SYSTEMS AND METHODS FOR PROVI DI NG LOCALI ZED HEAT TREATMENT OF GAS TURBI NE
COVPONENTS BACKGROUND [0001] The nmanufacture, service and/or repair of gas
turbine engines oftentines requires localized heating of specified areas of
engi ne conponents to allow for stress relief, nmetal form ng and/ or brazing
applications. Localized heating is preferred when processing the entire
conponent in an isothermal heat treatnent oven could adversely affect the
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oven could adversely affect the metallographic properties of the materials of the

component.

[0002] In this regard, prior art localized heating methods include resistance and

induction heating. Induction heating methods tena to be costly, afford little process

control, 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



heat treatnment is to be perfornmed; positioning a resistance heating el enent,
sized 1 and shaped to transfer heat to the area, adjacent the area;
electrically coupling a current-limting power controller to the resistance
heating el enent; and locally heating the area using the resistance heating
el ement, with power being provided to the resistance heating el enent via
the current-limting power controller. [0004] Another enbodi nent of a nethod
conprises: identifying an area of a gas turbine conponent to which
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controller not being electrically mat e resistance heating el enent
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heat treatment of a gas turbine conponent conprises. a resistance heating

el ement havb§igtaRcehdalngBldmaht, siz6PaRd SHiPe§ & thdisfer hEkt4d teQiréa, ABRceNt
current-limting power controller having a silicon controlled rectifier,

the power aRéirea| thereditante HeRfHRdlEMENticOMPASIKY Wite ShE4iliéast dhe peramic from an AC
power source and to provide current-limted electrical power to the
insulator; electrically coupling a current-limiting power controller to the resistance
heating element, the current-limiting power controller not being electrically matched
to the resistance heating element such that various other resistance heating
elements of various electrical characteristics are usable with the current-limiting
power controller; and locally heating the area using the resistance heating element,
with power being provided to the resistance heating element via the current-limiting
power controlier.
[0005] An embodiment of a system for providing localized heat treatment of a gas
turbine component comprises: a resistance heating element having a wire and at
least one ceramic insulator; and a current-limiting power controiler haﬂring. 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.
[0006] 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,



resi stance heating el enent. [0006] O her systens, nethods, features and/or
advant ages of this disclosure will be or rmay becone apparent to one with
skill in the art upon exanmi nation of the followi ng draw ngs and detail ed
description. It is intended that all such additional systens, 2 nethods,
features and/ or advantages be included within this description and be
within the scope of the present disclosure. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0007] Many aspects of the disclosure can be better understood with

reference tfethbi, tdairéLPMMdAG adiamtaded be inthRIed WXRIAMAE Hésdriptidn éhddledW Ngs are not
necessarily to scale. Moreover, 1n the drawings, |ike reference nunerals

desi gnat e GgthirEth® 966peltd tHesrbsent difdigddeiout the several views. Wil e several
enbodi ments are described in connection with these drawi ngs, there Is no

Intent to limt the disclosure to the enbodinments disclosed herein. On the
contrary, the intent is to cover all alternatives, nodifications and

equi val ents. (0008] Fl GBRIEFDESCRIPFION OF THECDRAWINGSenbodi nent of a
resi stance heating elenent. [0009] FIG 2 is a schematic diagram depicting

an enbqdeo7ent Mahy gspetts of the diseReure@ah be bettérunderg@ad wwith béfoeneaithe with the
resi stance heating elenent of FIG 1 positioned to locally heat selected

portions offolldwingcdrawings. TOddMpohbfls irdthe Sravingslrenbl iecdssaglyacsedle.an
enbodi ment of a systemfor providing |ocalized heat treatnent. [0011] FIG
4 is a schavmtowerdn #grdrawiafs,dike efdrenienunieralé desigrate corgespgendiraeparts
throughout 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 thie 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]1 FIG. 2 is a schematic diagram depicting an embodiment of a turbine base 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



DETAI LED DESCRI PTI ON [0012] As will be described in detail here with respect
to several exenplary enbodinents, systens and nethods for providing

| ocal i zed heat treatnent of gas turbine conmponents are provided. In this
regard, FIG | depicts an exenplary enbodinment of a resistance heating

el ement 100. El enment 100 is generally forned of a length of wwre 102 (e.g.
NiCr wire) that is attached to one or nore insulators 104 3 (e.g., ceramc
insulators). In this enbodinent, nultiple insulators are provided, each of

which is geagy, %b#ah.&mhuu%rs') CI'%'thnb%nfoﬂaiﬁﬁnﬁﬂﬁltipl%%éiﬁ’e%rs%r@%b@% legbtpr i or

