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retates to wel ding apparatuses and nethods. Mre particularly, this
invention is directed to an apparatus configured to performboth a wel ding
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FIELD OF THE INVENTION

This invention relates to welding apparatuses and methods. More
particularly, this invention is directed to an apparatus configured to perform
both a welding operation and pre-weld and post-weld heat treatments on a

superalloy component.
BACKGROUND OF THE INVENTION

High temperature cobalt and nickel-based superalloys are widely used to
form certain components of gas turbine engines, including combustors and
turbine vanes and blades. While high-temperature superalloy components
are often formed by casting, circumstances exist where superalloy
components are preferably or are required to be fabricated by welding. For
example, components having complex configurations, such as turbine
midframes and shroud support rings, can be more readily fabricated by
welding separate castings together. Welding is also widely used as a method
for restoring blade tips, and for repairing cracks and other surface

discontinuities in superalloy components caused by thermal cycling or



25 June 2003 -2 forei gn object inpact. Because the cost of conponents
formed from hightenperature cobalt and nickel -based super ald5oi5ei2003
« rélatively high, restoring/repairing these conponents is typically nore
desirabl e than replaci ng them when they become worn or damaged. Superall oy
conmponents of gas turbine engines nust generally be thermally
stress-relieved before welding to celLax residual stresses present from
engi ne service, and then stress-relieved after welding to rel ax residual
stresses induced during cool down fromthe wel di ng operation. Heat
treatnment al so provides stress relief by dissolution of a portion of
har deni ng ganma prinme (y') in y'-strengthened nickel -base superall oys.
GEner%IIy, t he heat treatnent paraneteés will var? dependin%uon the all oy
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are critical in order to obtain the desired stress relief without adversely

affecting the superalloy and its properties.

In the past, pre-weld and post-weld heat treatments have been performed in
large batch heat treatment furnaces to ramp and hold a group of components
at a suitable heat treatment temperature. Following batch heat treatment,
individual components are welded while being maintained at an elevated
temperature (e.g., in excess of about 15000F (about 815°C)) to improve
welding yields. Welding is often performed in an enclosure containing a
controlled atmosphere (e.g., an inert gas) using such welding techniques as
tungsten inert gas (TIG) and laser welding processes. Heating is typically

performed by induction or with the use of lamps, such as quartz halogen



By wel di ng. BRI EF SUMVARY COF THE | NVENTI ON The present invention generally
provi des a heating apparatus and nmethod for wel ding a superzd Jung 208 cl e.
-Mor'e particularly, the apparatus and method of this invention provide for
pre-wel d and post-weld heat treatnments to be perforned on an article within
the sane apparatus in which the welding operation is perforned. In view of
the criticality of pre-weld and post-3sl d heat treatnents, the invention
requires that the wel ding apparatus be suitably configured to accurately
control the tenperature of the conponent being welded. For this ,. 25
June 2003 ~4 reason, the apparatus of this invention generally entails an-
encl osure adapted for containing a superalloy article, nmeans for welding
the article, nmeans for heating the article within the encl osure) and neans
for se&@?ﬁﬁ'the article tenperature within the enclosure. The apparatus

al so works in conjunction with a nmenory storage device that stores
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a welding tenperature profile for the article. Finally, the apparatus
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tenperature profile, treatnent tenperature profile for

a superfarhade %@Wv@l&an&%éﬁmld bReswetcliieh HedtotiRaiRints eepresént £tignsi sts of
tenperatures below the pre-weld and post-weld heat treatnment tenperature

prof i | edglaptatcheflonhef earpponents fhrughca avdldingnling aindsisran hefficignteans f or
heating the article, neaps for, sensing a tepperature of the article, and
means f@?ﬂaﬁw@ﬁtﬁmgﬁgﬁyﬁ%@m@mﬁ@%@avasglde% tenperature of the

article and according to the pre-weld heat treatnent tenperature profile,
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tenperature profile; operatin eat’i ng ans,

cont r ol dould beeadhSetcd fgaupehdlEuRricids Runafdcteled, aesordi 68 réguitde pre- wel d
heat treatnment tenperature profile; without renoving the article fromthe
encl osupewebdisgat i ng the heating neans, the sensing neans and the
controlling neans to heat the superalloy article directly fromthe pre-weld
heat treatment tenperature profile to the welding tenperature profile;

wel ding the article while nmaintaining the tenperature of the article
according to the welding tenperature profile; and then w thout renoving the
articl P@@M@T pﬁ% i t he heating neans, the sensing neans
and tthIf({:l:)Erﬁ%% I'i ng maanslq%goI ear'?tr%?g superalloy article directly fromthe
wel ding tenperature profile to the post-weld heat treatnent tenperature
profile; wherein at |east one of the pre-weld and post-weld heat treatnent
tenperature profiles is characterized by the absence of a constant

tenperature soak, In view of the abgve, it _can be appregiat ﬁd t hat the
pr esent IRePEssEnbvention genealharqyidessa beafingirnwaces ard sagthed fobat ch- t ype

pre-wel \%eﬁﬂgg %Ossi};;e\églllgy Dafe. U 1ARRL rf)%?ttigulggly, the apparatus and method of

this invention provide for pre-weld and post-weld heat treatments to be
performed on an article within the same apparatus in which the welding

operation is performed.

