METHODS FOR REPLACI NG COVMBUSTOR LI NERS FI ELD OF THE | NVENTI ON Thi s

I nvention relates generally to gas turbine engines, and nore particularly,
to nethods for replacing forged unitary conbustor liners used with gas
turbi ne engi ne conbustors. BACKGROUND OF THE | NVENTI ON A turbi ne engi ne

I ncl udes a conpressor for conpressing air which is mxed with a fuel and
channel ed to a conbustor wherein the mxture is ignited within a conbustion

chanber for generati ngMBHEBHHAR REFLHEINEG CAMBESEORsore known comnbust ors

i nclude a done assenbly, a bolt banimg Sand | iners to channel the
conmbustion gases to a turbine. The UI’%I ne extracts energy fromthe
conbustion gases for powering the conpressor, as well as produci ng useful
work to propel an aircraft in flight or to power a |oad, such as an

el ectri caffl SERTHE INVHENTIONr s are coupled to the donme assenbly at an
upstreamend with the bolt banding, and extend downstreamfromthe bolt

bandi ng t%ﬁﬁﬂv@ﬁti&ﬂ*?el&t@i‘%@ﬁérmgﬁ ltf?] irgtﬁmﬁz'bine%néiﬁéﬁan& GHBrekpaUELIAAYIE0S are

formed from forged and nachi ne ary bodies that i1nclude a plurality of
cool i ng shsthodsfat reptasingeforgaddutitary aerabusidr] §neio nseddw sl @ah Smbinegengier t i ons.
Accor di ngIC%{ btsger regions of the liners adjacent such cooling slots are not
subj ect ed %}? Ssame degree of heat as other portions of the |iner that
are adj acent the conbustion chanber, and as such, during operation thermal
stresses BRYCHERONNDEF THEIINVENTI®ON | ner. Over tinme, continued operation
with thermal stresses may cause |liners to thermally fatigue, causing
weakeni ng ,and/ or cracki r’ig to devel o ithin the 1] ne}{l%h Current. repair

met hods i At FEREC\RBBRP ARSI RS hETPIEEToh b CHBRIREINeARAHgh R Txed ¥R fes  nay
be at t achggh bad 88@slc@to h cHBbSstbNIherBinhRAKERSY idhitch RAIHIRE cSibERRAS -

However, if the thermal stresses have induced thermal fatigue or distress
i n | ar ger chamabes f geherating hot combustion gases. At least some known combustors
include a dome assembly, a bolt banding, and liners to channel the combustion gases
to a turbine. The turbine extracts energy from the combustion gases for powering the
compressor, as well as producing useful work to propel an aircraft in flight or to
power a load, such as an electrical generator. The liners are coupled to the dome

assembly at an upstream end with the bolt banding, and extend downstream from the

bolt banding to define the combustion chamber.

At least some known liners are formed from forged and machined unitary bodies that
include a plurality of cooling slots that are defined by integrally-formed overhanging
portions. Accordingly, the regions of the liners adjacent such cooling slots are not
subjected to the same degree of heat as other portions of the liner that are adjacent the
combustion chamber, and as such, during operation thermal stresses may be induced
within the liner. Over time, continued operation with thermal stresses may cause
liners to thermally fatigue, causing weakening and/or cracking to develop within the

liners.

Current repair methods include welding thermal fatigue cracks. Additionally, patches
may be attached to areas of liners that are weakened by thermal stresses. However, if
the thermal stresses have induced thermal fatigue or distress in larger areas of the

liners, because of the complex shape of the liners, the combustor may not have
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| i ners, because of the conplex shape of the liners, the conbustor may not
have -1 enough structural integrity to enable patches to be attached.

Furt hernore, depending on the severity of the distress, welding patches
within the liner may lead to a loss of dinensional stability of the liner.
I n such cases, repair of such liners is not a feasible option, and instead
the entire conbustor liner is replaced. Because the |liner is coupled to

the bolt sapuEhavirchmd igteaatyde sapbleypatches tonbe pitached.i Fartheompres dependingt be

di sassenbl . j . . it . t f asteners
areronovadny RyekiBpol fBRistits, AIGRRRREEE vt ETAR oy (80 B 8

rel at i ons dithedsieahsthbititycafithe tiaat sinsayh bees Irewaiel aioh liasrsds netsaifdasibipeci al

