a powder
al | oy can beheati iinped .whilgh aldsll$ubst,aruhiealih3fetdmmat@me (f=edbecil | oy

loop) controls the ramp up (heat up) rate prior to
welding and the ramp down (cool down) once welding has
been completed. This preheating process reduces
stresses and cracking from welding and allows the base
superalloy article to be laser welded (clad) with a
powder alloy feed which also comprises a superalloy,
i.e. a gamma-prime precipitation strengthened
superalloy. Advantageously a powder alloy can be
utilized which is substantially the same as the alloy
of the superalloy article. The reduction of stresses
and cracking therefrom is especially needed when
welding a directionally solidified superalloy with a
gamma prime strengthened alloy due to the
susceptibility for cracking along grain boundaries.

After the weld process is completed but prior to
cooling, the weld area is heated to a temperature high
enough to allow a full stress relief to take place.
The stress relief temperature is typically in the range
of 1900°F to 2100°F (1040 to 1150°C), determined for the
specific alloy. The weld area is held at the higher
temperature for a period of time sufficient for all
residual weld stresses to dissipate.

The cooling is controlled to reduce stresses
induced by uncontrolled cooling which can induce
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samples are required, with each sample in the solution
heat treated condition. Typically, solution heat treat
temperatures are in the range of 2200-2300°F. To
prepare the samples, the sample is held at the
solutioning temperature for the time specified by the
manufacturer. To generate the time-temperature-
transformation cure, each sample must then be quenched
in argon to an intermediate temperature, typically
between 1400-2000°F. The samples are held at that
temperature for a set amount of time before being
quenched to room temperature. A large number of
samples are processed per this procedure using
different intermediate temperatures and holding times
to create a "map" for each alloy. After completing the
heat treatments, each sample ig metallurgically
evaluated for the presence of gamma prime. The
information is transferred to a plot of temperature vs.
time, where the time-temperature-transformation curve
is drawn as the boundary between areas on the plot that
show gamma prime and those that do not. The time-
temperature-transformation curve is used to determine
the critical cooling rate for each alloy which is
required to keep the alloy out of the range where gamma

prime precipitation occurs to prevent the stresses
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The laser welding of the article is controlled
through use of a computer numerical control (CNC) means
which controls the laser, powder feed and motion system
on which the article is fixtured. Extensive
programming and parameter development corroborated by
metallurgical analysis is required for a
metallurgically sound fusion bond without cracks.

The control means includes a vision system which
digitizes the article configuration in order to drive
the motion system holding the article beneath the
focused laser beam and converged powder feed.

The control system permits efficient and
economical operation of the process allowing a variety
of complex configuration to be welded. The vision
system which is employed sets a precise path for the
laser welding system which is individualized for the
weld area of the particular article being welded. This
is accomplished with a computer numerical control
utilizing a program for the article, but with the
precise path set by the vision system. After the
article is secured in its fixture, the height is
checked to ascertain the build-up needed during welding
(cladding). Then after setting the contrast of the

weld area, the camera of the vision system views (i.e.



on which the article is fixtured. Extensive programm ng and paraneter

devel opnent corroborated by netallurgical analysis is required for a

met al | ur gv@ais¥p2sound fusi on bond wi thout cracks. The conP€DUSHBAMNSS

i ncludes a vision systemwhich digitizes the article configuration in
order to drive the notion systemholding-the article beneath the focused
| aser beam and converged powder feed. The control systempermts efficient
and econom cal operation of the process allowing a variety of conplex
confi gurati ohakesbe wektede Tli¢ vhei erldspstemawd digisieerpl dyed sets a

preci se path g rphggyi%gS@Ea@gh P9 S %&g mg@_cglt%hlndEV|dggllze% for the

wel d area of t e par artrcle b I'ng 'S accghﬁﬁlshed
with a conpuPeinggnehiehl agennuerigeilllyzicegvarpedgpanvidinghe article, but

with the pr@&b@@s@aben%%hram bﬁ%hVE%EOQh%Y§B%Ek ALt €616 B f%%t %!e i s
secured in its flgture is checked to ascertain t d-up

