SYSTEMS AND METHODS FOR PROVI DI NG LOCALI ZED HEAT TREATMENT OF GAS
TURBI NE COVPONENTS BACKGROUND [ 0001] The manufacture, service and/or
repair of gas turbine engines oftentines requires |ocalized heating
of specified areas of engine conponents to allow for stress relief,
metal form ng and/or brazing applications. Localized heating Is
preferred when processing the entire conponent in an isothernmal heat
treatnent oven could adversely affect the netal |l ographic properties

of the materi e In this r r i art
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| nducti on heating nethods t rd little process
control, and require extensﬁeggiﬁlgﬁlgﬁéd%?ogéﬁﬁerator in order to
mat ch i nduction coils to both the induction generator and the
conponent/cross sectional area being heated. In contrast, resistance
heating is somewhat limted in thagy JUNEEr supplies are current
mat ched to specific heating el enent designs. The necessity in the
prior ariooefi NPhehagactiie sBRIOE andoBpAiest gaddrtinaeniRad dfkdifésement s has
typically resulted In rather generic heating assenblies In the form
of bl anket s rehuitestogplized héating bEspetifidd Arédsaf enditeaddmpbreras 0atiow foat

requi re heating. SUVWARY [0003] Systens and nethods for providing

| ocal i zed hesltess retiafi metakforofingrs/or brabing epplicatioos dricslized Beglingisi ded | n
this regard, a representative enbodi ment of such a method conprises:
i denti fyi ng Ripfeapdwhenprocegsing the entire eorammpniriean isetberal ket trestment zed

heat treatnment is to, be perforned; Posi tioni n‘% a resistance heating
el enent, si 78N could adversely affect the metatlographic properties of the materials of the

component.

[0002]  [n this regard, prior art localized heating methods include resistance and
induction heating. Induction heating methods tend to be costly, afford little process
contrpl. and require extensive experience of an operator in order to match induction
coils to both the induction generator and the component/cross sectional area being
heated. In contrast, resistance heating is somewhat limited in that the power
supplies are current matched to specific heating element designs. The necessity in
the prior art of matching the power supplies and the heating elements has typically
resulted In rather generic heating assemblies In the form of blankets that typically are

much larger than the areas that require heating.

SUMMARY
[0003] Systems and methods for providing localized heat treatment of gas turbine
components are provided. In this regard, a representative embodiment of such a
method comprises: identifying an area of a gas turbine component to which localized

heat treatment is to be performed; positioning a resistance heating element, sized



and shaped to transfer heat to the area, adjacent the area;
electrically coupling a current-limting power controller to the

resi stance heating elenent; and locally heating the area using the
resi stance heating elenent, with power being provided to the

resi stance heating elenent via the current-limting power controller.
[ 0004] Anot her enbodi nent of a nethod conprises: identifying an area
of a gas turbine conponent to which |ocalized heat treatnent is to be
performed; positioning.a resistance heating el enent, sized and shaped
to transfer dndahaped to trensfarbeat tatlip amanadjdcest the @es; eldeticalyspunlingpae
heating el ement conprising wire and at |east one ceranic insulator,;

el ectri cal | yugeripgimitng pawernopisgler tpithe resisignoedaeting slement andlocally t he
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conponent ¢ Qggithikheatthg disthent, 3REE anlfsiabtfto rhafsiG Heal1s Heltfled? afaédnt and
at | east one ceramic insulator; and a current-limting power

control | er hpyarag, the fislsiaBOhaa@it] l6rthére domBingwirland bi1eagh oneteramic
controller being operative to receive electrical "‘power froman AC

power sour cédnsaiatbri elegiically aepling mreamrentilimiting powezIcenitallerda khepesigandeo t he
resistance heati n? el ement. [0006] O her systens, nethods, features
and/ or advareaiieelament.thacuresidimtingmewa gantriler et being cleetdeati majpped ent
to one wth skill in the art upon exam nation of the follow ng
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with power belng provided to the resistance heating element via the current-limiting

power controller.