In view of the criticality of pre-weld and post-weld heat treatments, the
invention requires that the welding apparatus be suitably configured to

accurately control the temperature of the component being welded. For this



25 June 2003 5 superalloy articles fabricated, restored or repaired by

wel ding. Instead of acctanulating a nunber of articles to sigglnanegys!y
undergo a single heat treatnent, the present invention allows a nore
streanl i ned t hroughput of conponents by conbining the required heat
treatments with the wel ding operation within a single apparatus. The

I nvention al so reduces the heat treatnent durations required by reducing
the thermal mass being heated and cool éd duri ng each heat treatnent cycle.
O her objects and advantages of this invention will be better appreciated
fromthe follow ng detailed description. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi gure 1reasom thehepparaitisr efpthis dnmteation rgemerally centbilsnani enclomise adaptednfont and
wel di ng S, CE W i By | L on: Fi 3 are
ar aphs s R nA0 $sube 6P AfRRC fethd fortkding MESRAE TredtRorelibg ufe 4”072
super al | withinithé enaosune, candoneanscior sénsing the aotidletenaperateredwithin the enciosurenn,
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appropriate pre-weld and post-weld heat treatment temperature profiles and a welding
temperature profile for the article. Finally, the apparatus includes a control by which the
output of the heating means is adjusted based on the article temperature and according
to the preestablished pre-weld and post-weld heat treatment temperature and the welding
temperature profile.

According to the present invention, a method of welding a superalloy article is provided,
the method comprising the steps of. establishing a pre-weld heat treatment temperature
profile, a welding temperature profile, and a post-weld heat treatment temperature profile
for a superalloy article, wherein the welding temperature profile consists of temperatures
below the pre-weld and post-weld heat treatment temperature profiles; placing the
superalloy article in an enclosure having means for heating the article, means for sensing
a temperature of the article, and means for controlling the heating means based on the
temperature of the article and according to the pre-weld heat treatment temperature
profile, the welding temperature profile, and the post-weld heat treatment temperature
profile; operating the heating means, the sensing means and the controlling means to
heat the superalloy article according to the pre-weld heat treatment temperature profile;
without removing the article from the enclosure, operating the heating means, the sensing
means and the controlling means to heat the superalloy article directly from the pre-weld
heat treatment temperature profile to the welding temperature profile; welding the article
while maintaining the temperature of the article according to the welding temperature
profile; and then without removing the article from the enclosure, operating the heating
means, the sensing means and the controling means to heat the superalloy article
directly from the welding temperature profile to the post-weld heat treatment temperature
profile; wherein at least one of the pre-weld and post-weld heat treatment temperature

profiles is characterized by the absence of a constant temperature soak.

In view of the above, it can be appreciated that the present invention eliminates the
processing drawbacks known for batch-type pre-weld and post-weld heat treatments of



The. present invention is generally directed to superalloy articles that
-undergo a wel ding operation during their fabrication, restorg%héﬁééﬁ 3
repair. Wiile the advantages of this invention will be described wt
reference to conponents of gas turbine engines, the invention is al so
applicable to a variety of applications in which an article is to be heat
treated before and after welding in a manner that will not degrade the
properties of the article. An apparatu® 10 for perform ng the heat
treatments and wel di ng operation of this invention is schematically
depicted in Figure 1. The apparatus 10 includes an enclosure 12 generally
of a typeukerelny dricle tabrioatet nigsteredebriepgireshby welding. dnsteadaef Fucamulatingser
wel di ng i t . a S clyud

heat i ng gg\rﬁﬁ 8e%T45 r@#lés‘;q? %@Bﬁ%\%ﬁy OLEH}%&@? %néﬂpﬁeh%%t g%%@éngf {htg hg'%g%r&tl osure
12 duri ninpvestiati alpwsSuinpbedsteeaddined teoughputiodfeccompbnentsdoy cooibiring theaequiredal ogen
| anps an i i . Ry, i i
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whi ch anréduees thashestidieatserdr dwations fegdireéd uyhfecimingrﬂlerthefmalhmasmcblemgur e 12
to preve i le while at the el evated