tooling may .be required durin e-assenpbly. Thus, replacjng.a forged
conbustor OPfifan H%Fq.?éiﬂﬂf‘gem’é%ﬁ s @t%rﬁmeglsrfs@lawé- Pecrye A FRRP

expensi ve (prae ek bR Bhid SHYMARYe Gosehity, DYENthNnlif BRLASHL Glust GeTet hod

is provided for replacing a gas turbine ‘engine conbustor liner, wherein
t he conbudisesseindteda farothisuléndroio ko meplaeadme dFubhermomer wherd thau tfasteriersneres, and

the inner and aut.er ljners each include a ralit. f cooli f eat ures
that are FoRmes BB SnBhE BG D AbsnafePblh dricit. M el drffier o e
met hod compfwess Sthé Wokipdfents MiBUBE alferddeasd a®Rerepfilt,! §RciDAdYIEOmay i2er and
outer liner aft of an overhanging portion, such a portion of the combustor

li ner upsEPBEne fRuBHREt 1seaseamrbly e mERUFs Terlepire @ fapedhrembesborc Baguiscidingr enovi ng
the port! ooiele 408 nfQERISIRL cbdfiffind AR expBudid pbesle cuUt. and | nstailing

a repl acenent 11 ner thin e co stor “su at the replacenent |iner
extends of ward fromthe portion of the conmbustor liner that is upstream
fromthe BRIEF SUMNYORWEF AEHEINVEINTION i nvention, a method is provided for
replacing a portion of a conbustor liner within a gas turbine engine

combuetof 1y IEESLD, L AEABOTRHE R BB SRR L s B B M 1
fl ange f orRebimthedcodthilRflk haamentusioreasie fhinkeal by Thier a®l baer liners, and

the inner and outer liners each include a plurality of cooling features that are formed

by overhanging portions of the inner and outer liners. The method comprises cutting

through at least one of the combustor inner and outer liner aft of an overhanging

portion, such a portion of the combustor liner upstream from the cut remains coupled

within the combustor, removing the portion of the combustor liner that is aft of the

cut, and installing a replacement liner within the combustor such that the replacement

liner extends aftward from the portion of the combustor liner that is upstream from the

cut.

In another aspect of the invention, a method is provided for replacing a portion of a
combustor liner within a gas turbine engine combustor, wherein the combustor has a
combustion zone formed by an inner and outer liner, and the inner and outer liners
each include a support flange formed at a downstream end of each liner. The method
comprises cutting between an outer surface and an inner surface of at least one of the
inner and the outer liners, removing the portion of the at least one of the outer and
inner liner that is aft of the cut, and installing a replacement liner into the combustor

to replace the portion of the liner removed from the combustor.



conprises cutting between an outer surface and an inner surface of at |east
one of the inner and the outer liners, renoving the portion of the at

| east one of the outer and inner liner that is aft of the cut, and
installing a replacenent liner into the conbustor to replace the portion
of the liner renoved fromthe conbustor. -2 In a further aspect, a nethod
for replacing a portion of at |east one deteriorated conbustor |iner

within a fae fugther aepeehgi methodnfhuseplacing ppesiotieef. ataleasteens defadorated

deteriora ' . ] e ' r f . surf.ace. The
met hod ctggrrgﬂr)illgsfgrgﬁ%éﬁﬁ% it%lg ?&%gl]a pi%%t%%%%gﬁo‘iﬁ%{bgelg g’r@%@%‘edﬂ I lle%g ronlget ween
t he out er dateflotafedefiners innchrlee san irgeD \surfaicd Aed p@r buten saiffadene Thet metiodat ed

conmbustor liner that is aft of the cut _fromthe conbustor, and .installing
a repl aceﬁ%lﬁpnﬁsrf@#mgn&a@ahﬁ&H@B&%ﬁa%‘e&%ﬂrﬂwp%@w% ST AAGnnsthe | i ner

removed f E&%&Q%eﬁ@%ﬁ%fﬁoﬁi&%%e%ﬁ&ﬁé& Ehhiks oI'ﬂ'ﬁeWs'ﬂ%fﬁh@Eﬁtel lis

t
schematic 1llustratio a gas turbine engl ne; SF| gure 2 Is a partia
cr oss- secfioontie combusiof, zd iesteltipg arrgplocenpend flioer Bés drebdomtidstor to mepladse used