[0005] An embodiment of a systerh for providing localized heat treatment of a gas
turbine component comprises: a resistanqe heating element having a wire and at
least one ceramic insulator; and a current-limiting power controlier ha\.:ing- a silicon
controlled rectifier, the power controller being operative to receive electrical power
from an AC power source and to provide current-limited electrical power to the
resistance heating element.

[ooos]  Other systems, methods, features and/or advantages of this disclosure will be or
may become apparent to one with skill in the art upon examination of the following

drawings and detailed description. It is intended that all such additional systems,



[ 0007] Many aspects of the disclosure can be better understood with
reference to the follow ng drawi ngs. The conponents in the draw ngs
are not necessarily to scale. Mireover, in the drawi ngs, |ike

ref erence nuneral s desi gnate correspondi ng parts Throughout the
several views. Wile several enbodiments are described in connection
Wi th these drawings, there is no intent to limt the disclosure to

t he enbodi nents di scl osed herein. On the contrary, the intent is to
cover all alternatives, nodifications and equivalents. [0008] FIG 1
| s a schemathethedselgaiyres gndensstyantagasibe dicluded withinthigmiescriplion anddbeel enent .
[0009] FIG 2.is a schematic diagram depicting an enbodi nent of a

t urbi ne caseviindhe 8P Pf e gresent dBEPNEE-engi ne with the resistance
heating el enent of FIG 1 positioned to locally heat sel ected
portions of the casing. [0010] FIG 3 is a schematic diagram of an
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provided. In this regard, epi cts an exenplary enbodi nent of a
resi stance hagédvag irtthe BRiingd 0Re rdfdreniMumbRi} deSigias e6ridshandirgrpamsl of a

| ength of wire 102 (e.g. NCr wire) that is attached to one or nore
i nsul at ors véughout the several views. While several embodiments are described in
connection with these drawings, there is no intent to limit the disclosure to the
embodiments disclosed herein. On the contrary, the intent is to cover all
alternatives, modifications and equivalents.
[0008] FIG. 1 Is a schematic view of an embodiment of a resistance heating element.
[0009] FIG. 2 is a schematic diagram depicting an embodiment of a turbine éase section
of a gas turbine engine with the resistance heating element of FIG. 1 positioned to
locally heat selected portions of the casing.
[0010] - FIG. 3 is a schematic diagram of an embodiment of a system for providing

localized heat treatment.

[0011] FIG. 4 is a schematic diagram of an embodiment of a cooling device.

DETAILED DESCRIPTION
[0012] As will be described in detail here with respect to several exemplary
embodiments, systems and methods for providing localized heat treatment of gas
turbine components are provided. In this regard, FIG. 1 depicts an exemplary
embodiment of a resistance heating element 100. Element 100 is generally formed

of a length of wire 102 (e.g. NiCr wire} that is attached to one or more insulators 104



(e.g., ceramic insulators). In this enbodinent, nmultiple insulators
are provided, each of which is generally cylindrical in shape and
includes a hollow interior through which the wire is threaded.
Dependi ng upon the particular electrical and heating properties
desired, various sizes, shapes, gauges and configurations of wire and
insulators can be provided. [0013] The enbodi ment of Fig 1 has been
designed to provide localized heating to two areas that are. spaced
fromeach other. Notably, elenent 100 provides a first heating zone
110 that is (egacemmicitsvaiorsle doihis ambadiment, multivle insMators are peviges eachy
being |l ocated therebetween. Note that a single row of insulators and
an associ at ¢ Whish éxgenerrilyglindriegldn ghape and ipcludes 8 helpynibterier ieugh whidy  and
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can be used !ygéﬁr&i ege same power source, details of which will be
di scussed | ater. c{ 015] The configuration of the enbodinment of FIG 1

may be p hC ; i ,ﬁx&p&' i Voati s the
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section of  gasastthitBidépabasidngeathGteRCNoEINS cefieh! A0 prévidsa firdt hélding such
as welds 202, 204,206 and 208, as well as welds 210, 212 and 214 that