|
needed duri n§PRER: Fﬁgweééléﬁﬁﬁngf thReRTaiCdr -sePflRy the @6ﬁ@r&§t of t he

wel d area, tbetcanhéaaatlbne ﬂtiﬂmnlﬁyst%nﬁwkﬁW§eCllé tﬂ@hO#&&E@&S
PCT/USOl/401g Pﬁ plct re o tlzes its
raC|ng

peri phery by glﬁgrlgﬁeﬁy'ﬁ 5 3F§F5IWF33&F9 SBP%F§ Wifi ch are

nureri cal | y wbsreinetdhpr petdi ng shepilesiese isopreniedlpasktf dort herikaser to
fol I ow for ta@tl%@@mfsec%gg ea@apafthha% gﬁgeagglgf*gg@rﬁwe cpath is set,
s then place to

the article still inits fixture e notion systen1of
the | aser weFBFRgLaFparkiqse  whersi Waghe PREHTSf ibhEhraweddisgpreci sely set

for this arbk@b%ssBaﬁaU&édhb@dp&bﬁhhﬁlﬁ@eQbs%'ymﬁ@llﬁér henaspegific
article, less waste.occurs.in the wg% g rocess and reduced machi ni ng
Fr &§eLahSe

(e.g. miIling® gFRHAFRG) SUPSSREGH Rert™PNEr 868 renpve excess
wel dnent. Aswalpaehicul as adpartigelawbsegaentge subsequent

machining can also be precisely controlled by utilizing
the same fixture and control parameters for the
specific article as originally set by the vision system
for the laser welding. This reduces requirements for
subsequent measurement and control which increases the
efficiency of the process.

The motion system whose path is set by the control
system is at least a 3-axis, preferably a 4 or 5-axis
motion system to provide the detailed motion required
for various complex welding area surfaces. The 3-axis
motion would be along the X, Y and Z directions, the 4-
axis motion for more complex flat surfaces would
combine X, Y and Z directions with rotation (see Figure
1), while a 5-axis motion for contoured surfaces would
combine X, Y and Z directions with rotation and tilt.

Suitable lasers include those known to those
skilled in the art including a CO, laser. The power
density of the laser may be between 10° watts/in? and
107 watts/in? with a beam spot size in the range of
0.040 to 0.150 inches. The powder alloy feed is
operated to deliver a stream of alloy particles
generally -120 to +400 mesh at a rate of 5 to 15
grams/min. With the laser weld speeds of lessg than 10

inches per minute, preferably 2 to 4 inches per minute



machi ni ng can al so be precisely controlled by utilizing the sane fixture
and control paraneters for the specific article as originally set by the
vi sion sywoens7stor the |aser wel ding. This reduces requi r PAEUEEL/400F5
subsequent neasurenent and control which increases the efficiency of the
process. The notion system whose path-i gpset by the control systemis at

| east a 3-axis, preferably a 4 or 5-axis notion systemto provide the
detailed notion required for various conplex welding area surfaces. The
3-axis noti ch;rhla/\dlalsarb@oaileanglttiﬁdzkd \r[sarﬁ:l:oih diof ecd i DOS watdtes An?axi S notion

ot alion (s D g oo pit ot ety BTR AR Bl F6st b Sidos |

rotation (see Figure axi's m)tl on o) ces
woul d conbi mEnxtey and z di rectl ons with rotation and tilt. Suitable

l'asers include those known to those gyglfdiled in the art including a C2
| aser. The power density of the |aser may be between 105 watts/in2 and

107 watts/in2 witR FSCOEN §He0ssiigh rPrteﬁ@Urr&n&élr@ﬂneObd@@@t &a® 150 i nches.

The powder alhroycheed ifor epezated 'EI(hed]EHlla%r wassbra@sa:qufonalﬂr@bx%qrth l C: es
generally -1 Q.nmesh.at a.,rate.of 5 ith the | aser
wel d speeds %g ﬁ%ss?igﬁé’ri 1%&1@, SRS B cr‘ﬁari-r&fﬂgs B’Fg % 4 inches
per m nute W\Oedv&E528dPCHeUSat/eddEds cavitlest Iwerieasﬁleapmﬂar athd i zed is
from 104 to 36qealbs/ 's'%%ft FARUE d%gg% ool LBkl Jhanl Lo O