through which the wire is threaded Depen i ng upon the partlcul ar

el ectri cal cﬂ%mﬁ@@ééﬁéﬁhll%ﬂ%ﬁéél fSshafe ahd Reludes?d hSlleW iftericthroBgiPRRIGh gauges
and configurations of wre and insulators can be provided. [0013] The

enbodi ment tpé wirk & threBasd. @ﬂﬂmdﬁg|u9&¢ﬂ'letp@rtiéﬁl9r\/élé'&néép§ﬁd haflg propeitieg to two
areas that are, spaced fromeach other. Notably, elenent 100 provi des a

first heatidegired; 9afbubbizes,thbpes gatgsend coRurtiofRr efvdrd wtinsigaterosan 112, with
a gap 114 being |located therebetween. Note that a single row of i nsul at or s

and an assasdprbdded.ength of wire electrically interconnects the first and
second heating areas, thereby providing electrical continuity to the

el ement[0013P017He dmbatiméritasFiglichasbeen designedes privid decalisst idadngloawent s, whi ch
are current-matched to their respecti ve power sources, varil ous

conf i gur at i avess thét are spatied from diuehlothes. Nethabiypskérment 300 Iprovides ladinst heatiig0, can be
used with the sane power source, details of which will be discussed | ater.
zone 110 that is spaced from a second heating zone 112, with a gap 114 being
located therebetween. Note that a single row of insulators and an associated length
of wire electrically interconnects the first and second heating areas, thereby
providing electrical continuity to the element.
[0014] In contrast to prior art 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 particularly 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 underneath 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



[ 0015] The configuration of the enbodinment of FIG 1 may be particularly
well suited for various applications, such as the exenplary application
depicted in FIG 2. As shown in FIG 2, a section of gas turbine casing 200
i ncl udes several repair welds, such as welds 202, 204, 206 and 208, as wel |l
as welds 210, 212 and 214 that are positioned underneath heating el enent
100. The elenent 100 is attached to the turbine casing so that heat can be
directed toward the welds in order to provide stress relief to the materi al
associ at ed pravides cigemiihfited elebtrivsipivet o theodiementavariowidspettseftheof the el ement
to the casing, various techniques can be used, such as high tenperature
tape or st powkesntrsiies lill now e describeti respdsbloddGy3. t he resi stance heating
elenent is electrically connected to a power controller (not shown) that 4
provi d¢eoi6ur rAsdeplcted ih 4G .63, @n teribodimepbotarsysteni 300 farl provding lodalizedus aspect s of
the power controller will now be described with respect to FIG 3. [0016]
As depi ct edieattreatri@nt Spmprsesrdymivereodtrotiér 302 sy stsistand® Bediting glercant 8049 | ocal i zed
heat treatment conprises a power controller 302, a resistance heating

el ement 304 thermottigied@8) apd @ ndd@xidizing enviranmenk 8¢8. ZThegpowvev cordroliemt  308. The
power controller receives a voltage input froma power source 310, which
can be a coeceives aonthgelifiput frool & powerisetirce 816, avhichaan dei aneamiventiongld 10 ower
controller converts the input to a current-limted output using a current

| i miter 31Xoltbuttet ini someoerabasirhents.nEmg power sonttolier conyérts the inpublatEer ol | ed
rectifier (SCR). Notably, such an SCR can be controlled either by a

manual |y cenrentlimited putput using e eureent limiter 312 theb in saneempodigents,cay be
proportional - integral-derivative (PID) controller. By altering output of

the power @dlicerordrolighmectifier (SCR). Notably, such an SCR can be controlled either by
a manually controlied input, such as via a potentiometer, or by a proportional-
integral-derivative (PID) controller. By altering output of the power controller 302,
temperature control through heat-up, soak and cool down cycles can be provided.

[0017] 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 resistant enclosure that is flooded with an inert gas, such Argon.
For performing heat treatments, the component 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 vicinity of the heating element, so that heating can
be monitored.

[0018] Optionally, thermal insulation 316 (e.g., Fiberfrax insulation) is used to cover 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



tenperature control through heat-up, soak and cool down cycles can be
provided. [0017] It should be noted that the conponent that is to be heat
treated is located within non-oxidizing environnent 308. By way of exanpl e,
such an environnment can be formed by a heat resistant enclosure that is
flooded with an inert gas, such Argon. For perform ng heat treatnents, the
conponent 314 is placed within the non- oxidizing environnment and one or
nore heating elenents are attached to the conponent as described before

