METHODS FOR REPLACI NG COMBUSTOR LINERS FIELD OF THE | NVENTI ON Thi s
invention 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 ncludes a conpressor for conpressing air which is mxed wwth a fuel and
channeled to a conbustor wherein the mxture is ignited within a conbustion
chanmber for generati ngMidJiHQGDHIFOR REALAGING. CAMBUESBORSone known conbustors
i nclude a done assenbly, a bolt banﬂhﬁ%%$and | iners to channel the
conmbustion gases to a turbine. The 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
electricafﬁgéhQWéﬂﬁﬁﬂﬂVﬁ%ﬂHOhbrs are coupled to the done assenbly at an
upstreamend with the bolt banding, and extend downstreamfromthe bolt
bandi ng t ef.lne: th | champer.. At |east sone kngwn.liners are

f or med frglrhgf %&%ﬁ@ha%?q%ang%%% n 52519'51880%“%?6?%%@ Ot (PAEes) i o | ty of
cool i ng sheti®ds at replaeingdebiged dinliyryl donetgk@k liyiefsQise® dyitv g4 RAThO GngiROr t i ons.
Accordingly,, the regions of the liners adjacent such cooling slots are not
subjectedc%BmFHE&sane degree of heat as other portions of the liner that

~are adjacent the conbustion chanber, and as such, during operation thermal

stresses BRAYKEROUNISef T gVeNiiieN | ner. Over tine, continued operation
with thermal stresses may cause |iners to thermally fatigue, causing

~ weakeni ng and/or cracking to develop within the liners. Current repair
rfjt hods ificitee orgies igludse pragmptessorgfoe comprdssing Addivhicbriaintiyed pathches

fuel and channeled to a combustor wherein the mixture is ignited within a combustion
chamber for generating 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
) o 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, cansing 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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may be attached to areas of liners that are weakened by thermal stresses.
However, if the thernmal stresses have induced thermal fatigue or distress
in larger areas of the Iliners, because of the conplex shape of the liners,
t he conbustor may not have 1 enough structural integrity to enable patches
to be attached. Furthernore, depending on the severity of the distress,

wel di ng patches within the |I]jner | ead to a | oss_of di nensional
stability %’f’ugfhétr?‘%t“ﬁé]r 1ntqgﬁt>éi9cwatef§a§§§he$ b pllagh uERRGTIREFSs dFREIEIE o
feasible @phkQBverindf tRSEifALs, QBB alcBes RIRISHE Nink AEY 1dad th @Rb&CcEHH.

S, .
Because the liner is coupled 'to thé bolt band and the done assenbly, often
the enti r dimersions stabwitisef the lingt. siswelmvhsss, 1epair ohsichiliners is ootrefaasipleaced.
Furt her norg,. . f r r removed fr t he |+ band and done
nasent! y. Gugil it @7 LRIE ChuBllor P RIER AR RS i in@R ORI be

altered and s bolr datd tandstheciléthe taagdnililg, 6f¥n GBe dneewlicoLBudton n@t be
repl.acj.ng a forged conbustor liner including cooling

re-assenbl y. Thlﬁ,

sl ots may dsessembleds foro they indgtoa hey Teniacedsi Vartherase s wherither fastammsrateor THE
| NVENTI ON ifeh tRe [ 0 r [ ' here is
provi ded 5é%g?%g§%fog ?gglggﬁng§gggg§:%ﬁ%@@léI%%g%%ghg%ﬁg%%?%gm%?ﬁer, t he
conbust or biebwdengtha @omivusits onay beradtefedr areldaby tesuier speoidl dodleg fnandres, t he

i nner and outer, liners each.including.a. plugali 0 00J.i ng features

for med by “SUMEH SR SR By AgbiRvng e ke teBbustat bt el °Sai o
et hod corpslidd H6ts s beladRBe-8dnsumitid dndexpBiPHIoadss| east one of the
conbustor inner and outer liner aft of an overhangi ng portion, such a
portion of the conbustor |liner upstreamfromthe cut remains coupled

wi thin t hSRIERGEYIMARY QInBHEANVERETIONY t i on of the conbustor liner that is
aft of the cut; installing a replacement liner within the conbustor such

that the %[%@J)ﬂﬁ%rﬁg% firdt HEpec® ot M Sresdk iAok rtﬂg?ﬁéig‘i)r&%éd R hdhod R

~conbustor |1 ner I's upstreamfrom the cut’
replacing a gas turbine engine combustor liner, the combustor having a combustion

zone formed by inner and outer liners, the inner and outer liners each including a
plurality of cooling features formed by overhanging portions of the inner and outer
liner liners, said method comprising the steps of: 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 cuf; 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; and
coupling the replacement liner including a downstream end that includes a support

flange, within the combustor.