pr ocessi ﬁtsat?é aqgr a?l@d%[:ru&#%@%%‘i r%%an %ng%);dle;l so preferably included is an
external |l y-cool ed heat shield 20 surrounding the enclosure 12, and an
exhaust r u g epation.
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shown i n fetlogingedetaileg dgaq;rmtlanl oy article would first be batch heat treat ed
to relax residual stresses present as a result of the service of the
article and, if the article is forned of a y'-strengthened nickel -base
superal l oy, to provide all oy softening by dissolution of a portion of the

har deni ngyeye F’Hﬁgfh 6‘?“@4 Dﬁ 2003 Dbatch heat treatnent would
then be perfornmed a ter wel ding to relax residual stresses induced during
cool down fron1meld|ng tenperatures. These discrete heat treatnent cycl es

are ill uﬁsd |s' ; ééhQME{?c ?edp?ése%'tgtv\ﬁsof éA‘ atl& hegi”tr‘égtm t érﬂ gbﬂtﬁge 2
repr esent Re artlcle I'S mai ntal ned at ~an

el evat ed apewpéﬁdtaaﬁ@rda'g@rmtmﬂhisynventlea,cmis of about 1500F (about 815C). The
heati ng and cooling ranp rates, soak tenperatures, and hold tinmes for
stress relief and dissolution heat treatnments are critical to obtaining the
desired figwe< ard Bedrevgrapoushewing tbetheraal excles teauired Sopbeat| reafingrand t s
properti tinC ed n r es at
i ch t neeATe s SUPLralof BRg in® BEkSartel Wi el i o 3, LRTARANES,
stresses respectielarticle, e.g., about twenty to thirty minutes Because a
post-wel d heat treatnent is to be perforned, the tenperature and tine
profile of the welding operations is not so critically, as long as the
article is heated to an acceptable tenperature prior to welding. As

evi denceghdyp L Es JEYEAPH ¢ DRt B4t A0RERioN © profiles of Figure 2, the
article being processed I1s typically cooled to roomtenperature betmeen
cycles, during which tine the article is set aside until enough articles
are accunul ated to performa batch heat treatnent. In contrast to the
process described above, the welding apparatus 10 of this invention enables
control of the tenperature and tine profile within the enclosure 12, and
therefore offers the opportunity to perform pre-weld and post-weld stress
relief heat treatnments and welding within a single furnace using a single
vari abl e-tenperature thermal exposure, instead of separate batch and

wel ding furnaces required in the past. Inportantly, the preferred process
carried out in the welding apparatus 10 does not involve cooling the
article between tenperature cycles as shown in Figure 2, but instead cools
t he 25 June 2003 _g_ article directly froma pre-weld tenperature profile
"D' to a welding profile "E," and then heats the article directly fromthe
wel ding profile F to a postweld tenperature profile "F," as shown in Figure
3. A conparison of Figures 2 and 3 shows that the pre-weld and post-weld
profiles Dand F in Figure 3 do not include constant-tenperature soaks
characteristic of the corresponding profiles A and C, respectively, of
Figure 2. Furthernore, the peak tenperatures for the pre-weld and post-weld
profiles Dand F in Figure 3 exceed the correspondi ng soak tenperatures for
the profiles A and C respectively, of Figure 2. The result is not only a
reduced cycle tine by elimnating cool downs to roomtenperature, but also
shorter heat treatnment cycles (D and F) before and after wel ding. However,
the profiles D and F of Figure 3 and this invention could include soaks as
shomn |n Flgure 2 for exanple substltutlng t he apprOX|nater 1900F soaks
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The.above operational capabilities are achieved by detecting the
‘tenperature of the article within the enclosure 12 with a 26iJuabPl603
tenperature sensor 24, such as an optical pyroneter or a standard-type K

t hermocoupl e. The tenperature signal fromthe sensor 24 is used as input to
a programmaebl e tenperature controller 26, which conpares the signal from
the sensor 24 to the desired profidées D, E and F stored in menory 28 for
the article. The control signal to the heating device 14 is then regul ated
based on the difference between the desired tenperature profile and the
tenperature of the article. In this manner, essentially any tenperature
profile required for a given superalloy article can be programed and

accur I t.rolled to achi . j.ect f this invention. 25 June
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t enpeadvantages of ithssineertion veilll beldesdibed! with 1®ferehee td eonponenposur e.
Advant ages include the elimnation of batch heat treatnments, the

