METHODS FOR REPLACI NG A PORTION OF A COVBUSTOR LI NER FI ELD OF THE

| NVENTI ON This invention relates generally to gas turbine engine, and nore
particularly, to nethods for replacing conbustor aft conical datum areas
used with gas turbine engines. BACKGROUND OF THE | NVENTI ON A tur bi ne

engi ne includes a conpressor for conpressing air which is mxed with a

fuel and channel ed t o METHOIMSFOR R¥ErLCINGREPORIIONCOFSR i gnited within a
conmbustion chanber for generating hot conbustion gases. At |east sone
known combustors include a donk EAbOR LINERW i ng, and liners to channel
t he conmbustion gases to a turbine, which 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 ect ri cal FiféReDR{IGIE INVIENITIONr s are coupled to the done assenbly with the
cow i ng, and extend downstreamfromthe cowming to define the conbustion
chanber. |l east .sonme. known liners include a pluraljty of panels that are
connect ed%%@é?%e@flonvﬁe{aﬁesr pensrally 19, ps é'éfl,tj’m(?re Y %cﬂaﬁlfh’&ﬂsyAﬁo aft end

of at | eashethede fdeNRMMclipNBbmbudtr §AURINGHA! Watlth Nt REuQROIWAE BY% AuigBi cal
datum area. A portion of the panels include cooling nuggets torned between

adj acent p#EBEXSE, that extend radially outwardly from the panels and away

‘fromthe conbustion chanber. Accordingly, such cooling nuggets are not

subj ected to the sane degree of heat as portions of the panels adjacent
t he conbustion chanber, and as such, during operation thermal stresses may

" be i nduc BAGKGRIGUNReOPAREE BNVEN@IONi me, conti nued operation with thermal

stresses may cause panels to thermally fatigue, causing weakening and/or

with a

cracking tpo,devel op. within the panels. Also the aft ¢opical, datym area of

the |iner 08 &0 eflaiz]iugfase@ compressor for compressing air which is mixe
- 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
inclide a dome assembly, a cowling, and liners to channel the combustion gasesto a
turbine, which 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 with the cowling, and extend downstream from the cowling to define the

combustion chamber.

At least some known liners include a plurality of panels that are connected together
with ﬁveted, bolted, 6r welded connections. An aft end of at least some known liners
is coupled within the engine by a conical datum area. A portion of the panels include
cooling nuggets formed between adjacent panels, that extend radially outwardly from
the panels and away from the combustion chamber. Accordingly, such cooling
nuggets are not subjected to the same degree of heat as portions of the panels adjacent
the combustion chamber, and as such, during operation thermal stresses may be
induced within the panels. Over time, continued operation with thermal stresses may
cause pancls to thermally fatigue, causing weakening and/or cracking to develop
within the panels. Also the aft conical datum area of the liner may become fatigued

during operation, and/or damaged during engine assembly/disassenibly.
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during operation, and/or damaged during engi ne assenbly/di sassenbly. -1
Current repair methods include welding thermal fatigue cracks.

Additionally, patches nay be attached to areas of panels that are weakened
by thermal stresses. However, if the thermal stresses have induced thermal
fatigue or distress in larger areas of the panels or in a plurality of

panel s, t conbust or t .hav ructu rity wthin such
panel s to eHEHf Eeljﬁgtn&ﬁga‘ystlﬁa de g?ﬁ%tg‘ﬁg“% %tlﬁuelcfacgﬁeAflg g@}’é’d Par\é\%?f/ or
damaged CapdycRd atdhdiModh&R off ParkdlPihht £8HédRencl |‘l‘)§‘¢ QR EalestlRA! HHWRNER Y be
cold sized. However, dependi ng‘wpon a size of fhe damaged and/or fatigued

area, kndb thesmal ﬁ%ﬁ%gh%tlh d rthgrmab tfatigneedrf distrésy én |1m"g¢1emasr pfn §1@t he
i cal f | s I
conica }%Héﬁ Hr 8754 gh{,rghtg (ih%a%%lsse The & I‘Rgl ! O ?g-%g hﬁagee%?,ﬂ%h? 1 ralc© ni ca

datum are 'S not opti on ust or

liner is risppayedithiBenelpandlheo bhabds patshésowmee@ttachai t A@so; efvheafadiglidde done
t he entlr conbust or nust be disassenbled for the liner to

assenbl y, d} ﬁ
be repl ac@8YOEGrPAEdganica \%‘é‘ﬁ’ 5@ 15 saple gaouehathe Gomigsl, defumy 883 M3 becowl  and
dome assenrBld/siz&. ©HoMRvEl WHGIIREApdn®h %%ﬁhﬁ%&ﬁ orgﬂﬁpﬁégegpea may be

altered and as a result, speci al too I ng may be required r
r e- assenblkpowiiegkl sizing mez?hndﬁ gnay oo rbeffedivel in mepaimng:ﬂhﬁ atnmgalcrtmuim atganugget s

and a coni.cal ,datum area be ti consu and ex i v cess.
I S S8 A I s e s O L S
i nvent i oneplibigla@d st efie SoBisitdinkPTs repl@da Bdatuse RMiddr Headbled 9as
t ur bi ne engi ne conbustor |iner, the conbustor having a conbustion zone

formed by ¢ Higerowd sad din dome pssembly, pfien them@tlreawhmtogrmust he disassgrhled
i ncl udi ng r %pﬁl thg ?ﬂﬁ r ojt.er l'i ner
i ncl udi ngfgrn&igl %Pgda%%o couple : : ‘Qﬂ n%g ér{]ﬁl%r ?‘%g?& ﬂggll et hod
conpr i si ngowLand derge tdsembilylipreaise kiﬁﬁaimmbredﬁtmhhbemeiw&tdompona&ﬁ magd the
outer lin mfromthe | {ner, aft support; renoving t rrbustor
liner aft ggaﬁgf&‘%‘tan AR FhTE =M£q0éwg mavbs 1egriaed dwgne reLassbmoly,