coupling the replacenent |iner including a downstream end that includes a
support flange, within the conbustor. -2 According to a second aspect of

the present invention, there is provided a nethod for replacing a portion
of a conmbustor liner within a gas turbine engine conbustor, the conbustor
havi ng a conbustion zone forned by an inner and outer liner, the inner and
outer liners each including a support flange fornmed at a downstream end of
each liner, said nmethod conprising the steps of: cutting between an outer
surface and an inner surface of at |east one of the inner and the outer

liners; rexauidigs foesde6hid hpectaft tﬁé1§r|e§ént ihRARbN, A& e @ plolRie@ ULRELSDN bl NNEr

liner that is aft of the cut; installing a replacement liner into the
conbust or rejagiepppetiamhel p spmbuesionoliner eithin megas rtarbineeehgincoeanbustasothisust or ;

d i ] d h 449) '
ange t CORLAAE BERLAT SR R Brhef B ol abr B B0 o Rl ot ot

t he presewputer hventchchincluidige suppdt AuhgefdrBedat hddvifsatam e bfiedchdindr,por ti on
of at |east. one qgterionated conbustor liner within a gas turbine engine
combust or Sdifieethed camprising thegstens, ol cHiting hefwesn ameyterdustica and SAARNS ur f ace

and an  Ouf@iceiiat RE& on2rthd Rk dSREBLfeF Hﬁ'&s, IQHlt()H-n%gh% ﬁ%itiﬂh oy t};emt ough the

at | east one deterlorated.llner etween the outer a er surfaces;
renovi ng ie¢ast grerafitomowér andénieer linkrethst is efief thet aut;iiostalliog a coplinestent lindrner t hat

is aft of .the cut fromthe conpustor; installing a replacement liner into
the conbuél}t?)&hff 801}1%%? R Pllgceggﬂf’tl?o(g{ﬁmbf’kf_ S oqueﬁg‘\r/‘e © CPERPEAE
conbust or andReuglRigntht Replidetehe RhACATBA td tHREEonMisto® MinkzOr SlfportCRaHRE St Or
using a support flange formed at an aft end of the replacenment |iner.

BRI EF DESERetoaiharcplrremeRANENGS Figure 1 is schematic illustration of a
gas turbine engine;
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Figure 2 is a partial cross-sectional view of an exenplary conbustor
assenbly that may be used with the gas turbine engine shown in Figure 1;
Figure 3 is an enlarged view of an exenplary conbustor |iner used with the
conmbustor shown in Figure 2 and taken along area 3; and Figure 4 is an
enl arged cross-sectional view of an exenplary conbustor liner used wth

the gas turbi e engi shown j ure 2, aken al.ong are 4. DETAI LED
DESCR! PTI é\? %tRW%RPﬂe@\PflliF@W enj 11?V§n%01“s ?rﬁtﬂfewfi?‘r Betediteh of a gas
turbine eE‘é}ilﬁt@nngpbﬂﬁﬁhBf‘hﬂ%s@oh@&ét@ﬁ&ﬁt%ﬂ%smbﬁé%m'i&%%ﬁfhnilg adtuftfi@h pressure
conpressor 14, and a conbustor 16. Engine 10 al so |ncludes a high pressure

t ur bi ne 18n§n@|c@mbwmrpﬁwe§§lgast ang digfenierapdl lingo mptusliegan ibAerudiace Sdtamr bi ne 20
are coupl firs aft 22..and co 0 dtur ine 18 are