el i ni @Atgasn turbine cenginemstheo imventiareipalsa wpplisableetn a resaietgnots, and the
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€S WhoSe processing requires accurate
control at elevated tenperatures to avoid degradation of the article

pr operAn apparbites &0 écperfibiirhig! the Heay eebiments andowelling opetdiish oh terns of a
preferred enmbodinment, it is apparent that other forns could be adopted by
one skhis| swentionhdés schematecahyidepistedt ine Figunge 1of Thee apparatusol) is to be
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operation such as TIG or laser welding in a controlled atmosphere. The
apparatus 10 also includes a heating device 14 of a type known for heating the
interior of the enclosure 12 during welding. Suitable devices include
induction coils, quartz halogen lamps and silicon carbide elements, and may
be equipped with cooling elements 16 as shown. The enclosure 12 also
includes an inlet 18 through which an inert gas such as argon is fed to the
interior of the enclosure 12 to prevent oxidation of the superalloy article while
at the elevated processing temperatures of this invention. Also preferably
included is an externally-cooled heat shield 20 surrounding the enclosure 12,
and an exhaust hood 22 for removing fumes generated during the welding

operation.

In the past, before undergoing welding within an enclosure of the type shown
in Figure 1, a superalloy article would first be batch heat treated to relax
residual stresses present as a result of the service of the article and, if the
article is formed of a y’-strengthened nickel-base superalloy, to provide alloy

softening by dissolution of a portion of the hardening y’ phase. A second



establishing a pre-weld heat treatnent tenperature profile, a welding

~ tenperature profile, and a post-weld heat treatnent tenper@&5ulure2008ile for
+a superolloy article, wherein the welding tenperature profile consists of
tenperatures below the pre-weld and post-weld heat treatnment tenperature
profiles; placing the superolloy article in an encl osure having nmeans for
heating the article, neans for sensifng a tenperature of the article, and
means for controlling the heating nmeans based on the tenperature of the
article and according to the pre-weld heat treatnent tenperature profile,
the wel ding tenperature profile, and the post-weld heat treatnent
tenperature profile: operating the heating neans, the sensing nmeans and the

contro}lLi e b ccording to, the preweld
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controlling neans to heat the superalloy article directly fromthe pre-weld
heat t disatetertieat érqaémanticyclps até ilbudteatéddn \Rigdrad dsecqpeeat'tr’eagd of i | e;

wel ding the article while maintaining the tenperature of the article
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t enper at ure soak. 25 June 2003 -11 2. A nmethod as recited in claiml,

wher ei abtsdnimgothet desitedestedsd relief yikouhetuersely affeetingriha superplont ur e
profil es  afe characgteri ﬁd ﬁ%ethe absence of i‘con t ant Lg{’rper ure soak.
3. A mehflolfS aBroRsEHER d i‘ e chéatfreatment, SHRVES, t%'hcge al\GrE¥ B0 ke articl e
i'sS sen 1 n..optt ga A 4, . d Ci . 1 laim 1,
wher ei ?Fqﬂﬁé\}ﬂ%g% iantgmr}r&s%nlshﬁoéﬁgegé%#éac}é ?arlfgé rgr? %Qgg(rh%zaﬁ{ oglo%%fﬁgltehﬁégof quartz

hal oge peli@®stressesliit tHeoartietd, leSg., APGUSIWERPToCRIRY dRIrRIt& T BHcBusda A Met hod
as recited in claiml, whereinthe welding step 1s performed with a wel ding
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of the welding operations is not so critically, as long as the article is heated to

an acceptable temperature prior to welding. As evidenced by the three

discrete temperature profiles of Figure 2, the article being processed is

typically cooled to room temperature between cycles, during which time the

article is set aside until enough articles are accumulated to perform a batch

heat treatment.

In contrast to the process described above, the welding apparatus 10 of this
invention enables control of the temperature and time profile within the
enclosure 12, and therefore offers the opportunity to perform pre-weld and
post-weld stress relief heat treatments and welding within a single furnace
using a single variable-temperature thermal exposure, instead of separate
batch and welding furnaces required in the past. Importantly, the preferred
process carried out in the welding apparatus 10 does not involve cooling the

article between temperature cycles as shown in Figure 2, but instead cools the



CANLA L Au. ALF.AF% A A@. A . A . A . Al'Sj BXt 9=>?LPROPS dkXd
-U} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Za|Jsak28psa) ca] ca
+ ]calcalcalcalcalcalcalc:alcalcajcalW i !I1TI#)*)+)F. 0002
347} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca]ca] ca] ca]ca]ca]ca]ca! 7778y:;
o < <"<<<==O?P?&@ @N\ABBBNTCDSE} xs}Fxsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca4S] aBS&
10%& ()-! @10%& ()-3! @109 ()-310%& ()-"@0%& ()-f1l0%& () - jBXt9dEf8
10%& ()- |11 10%)& O-M( 10%& () - yy#mlo%)& () f&10%& ()-S 10%& () - 9
<=>?LPbC 109B& ()-"-109B& ()-MLOYB& ()- :109B& ()-M 10b 10b