W t h ref er esisseddsopFdoBling?systEhe snErCasLyeehat W6ed iduid (&.g. alatar); i trdvidindhe
conponent, in a vicinity of the heating elenent, so that heating can be
noni tored. dooligB] Optionally, thermal insulation 316 (e.g., Fiberfrax
insulation) is used to cover the heating elenment in order to reduce heat

di ssi paobi9h f Anexdnag eabotimEnt ofa doolingeddvizatis partiaigtdepictedduFiG. dnaisl y or
alternately, a cooling device 318 can be used to provide I|ocalized cooling,
such as to showain BiH. 4G artteat exchangee pertiera40Q dfat coaling davideds altawrhed taxat ed. I n
sonme enbodi ments, the cooling device can be a cooling-fan and or a 5

cl osed- | oopgasdarbinegompenantto puvdte ksalizad codiing ofthe somponeantii The eqaling wat er ), for
providing cooling. [0019] An exenplary enbodi ment of a cooling device is
partial |y cdigyicetnetlides afij@d inlet 402 that hroxides a fiew GF cebling fluit éaconsut Hdhger porti on
400 of a cooling device is attached to a gas turbine conponent to provide

| ocal i zed owhith iaghesmalyheoupledyioa baat exgiange sufacedt06d dhennal eperbyiffe® a | i qui d
inlet 402 that provides a flow of cooling fluid to conduit 404, which is

t hermal | y dbeipeadreatment isdeanstexredh siadhe kaat pxghengmsurfata &g thalcoalingrligyids r om

which is then returned to a circulating pump (not shown) after departing the conduit
via a liquid outlet 408.

[0020] It should be emphasized that the above-described embodiments are merely
possible examples of implementations set forth for a clear understanding of the
principles of this disclosure. Many variations and modifications may be made to the
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.



the heat treatnment is transferred via the heat exchange surface to the
cooling liquid, which is then returned to a circulating punp (not shown)
after departing the conduit via a liquid outlet 408. [0020] It should be
enphasi zed that the above-descri bed enbodi nents are nerely possible
exanpl es of inplenentations set forth for a clear understanding of the
principles of this disclosure. Many variations and nodifications my be nade
to the above-described enbodi nents w thout departing substantially fromthe
spirit and principles of the discl u@@ Al'l such nodifications and
variations are intended to be include ﬁerein Wi thin the scope of this

di scl osur e and RiKRe BbrBlidhg ooalte8 NERAAINH 6 #bEPrhedohiddRent] . A et hod

for providing |ocalized heat Treatnent of a gas turbine conponent, said
net hod conpgidshétfod EstigHsingyi Ng an area of a gas turbine conponent to which
| ocalized heat treatnent is to be performed; positioning a resistance

heating el ement ideﬁﬂffﬁéjaﬁﬁn‘éa%!ﬂﬁlaﬁgtdrlﬂné EcHsdnght tB Yichlictalizdicheat €a, adj acent
the area; electrically coupling a current-limting power controller to the

resi stance treafiidrit ’Go BbpeREHriedand | ocal Iy heating the area using the
resi stance heating elenment, wth power being provided to the resistance
heating el enent pasitning@ resistaRey hedtifig bleR@nt) S¥Ed and shaped to transfer heat to
the area, adjacent the area;
electrically coupling a current-limiting power controller to the resistance
heating element; and
locally heating the area using 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 current-limiting power controller

comprises a silicon controlied rectifier.

3. The method of claim 1, further comprising electrically coupling the current-

limiting power controller to an AC power source prior to performing the heating.

4, The method of claim 3, wherein the AC power source is a 110V electrical

outlet.



controller. 2. The nethod of claim1, wherein the current-limting power
controller conprises a silicon controlled rectifier. 3. The nethod of claim
1, further conprising electrically coupling the current- limting power
controller to an AC power source prior to performng the heating. 4. The

met hod of claim 3, wherein the AC power source is a 110V electrical outlet.
7 5. The nmethod of claim 11, wherein: the nethod further conprises
positioning the gas turbine conponent within an inert gas environnment; and

local Iy heati ngThdRefHoddf bRinPEiHRdRd I n the absence of oxygen. 6. The
met hod of claimb5,wherein the inert gas is Argon. 7. The nethod of claim1,

further conpri sthaeheMoaRMHLS chihBrisds PBsifidiing the gas Riptisd empdnBRdtihidare! ement i n
thermal insulation prior to the heating. 8. The nethod of claim11, further

conpri si ng ifePQJas RevidbnARnt; i@ of the conponent during the heating. 9. The
met hod of claim8, wherein the cooling is perforned by a cl osed-I oop

cooling devi ce |p&iy hb&iHgdneiedGEperiorti8d MARd hdntd\éoxyger,. 0 be cool ed. 10. The
met hod of claim 1, wherein the resistance heating el enent conprises N C

wire and ceramic insulators, 11. The nethod of claim1l, wherein the gas
turbi ne conponent is a turbine

6. The method of claim 5,wherein the inert gas is Argon.

7. The method of claim 1, further comprising wrapping the area and the

resistance heating element in thermal insulation prior to the heating.