coupl ed b)%q'éepélg?aoﬁ’dgalﬁlg?$°§fompﬁs%% 4 "H%&&%@!ﬁ{hm‘fﬁ?s F AV IS8 ngine 10 is a
GE90 engldﬂténﬁﬁfﬁﬂiﬁfﬂél‘ Béthteihidueddlagd frineftfeRidey; dm&iRg thel gorthin 6frtAé &t Engi nes,
Ci nci nnat i Chi 0. I n apot her enbodi nent &gas turbine engine 10 is a CFM

engi ne coﬁ??étr%}eéﬂeﬁlowé%‘?qf%s@rflméﬁﬁhééﬁ ahtaf te et fromcthpcpapaster; Engi nes,
G nci nnat !lnstm%p e(lg @ﬁte}ﬁfep to fHe Feobtb@¥Sr oAUk ?\%tﬁ:'h%sfilgé l?negorrpr essor

12 supplying co air rom OW pressure conpressor to hi

pressure wnqweds'ie:mmthb&ombhﬂohlagﬂlqoupﬁwgmemwlmﬁmdt Jaen afts:ndeadn thcered to
conmbustor 16 %lrflowfrom%%rgy%%tor 6 drjves turb ]fi? and 20 and
exits gas “POPHINSSHEA HBPIG gheda @ ?ith‘ﬁea PHIYEL parti al
cross-sectional view of a conmbustor 30 that maybe used mnth gas turbine
engi ne 10 (shown in Figure 1). Fi gure 3 is an enlarged view of a portion of
conmbustor 30 taken al on(gmar ea 3. ure 4 is an enlarged view of a portion

of combuBRIEF BESCRIBREL QFgTHEé%RA IN§fbust or 30 may be used with gas

t ur bi ne engi ne
Figure 1 is schematic illustration of a gas turbine engine;

Figure 2 is a partial cross-sectional view of an exemplary combustor assembly that

may be used with the gas turbine engine shown in Figure 1;

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



10 shown in Figure 1, and includes a donme assenbly 32. A fuel injector (not
shown) extends into done assenbly 32 and injects atom zed fuel through
donme assenbly 32 into a conbustion zone 36 of conbustor 30 to form an
air-fuel mxture that is ignited downstreamof the fuel injector Radially
outer and radially inner supporting nenbers (not shown) and conbustor

| iners 40 far.ns .annul ar .conbust.ion, z 36, Conmbustoy lipers, 40 shield the
out o and TFHRGAOLH SORER R b AR REAR o ARt SORBESR ol A BHPHECES fe
conbust i 0RoEHBE bR sebbMPsha®PEC Inf G érﬂbodgth&ﬁ,r SasHArtine bidfe 80 id NGFEol | ner 42

and an outer liner 44. Each liner 42 and 44 I's annular and includes a
respect i vengipstoosupsreigly 4sailable 8m Kignerak Edestrfy ddircradt Edgimes, dSigeimbaty, 32, and

a respectiye d e that is,cou to a_ _turbine nozzle
(ot ohow oy THaRGGMELSR, Btutfod e o S EFEE sleded oo am anc
downst r eanwvsitubée #ém GundrabBlccaitdrd&afBaghnes, dincihhgi, ©tespl ary enbodi ment,
liners 42 and 44 are forged from an enhanced oxi dation resistant nmateri al
that is chi ned to.q&edeﬁiq&ﬁ di mensi ons. Each liner 42 and 44 _includes a
series of APEGHA: B ¥ dPY DESSUTe GRMPRESERCH? SUpPIHInG eamaRressed aBor ti on
of each CWﬁ)tus%reés'uﬂ%onﬁf}eﬁﬂﬂlf%hi&'fsn%s_ulré EShprassor @@.dT?gﬂggj&/L' ner 42 also

each include a bolt band '60 and 62 positioned ‘ad) acent assenbl y
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
conbustor assenbly 30 by securing liners 42 and 44, bolt bands 60 and 62,
and a cowl assenbly 68 to done assenbly 32. Each conbustor |iner 40

i ncludes a conbustor liner surface 80, an exterior surface 82, and a
series of overhang portions 84. Conbustor |iner surface 80 extends from