grans per m nute. e high pressure turbi ne ade was
processed foFSrésd] lcycﬁﬁe bEa@elagh snateati of G’Ifr‘asl peeneld f738Lche [tgp The

ext er nal coablfn@&evv@rlad@heme@@hhﬂg d @Tewed raRg kherRker nalpLavities vere
cl eaned. The bl ad sen tth h a typical v cuum re-wel d stress
relief cycl e "B 5& érnl | SR ﬁll‘(?mkjtl & i ﬁp were cleaned

and pollshed using carblde burrs in manual die
grinders, along with the periphery of the area to be
welded. The blade was placed in a purge box so that it
could be completely immersed in a protective argon
atmosphere. An induction heating coil was placed
around the blade tip. Based on published data, the
optimum weld preheat range for Inconel 738LC was
determined to be in the range from 1800° to 1900°F (980
to 1040°C). Temperatures above or below this range
would significantly decrease the ductility of the
alloy. The set point for the sample blade was 1850°F
+/- 25°F (1010° +/- 15°C). The blade tip was heated to
1850°F (1010°C), and allowed to stabilize at that
temperature. The blade tip was then manually TIG
welded using Inconel 738LC rod. After the welding was
completed the blade tip temperature was raised to
2025°F (1107°C), a temperature sufficient to allow a
full stress relief of the weld and adjacent areas. The
blade tip was held at the 2025°F (1107°C) temperature
for 15 minutes. The blade tip was then allowed to cool
to room temperature. The initial cooldown from 2025°F
(1107°C) to 1200°F (650°C) was accomplished in
approximately 6 minutes. The blade tip contour was

then restored via interactive laser welding with



of the blade, leaving a clean flat surface. The exposed internal cavities
at the blade tip were cleaned and polished using carbide burrs in nmanual
die griwenss75a8 ong with the periphery of the area to bePCwesdle®155The

bl ade was placed in a purge box so that it could be conpletely imrersed in
a protective argon atnosphere. An indugiion heating coil was placed

around the bl ade tip. Based on published data, the optinmmweld preheat
range for Inconel 738LC was determned to be in the range from 1800F to

1900F (980 tigdle4Q6h pI@Hé%ftﬁtU@ﬁilamV@o@t Q)@l@/vvtahﬂlﬁm{@i&% woul d
S|gn|f|cantl)é\}6§gl rea e the duc of the al | The set point for the

sanpl e bl ade Ffuopseren Tﬁ’@nﬁﬂ%@ql p was heat ed
to 1850F (1(1b@s©)eptamh @Iﬂ ctnkmlvteddstaaﬂ Iajdz]ac@tntt hateast evaper at ure. The bl ade

tip was then corrp?t“t taho l“getq‘[g‘sllg‘g’ 1311% %%ltlo%8lb t%d %f tder t he

wel di ng was ture was Tdise 2025F
(11070, a téﬁ@eraﬂ@ﬁebél@fdfel dilé?ntwatso téﬂelrb\ﬁe@tlpalleld dtaress reI [ ef of the

wel d and ad] %%atn@&%%aﬂ%aﬂysa@,e t i \&%chk%% 3l ttf?Fe %%%%F Jr1107C)

tenperature for 15 _mnutes. The blade tip was then allowed to cool to
room t enper ab@eE. SFREY Wes O IS¥FARSH raélﬁﬁ ?@25!’5‘@ AREPRSE 198 1200F (650C)
was acconpl i shegaitionapproxi mately 6 m nutes. The bl ade tip contour was
then restored via interactive |aser I dilng with WO 01/87528 PCT/ US01/ 40155
- 11 induction preheat. A final poé"-‘,\gv}@-@—vaacuum heat treatnment was
performed. Fl uor edcéritspemstasnthidngpessume ohridiaemdledendaad] acent ar eas

vas  perfor Medooalang Wolh A | NSRRCET ARl atsh%a@ﬁg%eroﬁ ooy bl ade

tip was then~secti oned tal’l urgi cal “anal cklng in the weld

or base al | dy8h&s afléeerd dJﬂ%@Wn@fl F@étllﬁgﬁe&’ﬁr@n chepecatlilons.