are posi ti ormede Uitikbatiestdeceditah nsgewmd dissting zdrid0112With 2apretdtbel@0 i s
attached to the turbine casing so that heat can be directed toward
t he wel ds i rioesieddherehetywreany Ngte thatrasingle rewiotinsulaonsisad An eesociated length
associated with the welds. In order to facilitate attachnent of the

el ement to 1H¥iregerticaly plareapnects Bt arrsecend hegtind ATeRs: IR as hi gh
e A et al ity B Sl | L oraPLe: NoLably, the
controll [‘36144 nqL cgrnr%w pr'hlﬂ'aatrt resistance heating elements, which are current-matched to
their respective power sources, various configurations of resistance heating
elements, such as element 100, can be used with the same power source, details of
which will be discussed later.
[0015] The configuration of the embodiment of FIG. 1 may be particutarly well suited for
various applications, such as the exemplary application depicted in FIG. 2. As
shown in FIG. 2, a section of gas turbine casing 200 includes several repair welds,
such as welds 202, 204, 206 and 208, as well as welds 210, 212 and 214 that are
positioned undermneath heating element 100. The element 100 is attached to the
turbine casing so that heat can be directed toward the welds in order to provide
stress relief to the material associated with the welds. In order to facilitate
attachment of the element to the casing, various techniques can be used, such as
high temperature tape or stainless steel wire for example. Notably, the resistance

heating element is electrically connected to a power controller (not shown) that



provides current-limted electrical power to the el enent Various
aspects of the power controller will now be described wth respect to
FIG 3. [0016] As depicted in FIG 3, an enbodi nent of a system 300
for providing |ocalized heat treatnent conprises a power controller
302, a resistance heating el enent 304, a thernocouple 306, and a
non- oxi di zi ng environnent 308. The power controller receives a

vol tage input froma power source 310, which can be a conventi onal
110 volt outlet in sonﬁpenbod i rents. The power controller converts
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non- oxi di zi ng envi r onment . By way of exanple, such an environnent

can be for negtels avbltige .rfpesrmsﬁ apowa3ekres s1oewhitiagan 1  dopositionaMiith an
I nert gas, such Argon. For performng heat treatnents, the conponent

314 is pl acedit outietin sorné emhadiments.dTT pogreecontrollenoewertsihe HTDT-IHO@I’ nor e
heati ng el enents are attached to the conponent as descri bed before
wi th ref er esdeent-imilgdoutput usga aurcestimier 3tchal i some embediBeds cenoe he
conponent, in_a vicinjty of the heating elenment, so that h %hl ng can
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can be a cooling fan and or
(00177 It should be noted that the component that is to be heat treated is located within
non-oxidizing environment 308. By way of example, such an environment can be
formed by a heat resisiant enclosure that is flooded with an inert gas, such Argon.
For performing heat treatments, the componént 314 is placed within the non-
oxidizing environment and one or more heating elements are attached to the
component as described before with reference to FIG. 2. Thermocouple 306 also is
attached to the component, in a viclnity of the heating element, so that heating can
be monitored.
[0018]  Optionally, thermal insulation 316 (e.g., Fiberfrax insulation} is used to caver the
heating element in order to reduce heat dissipation from the area that is to be heat-
treated. Additionally or alternately, a cooling device 318 can be used to provide