dome -4
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assenbly 32 to the turbine nozzle. Conbustor liner surface 80 and exterior
surface 82 are connected together at overhang portion 84 and forma rear
facing edge 86. A plurality of air-cooling features 88 extends through
liners 42 and 44. More specifically, each overhang portion 84 is radially
inward froma respective step 54, and each air-cooling feature 88 extends
through liners 42 and 44 between a respective adjacent overhanging portion
84dand SL efmpréssedi ir imd:éiivm@df ’@a&dmlﬁﬁtolﬁ&ﬁ. N itftay rfﬁﬁlsa)gmbust?ﬂ"lﬂ@uﬂhfei ihner s 42
and 44 that, receive air froman air plenum (not shown) to forma thin
protectivgmﬁﬁﬁﬁkﬁﬁ%ﬂihaﬂﬁqX“Bé %?%%Pqkgéﬁﬁﬂﬁhﬁm@zé8§ﬁustion gases

flowing through conbustor 30 and conbustor |iner surface 80. Each |liner 42

and 44 i nplgHeesish fRENRESsWBRMAIN BN TURRRBusol 3046t ilrf%gb@%‘éedl&%htgﬁét i s
formed at each respective |liner downstreamend 48 and 52. More

speci fi catvrlyine ienging é0 (shommpinarigureri)o diigread, is aachlasgipdew of lagpyiori 00 and 102
Is fornmed integr with each yespective liner 42 and 44. Support fl anges
100 and- 16apr it e ER T TR o B Yl ds oY 11 P BBRAE ¢ eam
end 48 angbritlistd? 30hekdntllBgRed Pz ThRbu@ss8IhlaYy be iBedWih gpdehiA®Biginait | east
one support flange 100 or 102 is fabricated fromthe sane material used in

fabri cat i Hyshaven indfigiede pndinchilena demsassamhldy B2néy fugbiniegipg (@t shpynhnot her
enbodi nmen . rt f: ' ' roma
different&%%?%##gﬁﬁ%ﬁgﬁg?ﬁggggfggfgﬁa%ggﬁﬁgﬁgﬁgigﬁggg}%gg%h%gégﬁ%%%der of
each resmécs combldtioarzod? 360l cadbustor I0he foree ap laarfuelenizade thanis igaitédayer 110
of thermal barrier g%téri.al I s applied on each conbustor liner surface 80.
Ther mal b3V FIsEEamE flipi§FRer i nsul ates combustor |iner surface 80 from

hiph tenperature combustion gases. In an exenplary enbodinent, therna

barrier cradihngofiRt @hd #hdikigy ﬁﬁmﬁ@@ﬁﬂ}g ekt hoRf) akd Gb@Basthbr
I ndustries, WImngton Massachusetts. ternatively, thermal barrier
material ierndd fapplamadan combusien saneife Spngstor liners 40 shield the outer and

inner supporting members from the heat generated 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

ii_) 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. Outer 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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During operation, as atomized fuel is injecting into conbustion zone 36 and
ignited, heat is generated within zone 36. Although air enters conbustion
zone 36 through cooling features 88 and forns a thin protective boundary
of air along conbustor liner surface 80, a variation in exposure of
conbustor liner surfaces to high tenperatures -5 may induce thernal
stresses into liners 40. As a result of continued exposure to thernal

st r esses, assemblit 32me,tht tnleine ndfxlerefornbesordirge hwfdco 8 taad extbabesurfacagzd

regi ons of conbustor ljners 40 may he noved and repl aced using the
net hods dg@&o%%czecﬁtggghq_at R a‘?&éﬂl?’? égﬁl]"&/f,%n&é‘tré?rifé‘flﬁg &%gi ons of either
liner 42 or 44 may be renoved and repl aced using the nethods descri bed

herein. |} glidly tbf &eCHSINRIfRARPENES SUGHls dhrRBE NRrslA ddichiydesiAg | east
one deteriorated liner 40, a circunferential cut is made through combustor

| i ner 40. spasHicalpetach icvaihpyg pediosHigwis radiallFiiguard fBym mrsspestive stepeide
radi al | ] ilJustrated.wth.line 12 or__alternatively
with Ii %e%g&gg njé o@%ﬁlg ?e%uﬁggﬁre )éteﬁ%, tlinéol}lcgﬁ qnﬁ%éh 2tar1|1§ 4§ u e%&‘*‘%“e%%fépﬁ‘éé‘?n | i ner

exterior sdjpdencevdRariging podidn $NimT itqQy 54 UATra66ligicatand 8Suadluddgdssagepor ti on
ured w thin conbustor 30. More specifically,