with the gas turbi ngi ne sh i.p Figure 1; Figure 3 is an enlarged view
of an exeﬁ}ﬁmorbgﬂtg‘ﬁgli’ rTPPPONE gnﬂ@égewrgﬁusﬁ{e conbustor shown in Figure 2
and taken along area 3; and Figure 4 is an enlarged cross-sectional view of

an exenpl BRIEE PHESCRIPTIONT@F THEURAWINGS he gas turbi ne engine shown in
Figure 2, and taken along area 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 1 is a 1s:(:he tic illustration of a gas turbine engine 10 including a
| ow pr ess&fge graaly illpstrationiof ggas RRIBE FRSIBGpr essor 14, and a conbust or
16. Engine 10 also includes a high pressure turbine 18 and a | ow pressure

turbine 2@ixEonNE aSsRhallRoAldctidial Ridke oRn %&angmgpbﬁﬁbmoraasgérﬁ@y @aft 22,

and conpressor 14 and turbine 18 are coupled by ‘a second shaft”21. In one
enmbodi nenmaydgsisedwightlee gasdunvinelenging showrgoFigaregi:ne commercial |y avail abl e
from General Electric Aircraft Engines, G ncinnati,

Figure 3 is an enlarged view of an exemplary combustor liner used with the combustor

shown in Figure 2 and taken along area 3; and

Figure 4 is an enlarged cross-sectional view of an exemplary combustor liner used

with the gas turbine engine shown in Figure 2, and taken along area 4.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic illustration of a gas turbine engine 10 including a low pressure
compressor 12, a high pressure compressor 14, and a combustor 16. Engine 10 also
includes a high pressure turbine 18 and a low pressure turbine 20. Compressor 12 and
turbine 20 are coupled by a first shaft 22, and compressor 14 and turbine 18 are
coupled by a second shaft 21. In one embodiment, gas turbine engine 10 is a GE90
engine commercially available from General Electric Aircraft Engines, Cincinnati,
Ohio. In another embodiment, gas turbine engine 10 is a CFM engine commercially

available from General Electric Aircraft Engines, Cincinnati, Ohio.

In operation, air flows through low pressure compressor 12 supplying compressed air

from low pressure compressor 12 to high pressure compressor 14. The highly



Chio. In another enbodi nent, gas turbine engine 10 is a CFM engi ne
comercially available from General Electric Aircraft Engines, C ncinnati,
Chio. In operation, air flows through | ow pressure conpressor 12 supplying
conpressed air from|ow pressure conpressor 12 to high pressure conpressor
14. The highly -3 conpressed air is delivered to conbustor 16. Airflow from
conbustor 16 drives _turbines 18 and 20 and exits gas turbine engine 10

t hrough acpBppastedoar iFdgliyased to sombpyen 16 HirBaw- Eant sasHumstoyi dnwdeyesa
conbust or . WL . | engi (shown in Figure
1). Fi guréégmfeg?%%ﬁ%%? glr?dg%%%%aew %ngﬁ%gé??@%&?ﬁhyg%%‘geu%@or 30 taken al ong
area 3. Figure 4 is an enlarged view of a portion of conbustor 30 taken

al ong ar e&ighre Tosriopatial crass-seatitral wesdota tdmigestort3irthatneayebgused wiflOgashown i n
Figure 1, agd I ncl udes doneFassemI%i 32., A fuel in&ject or . (not. shown)
extends i AEBTGSHENGSDSBIYN 5o FUHEP L) B Liisomm Suererd &icvt At & BgHicd

assenbly 3dmbhdte030 tIRMONSHE AfeaZ PNEFiZhreOd 16 QRDMTADED IRvk Qf FOpoHIdA ¥ I - f uel
m xture that is ignited downstreamof the fuel injector Radially outer and
radial ly ic:ﬁmbust@mgb@k@n slgngrarendr Cqmtpistos 38wy eesed ovidugas durbirlej enging 40
forms ann : LO : ustor. 1 iner .shi.el ter and
I nner supggr%g?‘ﬁlgrﬁpng%éerg aéragﬁglﬁ%g aheoar;%e %S(g%néplgt%d %ﬁ%ilﬁeggﬂ&?&?g Oggnﬂzone 36.