8 Bl VTS e bR e A M

yy10% 4 € )and then heats the article d1rect1y from the welding profile F to a post-
weld temperature profile “F,” as shown in Figure 3. A comparison of Figures
2 and 3 shows that the pre-weld and post-weld profiles D and F in Figure 3 do
not include constant-temperature soaks characteristic of the corresponding
profiles A and C, respectively, of Figure 2. Furthermore, the peak
temperatures for the pre-weld and post-weld profiles D and F in Figure 3
exceed the corresponding soak temperatures for the profiles A and C
respectively, of Figure 2. The result is not only a reduced cycle time by
eliminating cool downs to room temperature, but also shorter heat treatment
cycles (D and F) before and after welding. However, the profiles D and F of
Figure 3 and this invention could include soaks as shown in Figure 2; for
example, substituting the approximately 1900°F soaks shown in Figure 2 for
the approximately 2050°F peaks shown in Figure 3.

The above operational capabilities are achieved by detecting the temperature
of the article within the enclosure 12 with a suitable temperature sensor 24,
such as an optical pyrometer or a standard-type K thermocouple. The
temperature signal from the sensor 24 is used as input to a programmable
temperature controller 26, which compares the signal from the sensor 24 to
the desired profiles D, E and F stored in memory 28 for the article. The
control signal to the heating device 14 is then regulated based on the
difference between the desired temperature profile and the temperature of the
article. In this manner, essentially any temperature profile required for a

given superalloy article can be programmed and accurately controlled to

achieve the objects of this invention.
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In view of the above, it can be seen that the present invention provides for the
integration of heat treatment and welding cycles within a single apparatus,
with the result that what was previously three discrete temperature profiles
are consolidated into a single thermal exposure. Advantages include the
elimination of batch heat treatments, the elimination of cool downs to room
temperature between treatments, and the shortening of the individual
treatment profiles. While discussed in terms of certain equipment for the
processing of superalloy articles, the apparatus 10 of this invention could also
be employed for the treatment and welding of other materials and articles
whose processing requires accurate control at elevated temperatures to avoid
degradation of the article properties. Therefore, while the invention has been
described in terms of a preferred embodiment, it is apparent that other forms
could be adopted by one skilled in the art. Accordingly, the scope of the

invention is to be limited only by the following claims.
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Claims:

1. A method of welding a superalloy article, the method
comprising the steps of:

establishing a pre-weld heat treatment temperature profile,
a welding temperature profile, and a post-weld heat treatment
temperature profile for a superalloy article,

wherein the welding temperature profile consists of
temperatures below the pre-weld and post-weld heat treatment
temperature profiles;

placing the superalloy article in an enclosure having means
for heating the article, means for sensing a temperature of the
article, and means for controlling the heating means based on the
temperature of the article and according to the pre-weld heat
treatment temperature profile, the welding temperature profile, and
the post-weld heat treatment temperature profile;

operating the heating means, the sensing means and the
controlling means toc heat the superalloy article according to the pre-
weld heat treatment temperature profile;

without removing the article from the enclosure, operating
the heating means, the sensing means and the controlling means to heat
the superalloy article directly from the pre-weld heat treatment
temperature profile to the welding temperature profile;

welding the article while maintaining the temperature of
the article according to the welding temperature profile; and then

without removing the article from the enclosure, operating
the heating means, the sensing means and the controlling means to heat
the superalloy article directly from the welding temperature profile
to the post-weld heat treatment temperature profile;

wherein at least one of the pre-weld and post-weld heat
treatment temperature profiles 1is characterized by the absence of a

constant temperature soak.
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2. A method as recited in claim 1, wherein both of the pre-
weld and post-weld heat treatment temperature profiles are

characterized by the absence of a constant temperature soak.

3. A method as recited in claim 1, wherein the temperature

of the article is sensed with an optical pyrometer.

4. A method as recited in claim 1, wherein the heating
means is selected from the group consisting of quartz halogen lamps,

induction coils, and silicon carbide elements.

5. A method as recited in claim 1, wherein the welding step
is performed with a welding apparatus selected form the group
consisting of tungsten inert gas, plasma transferred arc, and laser

beam welders.