124 of liner 40. renmins se L e
the cut ig"l'ﬁ‘k‘%'ehrfféﬂ apap 44itﬁ%erﬁ%ﬂl‘9€ aif drosn ap 3 Rlenrn (99t SRPWR) ghﬁmIlZ&l of a
respect i Va0 BRIOERE ibatndey bE igh € j or at ed
regi on of Iliir?er 40. Sup(%[gjr;t ?ﬁ;%&éé%g%g%?é%%eg% %iﬁsgﬁlgg%gﬁ%gﬁﬁ uch that
t he det er thoeughewmbeston0 ahd combustd(iries surfave8abl e from conbustor 30. After
deteriorated regions of liner 40 are renoved from conbustor 30, a

repl acene | rti.on (not shown) may be coupl ed c tor liners
43 ands or Pach e3> Bt s oA oo Ao Pt Becil 10 S B2 TR s e wr o
88 and a foempéat éath redpRpdret linet anagrehfemlr 481821 55 UMbré BrkifldaBy rigphacenment
liner i's sized substantially identical as the deteriorated region of |iner

40 bei ng PERIPRE FmbeEatceich hapPart Hangu b0 et 182 is frmed iptgerally with
cach respective liner 42 and 44. Support flanges 100 and 102 are used to securely
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
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purposes, is returned to substantially identical dinensions conpared to the
original predefined dinensional requirenents. The replacenent liner is
then wel ded into conbustor liner 42 and/or 44, such that the replacenent
liner is welded to an existing portion of |iner 40 that remains secured

Wi thin conbustor liner 42 and/or 44. Mre specifically, an upstream side
(not shown) of the replacenent liner is welded to a downstream side of the
exi sting pmytinduceothetnhal estressé® intb imene 40mbadian®Rilt oflcesfimen dpasire BB wel di ng
Is used tq secure the replacenen | iper within conbustor 30. In another
enbodi ment S TPHFEEsER AVRRmeJUErs 4 may Reqorieisteriogateded to secure the

repl acenment |iner within conbustor 30. Support flange 100 or 102 is

recoupl edDegriohed #ERinE of LOABILABREIRD hag%hdre‘nﬁﬁré&%d P&Hidded rus@g%if ng

material -6 may then be applied on replacenent |iner surface n one

enbodi nmenethode descapedikeseinn tMari specificdly duseriorated régidnsigfgitherdiner 62 baci | i t at e

ext endi ng I Life of. conbustor 30. | not he odi t, e

r epl acerredr}f'tfl #ﬁ{ééj r‘lsﬂrjléc): egidaénsd Eeggalc?%élsnﬁptgp efﬂ%tgo‘%l ﬁ%sf’ﬂ%?‘?ﬁ ?reﬂuﬁﬂﬁtﬁqwm ted to

rel ocati oresyrmédehginegsucAngd efpanges, indhidee at MeDehe AbtetioRltddUnéead Uf es 88.

Because deteriorated liners are replaced usin% t he met hod described herein,

conbust or SraRigreatizleut isqaede thrangh wpebuster leer# 0 dprecwreificall. o8 skawn hat

faci i tat gspjchRr aked, '%EQ:% 0y SRTRA §; LAg - repl acl ng

entire conbdstor’line}gﬁﬁa : E%QYher rgﬁgggigﬂggg?%gggg%ﬂggéﬁghﬁﬁ*iners

ar e f or meatermativel yswiths timn12(Gid showalantRigat 4),auch tigi tel duy ektesdsafrdbadinki ners 40,
nce are, nat ersely

dynani f d. conbust f _
pac o BT REO AT GG IR TR Gttoa i a0 SR UBECH PUBES AGABLOE: 0 | ner

r.ebl acenerinaiit feogkell S copbhfst gu.e MIOFE spellficaity, ok Qut ROHRHS tadigiy nel udi ng

forged, unitary liners. The nethod includes the "'steps of renovin

det eri or afwdrdly aed slighgly afisram emend d 24 ofib uesportivei averhanging tpottiven 84 thet
is upstream from the deteriorated region of liner 40. Support flange 100 or 102 is then