8. The method of claim 1, further comprising cooling a portion of the component

during the heating.

9. The method of claim 8, wherein the cooling is performed by a closed-loop

cooling device positioned adjacent the portion that is to be cooled.

10. The method of claim 1, wherein the resistance heating element comprises

NiCr wire and ceramic insulators. -

11.  The method of claim 1, wherein the gas turbine component is a turbine

casing.

12.  The method of claim 1, wherein the heating is performed by manually

adjusting output of the current-limiting power controller.



casing. 12. The nethod of claim1l, wherein the heating is performed by
manual |y adjusting output of the current-limting power controller. 8 13. A
met hod for providing |ocalized heat treatnment of a gas turbine conmponent,
said nethod conprising; identifying an area of a gas turbine conponent to
which localized heat treatnent is to be perforned; positioning a resistance
heating el enent, sized and shaped to transfer heat to the area, adjacent
the area, the resistance heating elenment conprising wire and at | east one

ceram c 1 N5t At RietfleA5t frbiding lochRAR hpAGreBtrfitf bANGad diitd QingBR¥RY cont rol | er
to the resistance heating elenment, the current-1Tmting power controller
not bei ng &laffhéthe@bdnip ched to the resistance heating el enent such that

vari ous other resistance heating elenents of various electrical

characteristi Csid@ﬁtﬁyihﬁé‘t%l"ea%5'@aﬁﬂﬁbiﬁé’é&nﬁ‘ﬁ%éﬁﬂtﬁygieﬂ%caﬁ%ﬁeﬁO”t roller; and

| ocal |y heating the area using~the resistance ting elenent, with power

bei ng provietndm idthBe pBFbmicance heating el ement via the current-limting
power controller. 14. The method of claim 13, further conprising assenbling

the resistance Besioning a reSiSBRES hdaing 6ERBAD S Fark SHapkd B4rasicPRedtito t he ar ea
that is to be heat treated. 15. The nethod of claim 14, wherein the
resi stance tA€afeaNahjfleRMAB breatHRTESiRENce heating element comprising wire and at
least one ceramic insulator;
electrically coupling a current-limiting power controller to the resistance
heating element, the current-limiting power controller not being electrically matched
to the resistance heating element such that various other resistance heating
-elements of various electrical characteristics are usable with the current-limiting
power controller; and
locally heating the area using the resiétance heating element, with power

being provided to the resistance heating element via the current-limiting power

controller,

14." The method of claim 13, further comprising assembling the resistance heating

element to accommodate a configuration of the area that is to be heat treated.

15. The method of claim 14, wherein the resistance heating element comprises a

length of NiCr wire threaded through cylindrical ceramic insulators.

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

component during the heating.



|l ength of NICr wire threaded through cylindrical ceramc insulators. 16. The
nmet hod of claim 14, further conprising cooling a portion of the conponent
during the heating. 9 17. A systemfor providing |ocalized heat treatnent of
a gas turbine conponent, said systemconprising: a resistance heating

el ement having a wire and at | east one ceramc insulator, and a
current-limting power controller having a silicon controlled rectifier, the
power controller being operative to receive electrical power frogman AC
pover sourte afidYEiEMIPRIPYiding (oealizad heat freatorpent pha g3s WHinefomPENeRy: t he

resi stance heatin el enent. 18. The systemof claim 17, further conprising
means for $YIEMCPRREINGn of a gas turbine conponent located in a
vicinity of an area of the gas turbine conponent that is to, bei heat
treated. 19. Th8 SN NGALNG element Saving,a wire and ghleastone CPEMICHBIARG i s a

cl osed-1oop cooling device. 20. The systemof claim 17, further conprising
a chanber iTit%o which the gas turbine conponent is to be positioned, the

chanber being operative.to receiv | qw of. i ner s suych that oxygen is
purged from abogtc"??fg'\{‘ﬁ‘éig‘gtpﬁ?”ﬁf ?Pé‘ge%ﬁﬂ%? S&B‘?’l ?@E’Oﬁ%&f?m&‘f%é’i% nt. 10
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.

18.  The system of claim 17, further comprising means for cooling a portion of a
gas turbine component located in a vicinity of an area of the gas turbine component

that is to be heat treated.

19.  The system of claim 18, wherein the means for cooling is a closed-loop

cooling device.

20. The system of claim 17, further comprising a chamber into which the gas
turbine component is to be positioned, the chamber being operative to receive a flow
of inert gas such that oxygen is purged from about the gas turbine component during

heat treatment.
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