More speekiehdsinky dothe Assembi03? and ifectamomiedr fukl thevugh Hoatechsaginisiytder | i ner
44. Each liner 4 and 44 is annular and includes _a_ respective upstream end
46 and 4819tpgrcombustinnrqng 30T capbustes 3@ fhfopmam aigfiel guxtgegbat Sygniggwnst r eam

end 50 andopdsttdddf of the BRYM &Yl © @ turbine nozzle (not shown). Liners 42
and 44 are unitary between’respective upstream and downstream ends 46 and

50, and 48 and 52. In the exenplary enbodinment, liners 42 and 44 are forged
from an emadiabicbuteti awl fadinllyeinnen supporimgemembenshaot skowrdctridneambustor
predefi ne(ilm Each. |l i.nher 42

integrally ?r% 'r“ﬁe‘%n%‘%'% anr%g lafuﬁ?mbl\}\%liog k?mé%%ﬁne%&‘%uslégrgl:i%tgﬁeﬁ%%ﬁég[ﬂlfe??s) f?r](c)afndeach
conbust or idred euppbétirelerhBers @oinethel Hetegendrhted within combustion zone 36. More
specifically, liners 40 include an inner liner 42 and an outer liner 44. Each liner 42
and 44 is annular and includes a respective upstream end 46 and 48 that is coupled to
dome assembly 32, and a respective downstream end 50 and 52 that is coupled to a

turbine nozzle (not shown).

Liners 42 and 44 are unitary between respective upstream and downstream ends 46
and 50, and 48 and 52. In the exemplary embodiment, liners 42 and 44 are forged
from an enhanced oxidation resistant material that is machined to predefined
dimensions. Each liner 42 and 44 includes a series of integrally formed steps 54,
which each form a distinct portion of each combustor liner 44 and 42. Quter liner 44
and inner liner 42 also each include a bolt band 60 and 62 positioned adjacent to dome
assembly 32, Liners 42 and 44 are connected downstream from bolt bands 62 and 60,
respectively. Bolt bands 60 and 62 each include a plurality of openings (not shown)
that are sized to receive fasteners 66 therein for joining combustor assembly 30 by
securing liners 42 and 44, bolt bands 60 and 62, and a cowl assembly 68 to dome

assembly 32.

Each combustor liner 40 includes a combustor liner surface 80, an exterior surface 82,

and a series of overhang portions 84. Combustor liner surface 80 extends from dome
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and inner liner 42 also each include a bolt band 60 and 62 positioned

adj acent to done assenbly 32. Liners 42 and 44 are connected downstream
frombolt bands 62 and 60, respectively. Bolt bands 60 and 62 each include
a plurality of openings (not shown) that are sized to receive fasteners 66
therein for joining conmbustor assenbly 30 by securing liners 42 and 44,
bolt bands 60 and 62, and a cow assenbly 68 to done assenbly 32. Each
conbust or apsepbly ¥Dtq the hubiwe nazdenbombestor lings suderdrndgyterion sefacerdor

: | _ _
20 oxt ondd"s s BAecia B EPudvaiFL ARt REGh OB, Srta MORRMILORG  DC or | hner

surface 80 and exterior surface 82 are connected together at overhang
portion 84 phdakityr of airfoealing dedtmgs S8gext8bds threighr Bhers 2o hndi44: c ddbieng

features 88 extends throygh liners_42 and.44. Nb specifically, _each
over hang BT 6RO YRHIPR RO, B il ARl e bePeetSs %9 SFand each
ai r-cool i Rgq bEM di-EodtRpTdRRER dxidnay @lohdBkes 42 add a4 GdvRREl WeeDedive

respective adjacent overhanging portion 84 and step 54. Air cooling
f eat ures 8djacentlovcbanging porion 8¢ ind aigh St Adr epoling eatnrax8 inglude pessages ai r

from an- ol RLEMNIR (BOhSPONN (oL oGy SILR RESRERE] YR gNAdaRY cof ol

bet ween hiﬂbtﬁ glgases 0 roug ombustor 30 and

conbust or thihiebtestive BaRdSY. ofRAE BethieBe highXemperatide icombuddd @séefipeitil ve
annul ar support flange 100 and 102 that is forned at each respective liner
downst r earthireigh eanbysiprSd. angombuistog finpresyrpce 8G-n the  exenpl ary enbodi nent ,

each support flange 100 and 102 is forned integrally with each respective

l'iner 42 angd, fiffer SURROI4 inEitﬁ@QE%est&iv@@ﬂn&lggsﬁ?SﬂlfﬁlﬁgeTl@O SF YR te iscoupl e
each conbustor liner downstream end 48 and 52 to the turbine nozzl e

assenbl y. fonmedret cactbredpertine linet ddvemtearoreed 48ppd52. Maregpedifioaly;, inde i s
fabricated. fromth ane, material used i,n.fabricati t he remai nder of
cach respeerbE PREpERSR AT hiebors Aifes: 1o, A ABEH tped et e i PG,
support f leagtgfespéfivenindP42 iadd f4abr $igpbRdlangeO M@ asd 102 enhsddabaeb@tlyt han t he
material used in fabricating the remainder, of each .