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 finer 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

G-




deteriorated regions nay be replaced with replacenent |iner portions. In
one enbodinent, the deteriorated |iner regions are renoved by cutting
through the liner, and replacenent liners are then welded to the portion
of the liner that remains secured wthin the conbustor. As a result, a

met hod i s provided which enabl es deteriorated conbustor liner regions to
be renoved and replaced in a cost-effective and reliable nmanner. Exenplary

enbodi meninay chert debapplied dni Rplack@phtalREERIrfaaE S0de 36 dneeemBdiment, fhe det ai | .
The met hods,are not limted to the specific enpbodi nents described herein,
but rat hEPlacgag diner dpcludes Anataria] gepgiadps e fanilitete,adendinge p alsefahiifs obind

separ at el he cribe i agh. C > onent
can al so 0enfl lf}ggaé ?Gn @o%ﬁtﬁ%}?%}ﬁg@l\nﬁ{eﬁgo@ﬁgﬁ E) gagér}%ﬁlgt g&c@%ﬁ%%’gﬁg ile the
i nvent i onuigradele ewlwdiigs rhuvaebt i imitet ns refocations,0 nsizme cindi chapgdo dh nient s,

t hose skille@ i? th %rt mﬁlé recogni ze that the invention can be practised
with mod™PREOE SoPlBeRIHCE B8 spirit and scope of the appended claims. -7
CLAIMS: 1. A nethod for replacing a gas turbine engine conbustor I|iner,

the conbuBédntse hRWirHdgatad CIRER Sirk ORbpIRBE h@igTefle PielHdne eRRiBe® Uk&Ein! | NET'S,
the inner and outer liners each including a plurality of cooling teatures

fornmed bycosaistoshgl rage pormed e Stviehasing meaplasparctiuprocessi thalr facilitatess, sai d
net hod ¢ I S . cutting. thrau t | t 0 f

Conbust or TURRk S i LSRBaion W dhidirl il Bine, BAES cORBBl B,
portion of0.t Harthemberst becahsendic vgticeaam lihew drbefotitd t6 rFBMIIStaanalpl ed

wi thin the conpustar, renovi the portion of the conmbustor liner that is
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that the ﬂe?ﬂ%hﬁ&t?d@%ﬂé not1aB6&rs@¥ iBPH%ed by the replacement liners.

The above-described combustor liner replacement method is cost-effective and
rcliable for combustors including forged, unitary liners. The method includes the
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 resuit, 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.




aftward fromthe portion of the conbustor liner that is upstreamfromthe
cut; and coupling the replacenent l[iner including a dowmstream end t hat

i ncludes a support flange, within the conbustor. 2. A nethod in accordance
with Claim1l, wherein each liner includes an upstreamend, a downstream
end, and a body extendi ng between, said cutting through at |east one of

t he conburséﬁém'sger and outer liner further conprises cutting radially

t hrough t ast one liner a distance froma downstream end of the
liner. 3. A nethod in accordance with Caiml or 2, wherein said installing
a replacanment A inw@od for rBfihcif® Aak $@SineedndildddnitRistos Mne€ SRR BimbisR®r to the
existing portion of the liner that is secured within the conbustor. 4. A
met hod i n haviagaderbustgn zpne) Hirred by juner andowercliners, tlee inpeicanddwiter dimersupst r eam
end, a do i 2 ch. | |per
douns r carea HERBALE PRy B SOSlCEHERE. RenbdiS) SELIRAR pRACH: GLBEL, 1
the conbusierand satedlicaiimengssidmetigh cainplisiag thetepsalf: t he conbustor inner
and outer liner further conprises cutting through the at |east one