localized cooling, such as to areas adjacent to those areas that are to be heat-

treated. In some embodiments, the cooling device can be a cooling fan and or a



cl osed-1 oop cooling system such as one that uses a liquid (e.qg.
water), for providing cooling. [0019] An exenplary enbodi nent of a
cooling device is partially depicted in FIG 4. As showmn in FIG 4.7
a heat exchanger portion 400 of a cooling device is attached to a gas
t urbi ne conponent to provide |ocalized cooling of the conmponent. The
cooling device includes a liquid inlet 402 that provides a flow of
cooling fluid to conduit 404, which is thernmally coupled to a heat
exchange surface, 406. Thernmal ener fromthe heat trea nt | s
T anof or rad Y5449 REIE YRR HIHLA AL oo THE (BTt W PiRtlire
which is thqgoﬁ turned to a circulating punp (not shown) after
departing the " conduit via a liquid outlet 408. [0020] It should be
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may be nade to the above-described embodi ments w thout departing
subst ant i al | gashurbiie t:dirg‘pﬁﬁht_rtb broing1oBalizec édelifof @fe dopofbns.CTiRsddblng Al |
such nodifications and variations are intended to be included herein
W thin the sdsejoeinolidésa iquil isled 402 diat pavidesa fidwesficedling Yuiti iecandaibdéddanyi ng
clains. What is clained is: 1. A nmethod for providing |ocalized
heat treat mewhichd$ thermoaily coupldsi in @ heatrepchange surfece 406rThimal ensrgy frem ng:
identifying a plurality of welds on a gas turbine conponent to which
|l ocal i zed hdbg heat keatmeptis fransfegred ¥ia the hegh astiangasidase fpthg sooliRe figiid a
first identified | d . and secaond identified d;, configuring.a
resi stance ihieR retRed t%taoc’rﬁﬁ%{?ﬁ’cﬁ’@mat('ﬁt M"x\g rSPWWItﬁ%%@gﬁ'Eati ng
zones_indlu%ggh .J&ﬂé&wggaping zone and a second heating zone,
wherei n the T€5Stance eating el ement conprises a wire connecting a

pl ural i tajosy caf Gt bie'éﬁ]‘bhééiﬂd%hat%%%b@é&kﬁbeﬁQﬁ]bg{jihﬁﬁmQ by zone

conprises a first plurality of the ceramc Ins ors and thé second

beat i Ng Z0oNg§ossHi® bkmfiflesof iRfGHchtRions &t fdrih féHa ddaf udrsliidingighHél at or's,
the heating zones being separated by a gap with the first and second

pl uraliti es puhciploeoftiss aBticsurgsSMaivargions bbmediitatstisethylbe mdddtedst one
ceram c insulator or a portion of the wire spanning the gap,
above-described embodiments without departing substantially from the spirit and
principles of the disclosure. All such modifications and variations are intended to be
included herein within the scope of this disclosure and protected by the

accompanying claims.



electrically coupling a current-limting power controller to the

resi stance heating elenent; and locally heating the first identified
weld using the first heatlng zone of the resistance heating el enent
and the second identified weld using the second heating zone ofthe,
resi stance heating elenent, wth power being provided to the

resi stance heating element via the current-limting power controller
2. The nethod of claim1, wherein the electrically coupling of the .
current-limting pﬂﬂﬂﬁlmohmmmﬁhﬁr conprises electrically coupling a
silicon controlled H@ﬁﬁétﬁb&foﬁ;@oﬁdmg Exiativedheattezitinegt of 2peht . 3.

The method of Clﬁa,%(w &?@H{étﬁb&ﬁoﬁi Kg:cal ly coupling the
e fymg # p(fulr

current-liniting E’E@(ﬁﬁg g@%ﬁﬁﬁ{quggmﬁﬁpghbﬁ{ to

performng the he
electrical ly couplirg whichhloca af {rRRym f}ﬂj P8Ffer to the
AC power source conpwhivhsveldemalidad fystadeni ﬁfgwﬁ ?ﬁ@?ﬂn imting
power controller to 1§eﬂt1ﬁ)éﬁ q,{em:t rical outlet. 5. The met hod of

claimi, wherein: Hl:"erl1e°1%‘i@*éléﬁ1%npﬂ§ idags gl e gas
rponef® M “1 Sor | {c@gm 1y
heating the identifi@ qsay ragllﬁa‘f gP i ence oﬁ&gxygen
zone and a second heating zone, w 1ere111 e resistance
heatmg element comprises a wire connecting a plurality
of ceramie insulators, and wherein the first heating zone
~ comprises a first plurality of the ceramic insulators and
the second heating zone comprises a second plurality of
the ceramic insulators, the heating zones being sepa-
rated by a gap with the first and second pluralities of the
ceramic insulators being connected by at least one
ceramic insulator or a portion of the wire spanning the
gap,

clectrically coupling a current-limiting power controller to

the resistance heating element; and

locally heating the first identified weld using the first heat—

ing zone of the resistance heating element and the sec-
ond identified weld using the second heating zone of the
resistance heating element, with power being provided

to the resistance heating element via the current-limiting
power controller.