couple each combustor liner downstream end 48 and 52 to the turbine nozzle

assembly. In one embodiment, at least one support flange 100 or 102 is fabricated

from the same material used in fabricating the remainder of each respective liner 42

and 44. In another embodiment, at least one support flange 100 or 102 is fabricated

from a different material than the material used in fabricating the remainder of each

respective liner 42 and 44.

In the exemplary embodiment, a layer 110 of thermal barrier material is applied on
each combustor liner surface 80. Thermal barrier material further insulates combustor
liner surface 80 from high temperature combustion gases. In an exemplary
embodiment, thermal barrier coating material is commercially available from
Englehart Industries, Wilmington Massachusetts. Alternatively, thermal barrier

material is not applied to liner surfaces 80.

During operation, as atomized fuel is injecting into combustion zone 36 and ignited,
heat is generated within zone 36. Although air enters combustion zone 36 through
cooling features 88 and forms a thin protective boundary of air along combustor liner

surface 80, a variation in exposure of combustor liner surfaces to high temperatures



respective liner 42 and 44. In the exenplary enbodi nent, a |layer 110 of
thermal barrier material is applied on each conbustor |iner surface 80.
Thermal barrier material further insulates conbustor |liner surface 80 from
hi gh tenperature conbustion gases. In an exenplary enbodinent, thernal
barrier coating material is comercially available from Engl ehart

I ndustries, WImngton Massachusetts. Alternatively, thernmal barrier
material mayngducspieraal strgsses risio Hiars 40esA8@. Tavu joh poppares: Pxnesurgstoat oni zed
fuel is i t ed, heat is generated
W t hin zoﬂ%e%%f ﬂ%ﬁgt E OQ/e R%?ﬁﬁer Jggéﬁg%n‘got?ﬂs{@%%ﬁ%%ﬁg 36 through cooling
features 88 and forns a thin protective boundary of air along conbustor

l i ner suﬂemr'mraﬁéﬂ r@imrdfa:bfrrbustbnlieetpdﬁunaybé ranesed sindrreplaceelr using thaces to

hi gh terrper ce ther tresses into | s,.40.. As a
Feaul t “of T Ggrsibed Bt by PERErTius deFROSEEeeBaTp LI HaRs 40 may
becone deygrizgf %E %mo% ehd eEAARE B RSmethoa® MBsSed Heldde! Sif 40fismy be
renoved and replaced using the nethods descri bed herein. Mre

speci fi cakétyrnedengineopagheds eegihend, dicledes radrleast mae dmermratedmnm;#%@ renoved
and repl a%‘%ﬁurﬂ?e en%a],t 1%%8@ ?%Sgorlﬁl{l{l%ﬁ or 11%r e-!l(g' Mc?e‘teg efcﬁ]fc ﬁg, das rnEd

engl ne, such as eng eas ornie i Or a gr 40, a
ci rcunf er gnFigate Il,lithe b@t 1§r&ﬁdeﬁ':iﬂi£ll},gthrditgﬂ’ﬂim&f% dsllﬂ@dﬁaﬁa witib tiftle $PBC{dri cal | y,

as shown jn Fig is made radially through |iner 40, as

i || ustrat éHeWtE‘F?IX WHE 111122120 (aéﬁhovam frekighie Yesyeh \&h%tﬁhfr Pwecxm#s Somsliegin i n
Figure 4) ox@HoNsurfy ?& 85 e 1ifithin Ersﬁ Mdd fKeh ma%tfﬁ%&; 1?4%1* RGk 482 to
liner interior surface 80, an suc at” a portion 124 I ner 40 renains

secured wretmalm saminds wghin3Gmbustos %beMdrc csghchfj(;allyheha: ot nssmaxiaadmdtadalgh ally
inwardly and sli t. ft. f.rom an 4 of respecti.ve ov.
bor 1 on’ saradly S slithf 40 BRTaoRE T oG whbesfiyt SRERERgEPBRISh RAdHaG0
Support f iR@eeddGrodt ths@étekidratdieRgioH b€ HHE £, S@gsh flahad 160"& 2tis Ecar at ed
region of liner 40 is renovabl e from combust or

uncoupled, such that the deteriorated region of liner 40 is removable from combustor

30.