~conbustor |iner ch,th e portion of .the Liner includjn he support
£ an;Z is uhcoﬁﬁﬁlﬁa%ﬂﬁl taﬁwieaé‘gmgf ﬁlﬁ.con@ustf)rM@%&ureﬁq@e’geﬁ&iﬁeep& th

any one Ofovbii@ndih® pBeidAg stétah Portio 8 eldchRG tor! il fupkiGnt ¢ a bipner

surface and an outer surface, said nmethod further conprises applying

t her mal ba&gmaias conplasywighindle ¢amabustaier surface of each replacenment |iner
attached within the conbustor. 6. A nethod for replacing a portion of a
conbustor |ine el i Iy t . or
havi ng a- comug?ﬁ%‘}nﬁ%ghﬁgxggﬁrﬁ%g y&g}lbu?%gglggraﬁlgmghﬁ (gf;thf:icﬁgrlﬁsq%‘ﬁ}e@ %nner and
out er | i necpdaceaeht ilined wdihirg the sumbastor fshetngleat f the nieplasément Histnaitagiam end of

: h liner,_ saj nmet hod .conpri si ng the. steps. of
ceac eﬁwaradgo

a m the portion of the combustor liner th%t is upstream from the cut; and

coupling the replacement liner including a downstream end that includes a

support flange, within the combustor,

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
.downstrea}m 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.



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; installing a

repl acenent liner into the conbustor to replace the portion of the |Iliner
removed fromthe conbustor; and coupling the replacenent liner aft end to

t he conbust or usin support flange for on the replacenent liner. 7. A
met hod in accoﬁ%g?@éoadv\ﬁnt cesdangs %I,tg\f\‘ﬂ%f’g‘? rF}?tt r@@%ﬂlﬁsgﬁﬁmsﬁ ’E?é‘}e?‘ili‘cl udes
an upstreamee MhaRRd a8 iHAMLHHREAME R ouftr d0MRSL KSAMARN] FhirdRABmbRRgT and
outer liner including a support flange, said cutting between an outer

surface arf@Plyig Hieeral burieneratenipl t teethecionpr iswifang ofheacht egplastmentt tinerg
t hr ough Frﬁﬁa&fedlxﬁﬁ%ﬁth%%ﬁ%ﬁ;sttope inner and outer liner such that a portion
udi

of the liner inc ng the support flange is uncoupled fromthe conbustor.
8. A nmethod in accordance wwth Claim6 or 7, wherein installing a

repl acemerdt | iAnexcthiad fdneeplacingra setonvel di cogniuamr riset adkiretgab inmeimet 0 t he
existing liner portion that is secured within the conbustor. -9 9. A

met hod i n CB%IBSFEELEIB@W]E%C@%}SFHT RYNEA CQPBISEPT ZPRK fosme i@_a& inggt Wdenent
liner furler IReANhE $hfer WRHMAG Bndd BARCHITRRIng 4 3bpdr1flanite fRmEd 2HADOT t
flange to the existing liner portion that is secured wthin the conbustor.
10. A net Heunstecagrenskafsackelivgrs $aidngihod omprising thectensroif'si ng appl yi ng t her nal
barrier material to the inner surface of the replacenent liner. 11. A

met hod in accorda i | ai rei,n at | east on the | r liner
and the outer Cﬁ?‘%gﬁ)e%%epu%e@tg}n%%g raglcalmalneln ?r saurggmgtafleg% %If'?d&nglﬁd a body

ext endi nginner and the outer liners;

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

of the cut;

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

liner removed from the combustor; and

coupling the replacement liner aft end to the combustor using a support flange

formed on the replacement liner.

7 A method in accordance with Claim 6, 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,

8. A method in accordance with Claim 6 or 7, wherein installing a replacement
liner further comprises welding the replacement liner to the existing liner portion that

is secured within the combustor.