2. The method of claim 1, wherein the clectncally coupling
of the current-limiting power controller comprises electri-
cally coupling a silicon controlled rectifier to the resistance
heating element.

3. The method of claim 1, further comprising electrically
coupling the current- Inmtmc power controller to an AC
power source prior to perfonmng the heating.

4, The method of claim 3, wherein the elécmcally coupling
of the current-limiting power controller to the AC power
source comprises electrically coupling the current-limiting
power controller to a 110V efectrical outlet.



6. The nethod of claim5, wherein the positioning of the gas turbine
component within the inert gas environnment conprises positioning the
gas turbine conponent within anArgon gas environnent. 7. The

met hod of claim 1, further conprising wapping the welds and the
resi stance heating elenent in thermal '"insulation prior to the

heat i ng. 8., The nethod of claim11, further conprising cooling a
portion of the conponent during the heating. 9. The net hod of
claim 8, wherein thelboaldingd bf chenfQriksteidy a cl osed-1oop coollng
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The method of claim Fength o
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vel ds of the gas tofdliindieargdnen elé’fé)ﬁ?ﬂ iveedds |1%I@ﬁff0ﬂ‘l}qedgl urality
of welds of a turbi abseass oljoxygenl2. The nethod of claim 1, wherein
the heating is perd qiegehodBNbRinS, agdhaein fig ﬁUﬁJlﬁfofﬂﬁ: '
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9. The method of claim 8, wherein the cooling is performed
by a closed-loop cooling device positioned adjacent the por-
tion that is to be cooled.

10. The method of claim 1, wherein the wire compriscs a
length of NiCr wire.

11. The method of claim 1, wherein the identifying of the
welds of the gas turbine component comprises identifying a
plurality of welds of a turbine casing.

12. The method of claim I, wherein the heating is per-
formed by manually adjusting output of the current-limiting
power controller.

13. A method for providing localized heat treatment of a
gas turbine component, said method comprising:

identifying a weld on a gas turbine component to which
localized heat treatment is to be performed;

a resistance heating element comprising a wire and a plu-
rality of ceramic insulators and adapting the size and
shape ofthe resistance heating element to conform to the
identified weld, wherein the adapting the shape of the
resistance heating element comprises positioning the
ceramic insulators to conform to the identified weld,

positioning the adapted resistance heating element onto the
identified weld;

electrically coupling a current-limiting power controller to
the resistance heating element; and



positioning the adapted resistance heating el enment onto the
identified weld; electrically coupling a current-limting power
controller to the resistance heating elenent; and locally heating
the identified weld using the resistance heating el enent, w th power
being provided to the resistance heating elenent via the
current-limting power controller. 14. The method of claim 13,
further conprising assenbling the resistance heating elenent to
accommodat e a conldcgllyahéaimgpthe baberitifieat ivel@disivet dhé hasisiancto be heat

treated. 15. ThehaminpQdeflent Wikt dder BIRESOYIIRA 16 BR ﬁ%ﬁﬂce
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cylindrical ceramc

further conprisi nlg &W? a portion of the conponent during the
heati ng. 4. The method of claim 13, further comprising assem-

bling the resistance heating elemcnt to accomunodate a con-
figuration of the identified weld that is to be heat treated.

15. The method of claim 14, wherein the resistance heating
element comprlses a length of NiCr wire threaded throu,:,h
cylindrical ceramic insulators.

16. The method of claim 14, further comprising cooling a
portion of the component during the heating.