After deteriorated regions of liner 40 are removed from combustor 30, a replacement
liner portion (not shown) may be coupled to combustor liners 42 and/or 44. The
replacement liner is formed to include cooling features 88 and a respective support
flange 100 or 102, such that the replacement liner is sized substantially identical as the
deteriorated region of liner 40 being replaced, and such that liner 40, for all practical
purposes, is returned to substantially identical dimensions compared to the original

predefined dimensional requirements.

The replacement liner is then welded into combustor liner 42 and/or 44, such that the
replacement liner is welded to an existing portion of liner 40 that remains secured
within combustor liner 42 and/or 44. More specifically, an upstream side (not shown)
of the replacement liner is welded to a downstream side of the existing portion of liner
40. In one embodiment, electron beam, EB welding is used to secure the replacement
liner within combustor 30. In another embodiment, tungsten inert gas, TIG, welding
is used to secure the replacement liner within combustor 30. Support flange 100 or

102 is recoupled to the turbine nozzle assembly, and thermal barrier coating material
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After deteriorated regions of liner 40 are renoved from conbustor 30, a
repl acenment |liner portion (not shown) nay be coupled to conbustor liners
42 and/or 44. The replacenent liner is fornmed to include cooling features
88 and a respective support flange 100 or 102, such that the repl acenent
liner is sized substantially identical as the deteriorated region of |iner

40 being replaced, and such that |liner 40, for all_ practical  purposes, is
returned meysilisethenepiedyon demleement dinge suifenss8@ onlpaper ev@Odmenbr&»gi nal

predefi ne ' ' | ' e iper st | ded
o comb etisPRRR S0 bEHY LEUAY Sperdd, oRLAEGEERenthRE wichl TERE"E
wel ded t ocambestors BONg Ipanbihen endbodimen, 4 rédicenennilimgr Sedudesdcoakinighi n
conmbustor |iner 42 and/ or 44. re specifically, .an ups(ir am si de _(not
shown) ofPEREES, dpFludiBge it PPhamited ReTdRAUPRS, FoHEHRS AP ot he

exi sting REhbEAUT Bbling Refures®d. | N one enbodi ment, el ectron beam EB wel ding
Is used to secure the replacenent I|iner within conbustor 30. In another

enbodi ment, tungsten inert gas, TIG welding is used to secure the
r epl aceneBecavsaedetoiioriled boemsusteoreglacedSupingr thef |ragthed 1d@cmped herein,s

recoupl ed to,the t I.ne. nozzl e assenbl an hermal bar il erc ¢ I.ng
mator ol cetiSie A SsCRaRRer 6 sBRRE S, MR AR roctt e 5y 50R"0
enmbodi menimpioked sivipdsaipesoiparisom €s rémetitgasd el ading kntive Woatbastot ¢inksci | i tate
extending a useful life of conbustor 30._1n another enbodinent,  the

repl acenefit- | Frdhermees, (Resauseobe isplaceipgyit dinsss ars, d&prmsdnty, bevbHartialyni ted to

rel ocati Ofigny; aqst'bzdﬁ(}ﬁ? 1RHsaa 88srs! 4b, ¢ Fodgﬁ'éiﬁﬁ@' rf&%n&ﬂéé' ér{ gig Jnﬁ@{ tres 88.
Because det Ielrl{:orate ail%erg are reSI a(’:eag usi ng ﬁf?e nmet hod e(s:crl Se(i her ei n,
conbust or per¥@menee aretnot addriely isgavied by tisd reglasemeplliacenent process t hat

facilitates inproved savings in conparison to renoving and replacing
because the re I ners

entire combustor liners, 40., Furthernor | acepent_ |
are 1 or modh oredsREpR Sl B RefoonBiO RRoLR SRR ot ner &
40, aer odyglabiecfop eolbuBRIL thehfitheC T tidiitaryPRAIOr MERCRetibE iReludaditer sel y
| npact ed by the replacenent liners. .
steps of removing deteriorated liner regions from the combustor liner, such that the
deteriorated regions may be replaced with replacement liner portions. In one
embodiment, the deteriorated liner regions are removed by cutting through the liner,
and replacement liners are then welded to the portion of the liner that remains secured
within the combustor. As a result, a method is provided which enables deteriorated
combustor liner regions to be removed and replaced in a cost-effective and reliable

manner.