t her ebetween, the body unitary and conprising a plurality of cooling
features forned by overhangi ng portions of the inner and outer I|iner

| i ners, the overhangi ng portions spaced intermttently between the
upstrean1and downstream ends, said cutting between an outer surface and an
inner surface of at |east one of the inner and the outer [liners further

conpri sing, cutt h the |i e proximty to and aft of an
over hangi g;g nﬁﬁho B a%ﬂf’fﬁé?%w &lalF"e |°a§ H@"@“b@f‘ﬁ/% HIPACCELst one
deteri or atlﬁ‘fér ﬁﬁfﬂéﬂé&zﬁpnéés W@é}dmg\natrepllacéna@?meﬂJ{n'eluaﬁlgedWaiplissrt%&ﬂgy%& fle the at
| east one deteriorated |liner including a I nner surface and an outer

surface, $Eisinglingraeriéemnibas 1g|s¢gg1redcmthmn@e canfpustdry t hrough the at |east one
deteriorated liner between the outer and inner surfaces; renoving the

portion ofjgt Rt . ' ft of
Pt on ot R dhod fEstoABRIAUFL A RS RAILAL AL LN B
conbust or mateniad pd theanrdn sunfarktof dre replatdigent linaer renoved from the conbustor;
and coupl ing the replacenent |iner aft end to the combustor using a support
fl ange n aft .end aof the repl ace |iner, 13. nmet hod in
accordancg \:\rngtl?\e ?anrﬁci‘fdeﬁfgr‘@ﬂhél?lé‘h% 51 %33%6?‘9‘? %‘{fh%mnfe’h erd8teri or at ed
conbust or thd dfér liRAinchiiedht uSirch®n8 U d&%ﬂ%hﬁ%ﬁd dﬁﬂ%%ﬁ& leR@ndingU IOIOor t
flange fornmed at an aft end of the iner fromthe nmbuStor; and -

removi ng thesehsbvean; dedodyunitang and cnprisieg a Phlealéylpf)@oﬂmglf es fi lcérmv od
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spaced intermittently between the upstream and downstream ends, said cutting

between an outer surface and an inner surface of at least one of the inner and the outer
liners further comprising cutting through the liner in close proximity to and aft of an

overhanging portion.

12. A method for replacing a portion of at least one deteriorated combustor liner
within a gas turbine engine combustor, the at least one deteriorated liner including an
- inner surface-and an outer surface, said method comprising:
cutting radially through the at least one deteriorated liner between the outer
and inner surfaces;
removing the portion of the at least one deteriorated combustor liner that is aft

of the cut from the combustor;

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

liner removed from the combustor; and

coupling the replacement liner aft end to the combustor using a support flange

formed at an aft end of the replacement liner.

13. A method in accordance with claim 12 wherein removing the portion of the

deteriorated combustor liner that is aft of the cut comprises:

uncoupling a support flange formed at an aft end of the liner from the

combustor; and

-10-



an upstreamend and a downstream end, and includes a plurality of cooling
features formed by overhangi ng portions that are spaced between the
upstream and downstream ends, said cutting radially through the
deteriorated |iner between the outer and inner surfaces conprises cutting
radially through the liner in close proximty to and aft of an overhangi ng

portion. 15. A nethod_in, accordance with claim14 erein installing a
repl acenment IiHEIPOVW%FQWF“’(?E}%‘?HEQSW%@GT t:li‘ﬁ YTl Sése‘}‘?EWf’e‘iW r to the

exi sting PR porfibn Of theMfed b reultitd. 1s secured within the conbustor. 16. A
met hod in accordance with claim 14 wherein installing a replacenent |iner

further conprises weldi ng the replacenment liner including a support flange
to the exXitstimghed weaccprdpageorith plaim i3 wherein te Liner extendshmitediythetresn. 17. A

met hod in [ 4 r LS| i er.mal

barrier rarlgﬁ%?{ra t% gd %&egid?\)@rs lgre':s'%rrl f é@eaﬁlgﬁ Bﬁﬁ%@%@é@%ﬁt@ J)(%ilin%gfre%tﬁ{e%a
formed by overhanging portions that are spaced between the upstream and
downstream ends, said cutting radially through the deteriorated liner between the outer
and inner surfaces comprises cutting radially through the liner in close proximity to

and aft of an overhanging portion.

'15. A method in accordance with claim 14 wherein installing a replacement liner
further comprises welding the replacement liner to the existing portion of the liner that

- is secured within the combustor.

16. A method in accordance with claim 14 wherein installing a replacement liner
further comprises welding the replacement liner including a support flange to the

existing liner portion that is secured within the combustor.

17. A method in accordance with claim 14 further comprising applying thermal barrier

material to the inner surface of the replacement liner.
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