removed and internal cavities were cleaned. The blade
was sent through a typical vacuum pre-weld stress
relief cycle. Eroded material was ground from the tip
of the blade, leaving a clean flat surface. Thermal
fatigue cracks on the airfoil walls at the blade tip
were notched. Fluorescent penetrant inspection of the
notched areas was performed to ensure that the cracks
had been removed. The notched areas were cleaned using
carbide burrs with manual die grinders to prepare for
weld. The blade was then placed in a purge box to that
it could be completely immersed in a protective argon
atmosphere. An induction heating coil was placed
around the blade tip. Based on published data, the
optimum weld preheat range for Inconel 738LC was
determined to be in the range from 1800°F to 1900°F (980
to 1040°C). Temperatures above or below this range
would significantly decrease the ductility of the
alloy. The set point for the sample blade was 1850°F
+/- 25°F (1010 +/- 15°C). The blade tip was heated to
1850°% (1010°C), and allowed to stabilize at that
temperature. The blade tip was then manually TIG
welded using, Inconel 738LC rod. After the welding was
completed the blade tip temperature was raised to
2025°F (1107°C), a temperature sufficient to allow a



Exanple 2 A first stage high pressure turbine blade was processed for
repair. The bl ade was cast fromlInconel 738LC alloy. The external coatings
wer e chewa@ai/g3s28 renoved and internal cavities were cl eanpdr/UStigtiisade was
sent through a typical vacuumpre-weld stress relief cycle. Eroded
material was ground fromthe tip of thexblade, |eaving a clean flat
surface. Thermal fatigue cracks on the airfoil walls at the blade tip
wer e notched. Fluorescent penetrant inspection of the notched areas was
perfornmed tofedduséresast ndidedr adkshehae loeemndr enigwedntT e aast.chathear eas
were cl eancdyiskRg L iEALAIABA Lt hlh FBBUA (P4 6,401 RdGE.Le prepare for

wel d. The bl ade was 'aced 1 n purge
conpl etel y i fmir éédmlﬁl@e@r ot &I ‘béadﬁgﬁﬁp weso Sieey @1 laweidhdectciood heat i ng

coil was pl a@@dro@ﬁpt&réqqﬁe%tl@llx%de R 1Based10RRHRIGwehed HARbagsbhe
opti-mum wel dégreh @t ran Qr Inconel 738LC was_ determned to be in the

range from 1866R7t 1"9%0]?:2?@% (659° Q4R . 2qeriyet b8 ig@siBbove or bel ow this

range V\DU|da§>p@‘ﬁ>b<f1tr@1QlétL|yy dedrease .t hendughialbie ¥ i cUi*ﬁou&l ey The set
point for th +/- 25F (101Q +/- g . The bl ade

bl ade _was .1%50F
tip was heat g& “to ef§§5lg%(ei’dfoé)n CLERGYF SREGT FSIELADS PE ar t hat
t enper at ur e. ifilecbliade prighasds tioddomedubll y EyGicsd! deduusi ng, | nconel

[38LC rod Aebet.hn WLl s comDlaked e blade i poameraiur e uas

raised to tenperature sufficient to al Fow a 01/ 87528
PCT/ US01/ 40188spectionf qiff ther aied & aendepdgfcend welegsawdsadj acent ar eas.

The bl ade tp@r\f_s@srma@ﬂ dﬁbﬂ@%&@@%ﬁ%%@bé&% JfUk@e fARgES m nutes.
The bl ade tip.was t % owed to coo to rogmtenperature. The initial

cool down frofmP025F e( HE T’?@OIE @5§€Ft\?o€§leé]c<,f&¥pl i shed in
appr oxi mat el yeadiloupdsalThediyade .t | Nocetbelingasin the weld or

base alloy was found during any of the inspection

operations.