Exemplary embodiments of combustor liner replacement are described above in
detail. The methods are not limited to the specific embodiments described herein, but
rather, aspects of each method may be utilized independently and separately from
other methods described herein. Each combustor component can also be used in

combination with other combustor components.

While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention can be practised with

modification within the spirit and scope of the appended claims.



The above-descri bed conbustor |iner replacenent nethod is cost-effective
and reliable for conbustors including forged, unitary liners. The nethod

i ncludes the steps of renoving deteriorated liner regions fromthe
conmbustor liner, such that the deteriorated regions nmay be replaced with
repl acenent liner portions. In one enbodinent, the deteriorated |iner
regions are renoved by cutting through the liner, and replacenent liners
are then &2LABMSt o the portion of the liner that remains secured within
the conbustor. As a result, a nethod is provided which enabl es deteriorated

cormbust or 4l i nery fd%%?g%rté?p}}&%ﬂfé)%%ﬁ’%ﬂbﬂl@defnrg@%%ﬁﬁ%sfop ifef A cGhhged ve and

reliable “manner. ments o ustor [ nér replacenent are
descri bedhatiog e combustéinadone foheedrby hmesaml euterdineks, e iadertandtdneerdipesi f i ¢

enbodi nent s .descr.i bed herei n,. but at her, aspects of each nethod may be
i1 zod FRRCHERILR PO SEpaRnecteq R dTIoL PGP FBFHILEPUBOET PORY her oi n.
Each combygie hn® OMBORMRRN 1in6RNsafl S18thBE cHBAsihP theC@Rigrat i on wi th ot her
conmbust or conponents. Wiile the invention has been described in terns of

various specific enbodinments, those skilled in the art will recognize that
the invention eafingdhiongl el fast one of thewentouster imner whd ieter diner eBiofian and
scope of . Gl gj -7 : | agl g .a gas

t ur bi ne etﬁgg’“ﬁ gﬁ)@%%%gfsﬁo%f g';l(irﬂrsleel P ,OEH%% (E%b%oi?%@oqﬁgﬁ&? g’& glgéagg %ﬁﬁ: tﬁll % %Utz one
formed by rémaias camiedomitlen thd comlsistorhe i nner and outer liners each
including a plurality of cooling features forned by overhangi ng portions of

the inner and outer Liner.|i s, said nethod conprising the steps of:
cutting t hrougFemBeVing demoginn ‘Urkft{’?ﬁ‘ﬁn@ﬁﬂfgg’faﬁ%afﬁﬁ 0 élilﬁjc"glﬂ'gr liner aft of
an overhanging portion, such a portion of the combustor |iner upstream

fromthe cut fieeEiinsaeqealniiihdt withih hd SHIMER R such R Vhd @plddemaar ti on of
the conbustor liner that is aft of the cut; and
liner extends aftward from the portion of the combustor liner that is upstream from the

cut.

2. A method in accordance with Claim 1, wherein each liner includes an
upstream end, a downstream end, and a body extending between, said cutting through
at least one of the combustor inner and outer liner further comprises cutting radially

through the at least one liner a distance from a downstream end of the liner.

3. A method in accordance with Claim 1 or 2, wherein said installing a
replacement liner further comprises welding the replacement liner to the existing

portion of the liner that is secured within the combustor.

4, A method in accordance with Claim 1, wherein each liner includes an
upstream end, a downstream end, and a body extending therebetween, each liner
downstream end including a support flange used to couple the liner within the
combustor, said cutting through at least one of the combustor inner and outer liner
further comprises cutting through the at least one combustor liner such that the portion

of the liner including the support flange is uncoupled from the combustor.