then restored via interactive |aser welding with induction preheat,

foll owed by a typical vacuum postweld stress relieve cycle. Fluorescent
penetrantwoongpesti on of the weld and adj acent areas was P@EBUBar4vess, al ong
with x-ray inspection of the blade tip. The blade tip was then sectioned
for metallurgical analysis. No cracking;in the weld or base alloy was
found during any of the inspection operations. WO 01/87528 PCT/ US0O1/ 40155
- 13 What is clainmed is: 1. A process for welding a nickel and/or cobalt
based superaithay akt icdla@me@mpEi:Si Ng: preheating an entire wel d area and

region adjacent tqQ the weld area of t article i mum dyctility
t emperat ure range %hi c% ipéfogﬁg\?e%gﬁ ?ﬁ’&&ﬁdngt érrﬂ?érc &%&P&ﬁﬁ

i nci pi ent nmebtsed B@@p&m@ﬂ@weartdclsacdm@mﬁemabloy and nglntalnlng such
tenperature during \Aeé)@g@l%a%q sg%,) glnftl %t |w%|1do r%a""% f_fre%y g t he
tenperature of the wel artic 0 ress ieving tenperature; and
cool'ing the éﬁﬂﬁ@ﬁ@ttGobéh@wweﬂﬁeagéﬁnafpth@eagﬁé@ﬂﬁlﬁ@tﬁomahaﬂuenlng range

at a rate effeetifvet Qe%@ﬂata%ea@% owlcmlam@a@rdv@ean%%q g tation. 2.
Process of Claim 1 wherein hb% superalloy ,article i;s chosen fromthe group

consi sting of SEPFIANHET epﬁnr‘ﬁe rlé’&’l At éi}”-ic&ﬁlsetnrteﬁ@tlﬁéﬁ@d tsnperatiey

containing fotrasaikd amgealalliogu anidn ma i ek ried; &I‘mﬂmte&be&’fatbeés't 5% o.

3. Process of Clalm \gnereln t he.argti.cl e i.s a rate of at |east
1 e el

100F per m nPE1 e Y5iSedss 35F EPAr-2 1 GRE &M Sl §deEi1ity
tenperature tbmg@en@emattMW tife thenyelded B4G0Eleo t21@0ELress

relieving temperature; and cooling the article to below
the gamma prime precipitation hardening range at a rate
effective to minimize additional gamma prime
precipitation.

2. Process of Claim 1 wherein the superalloy
article is chosen from the group consisting of a gamma-
prime precipitation strengthened superalloy containing
titanium and aluminum in a combined amount of at least
5

o

3. Process of Claim 2 wherein the article is
cooled at a rate of at least 100°F per minute.

4. Process of Claim 3 wherein the maximum
ductility temperature range is within the range of
1400°F to 2100°F.

5. Process of Claim 4 wherein welding is carried
out with a powder alloy which is a gamma-prime
precipitation-strengthened nickel base superalloy
containing titanium and aluminum in a combined amount
of at least 5%.

6. Process of Claim 5 wherein the superalloy
article and the powder alloy comprise substantially the
same alloy.

7. Process of Claim 6 wherein the superalloy
article is a component for a gas turbine engine.

8. Process of Claim 7 wherein the article is a

turbine blade, turbine vane or turbine rotor.



5. Process of Claim4 wherein welding is carried out with a powder all oy
which is a gamma-prinme precipitation-strengthened nickel base superall oy
cont ai ni Mo 1i/g7Ae8 um and al um numin a conbi ned anount of PaT/URE281555% 6.
Process of Claim5 wherein the superalloy article and the powder all oy
conprise substantially the sane alloy. 4._Process of Claim6 wherein the
superalloy article is a conponent for a gas turbine engine. 8. Process of
Claim7 wherein the article is a turbine blade, turbine vane or turbine
rotor. WO 01/ 87528 oRCT/oWSRbs40885 Claikd 8 Furkhesesenph-iGlhiglgm 8 further
conprising machi.ni.n EE% melggg ar%LcIe. 10. Process of Claim5 wherein
the article & ¢5df&d et at*feast 116F per minute. 11. Process
of Claim 10 whereild.t hersupesablfoyliadm I5n whddlke@namnthet BetAaiemim ductility
tenmperature range i %t fr(}rgg@%gg LQ }L%%%I,E 11_1%-0EPF Qcess of Claim 10 wherein
y i 80 and t he i t

t he superalloy Ts maxi mum-ducti [ f g%ﬁgFgfure range is
from 1925 to 2100R1l. Process of Claim 10 wherein the superalloy is

In 738LC and the maximum ductility temperature range is
from 1800° to 1900°F.

12. Process of Claim 10 wherein the superalloy is
R’80 and the maximum ductility temperature range is
from 1925 to 2100°F.