installing a replacenent liner within the conbustor such that the
repl acenment |iner extends aftward fromthe portion of the conbustor |iner
that is upstreamfromthe cut. 2. A nethod in accordance with Claim1,
wherein each |iner includes an upstreamend, a downstream end, and a body
extendi ng between, said cutting through at |east one of the conbustor
inner and outer liner further conprises cutting radially through the at
| east one 3t i ne dnethed dRceccprdsnse velmideine dm @g@e@f instpdling gerleas ong net hod
Inaccor d? Seotlehd lge?' %FIO .rcoﬁ‘lp J%Eerc%hﬂi idy Iﬁ?éeﬁleh{ Nehef infsﬁalr%f gment
|l iner further conprises welding 'the replacenment Titner to the existing
porti on ofdotvhstrdarmerd thh@ahcludessempped flangd) withithéhecombugsor. 4. A nethod in
accordance with Claim1, wherein each liner includes an upstreamend, a
dovvnstrea? end,, an .bod¥ ﬁxtendj ngrtlthere tvveen,d. ea(gh | i ner .downstream
end incl ufli ng & BISHISSrR aPuree il 20 0ne b s REAdime ety pihersin fe
combust or ingAirdhfde$ bh NEndr HuAHENadt ah @kt s@TfceDkaill HBctROITAUEIP colnpASss and
outer liner further conprises cutting through the at |east one combustor
| i ner suclappliiaxg theamgobatrieh maggrial He theniaper pafasgi ofgeacheroplaspoent linginge i s
uncoupl ed . 5. A nmethod in accordance with Caim 4,
wherein i %&é‘gﬂ%mglng@%}%gg%ggt%e repl acenment |iner further conprises
coupling a replacenent liner including a downstreamend that includes a
support fl7ange A metiidnfor replacinp uspication 6f aAcomitubiod linar acthor daas eurhirteh any
one of the preceding clains,, wherein each . li.ner ing¢lud an . nner surface
and an oUFBENE SPRAESOT, L EPTHRSRE MR S HER PoRe formsg by | HignE el
barrier mayuekidkr, the iiRr iaRd PutGUideds 8add indR@AMg £RUARIMRRId foR@kd affat ached
within the conbustor. 7. A nethod for replacing a portion of a combustor
| i ner wi t downsirggasendefisedelinegngiihmethodisamposing theestenseidust or having a
conbustion zone formed by an inner and outer liner, the inner and outer
liners each i “%kﬂ!%gﬁ%t@ee%“ﬁp8ﬁt%%§ﬁﬁz[weanh‘%{n%ﬂeﬁéurﬁce SPWPSLLERE §PfheO! each
|l iner, said nmethod~conprising the steps of:

inner and the outer liners;

removing the portion of the at least one of the outer and inner liner that is aft

of the cut; and

installing a replacement liner into the combustor to replace the portion of the

liner removed from the combustor.

8. A method in accordance with Claim 7, wherein the combustor further includes
an upstream end and a downstream end, a downstream end of each inner and outer
liner including a support flange, said cutting between an outer surface and an inner
surface further comprising the step of cutting through the at least one of the inner and
outer liner such that a portion of the liner including the support flange is uncoupled

from the combustor.

9. A method in accordance with Claim 7 or 8, wherein installing a replacement
liner further comprises welding the replacement liner to the existing liner portion that

is secured within the combustor.



cutting between an outer surface and an inner surface of at |east one of
the inner and the outer liners; renoving the portion of the at |east one
of the outer and inner liner that is aft of the cut; and installing a

repl acenent liner into the conbustor to replace the portion of the |Iiner
removed fromthe conbustor. 8. A nmethod in accordance with Caim?7, wherein
t he conbustor further includes upstream end and a downstream end a
downst r eartlend Aoineé}w@ﬁnlﬁﬁ%ﬂaf&fﬁd”@u?&im T pnér Wh?@lm@ﬁﬁﬂgmﬁ %Lﬂﬁb’@ﬁmﬂﬁﬂ ange,
said cutti r r

corpr i si ndiFh e EnAitel defling st AGSAAAE 1A, 1PBlne SHEBR N 08 an
out er | i nekisting hiné¢riymttian thairit smurea]fwiﬂliiﬂﬂha ¢udbustee) udi ng t he support flange
is uncoupled fromthe conbustor. 9. A nmethod in accordance with Caim?7 or
8, wherein installing a replacenent |I|iner further conprises welding the
repl acenent liner to the existing liner portion that is secured within the
conmbustor. -9 10. A nmethod in accordance with Caim?7 or 8, wherein
installing a replacenent Iliner further conprises welding a replacenent

i ner including a support flange to the existing liner portion that is
secured within the conmbustor.
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