' replacing a combustor liner including cooling nuggets and a conical datum area may

be a time-consuming and expensive process.
BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a method for
replacing a portion of 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 series of panels, at least one of the inner and the outer liner including an
aft support coupled to an aft end of the liner, said method comprising: cutting through
-at least one of the combustor inner and the outer liner upstream from the liner aft
support; rem_oving the combustor liner aft support from the combustor; and installing
a replacement aft support within the combustor such that the liner aft support extends

aftward from the portion of the combustor liner that is upstream from the cut.



a replacenment aft support within the conbustor such that the liner aft
support extends aftward fromthe portion of the conbustor liner that is
upstream fromthe cut. -2 According to a second aspect of the present
invention, there is provided a nmethod for replacing a portion of a
combustor liner within a gas turbine engine conbustor, the conbustor

having a co ustlon zone fornmed by an inner and an ouler t.he inner
and outer | FEPEIECHR f’eﬁBIF‘ﬁEﬁpﬁ@ %f/tg@ PresEntgpventiqny teres Hr%‘ﬁg?de% methnd ¢ he

i nner 1 nebr RPHCARS: pdRlidiLsf édﬁ%ustda %Hldﬁﬁhﬁ SR P@binelchang GomBlBd Rl 2
downstream end of the liner, said method conprising: cutting befween an
outer sur fceabusinghaming aeembetion zose ﬁfnmrti bbfetasnner@né aofouteln bnmn therinaerd t he

outer lin t. rt| er and
“ner 11 narS ppisf TR 2h ARG e lr AR ety A %e et B s Ifher t nt o
the conmbusiterlinico 1r[0hﬁle§®esu§)b@'t mange mﬂ dtmeddwmeam@mvmthé n:@et, tshid

conbust or. éa According to a third aspect of the present |nvent|on t here

i s provi dERPBOhEARRSEF S CUtingReRFIRPnO e rigRe and an mnepsyriassof d@bleasti or at ed
conbust or f n ﬁaﬁmﬁl ot t one
deterior atoé%%{?fl;\éé‘%nh?ﬂﬂ%hoﬁ%@%tégﬁp tsrg?%g%il% 00l | ng% eeaa{tl%r%égﬁ? l[c)){rsarr%d by

adj acent Iqutaelanqbamwt sl;lpelt thet isiafieef theswnt;iandlinstaliigg arcplbtensamd lioewijnkethet 0t he
combust or suppor,t , i.d .nmet hod ¢ ri sing: tting through the
oV enst <oyt B hEPHRR R bis iR AT G B BBt BHbE ace of tha | § ner
to an inner surface of the liner; renoving the portion of the at |east one
deteriorated liner that is aft of the cut fromthe conbustor; and
installing a replacenent liner into the conbustor to replace the portion
of the liner renmoved fromthe conbustor. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is schematic illustration of a gas turbine engine; Figure 2 is a
partial cross-sectional view of a conbustor assenbly that nay be used wth
t he gas turbine engine shown in Figure 1;
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Figure 3 is an enlarged view of a conmbustor liner used with the conbustor
shown in Figure 2 taken along area 3; and Figure 4 is an enl arged
cross-sectional view of an alternative enbodi mrent of a conbustor |iner
that may be used with the gas turbine engine shown in Figure 1. DETAILED
DESCRI PTI ON OF THE I NVENTI ON Figure 1 is a schematic illustration of a gas
turbine engine 10 including a | ow pressure conpressor 12, a high pressure
conpressor 14, and a conbustor 16. Engine 10 also includes a high pressure
turbine 18 and a | ow pressure turbine 20. Conpressor 12 and turbine 20 are

coupl ed bydofdingto 5 tafd aspdet Fiile pRABKIERSATt oA HRAD]St BHHWIBE a kBetBEE for3
coupl ed by a second shaft 21. In one enbodi nent, gls turbine engine 10 is a

GE90 eng|rﬁéa%laﬁrﬁm0€iloal| plyatalgast |0a9|détenptﬁﬁ¢d@q@1&t0r nge twithén Ajgas raerbtneEng| nes,

G nci nnatl

engi ne comT%I}1 Ci a ‘94t8"a31§“f) %th%fist%?@ {r.lgé?daﬁﬁ% ILHP Q%Aﬁ p%frh ?#godh?l

?an gnat ifeatias ﬁnmbd d by |aéjaa¢nt @mlf-:r méreisf thevilmet flso ug:ltudmg/\a:patéeﬁdwcmpmlrtpz [ es?]or ]
and co e ai.r su ie r.om pressure cqQnpress o hig

pressure '&5‘3% S Dyga Sypport ﬁ?{ﬁﬂ yaid IR L@iv chupEne; it fyapeytheg

combust or 1eh8t of¥ BéteRN¥Yalct O VRS Ofrorh6an Stk S-Ficd! dF B FinkB t&AH 13196rand

exits gas turbine engine 10 through a nozzle 24. Figure 2 is a partial
cr oss- sec swdarglofvhelingf raneors thetperti@oof thie gt teast3or @n%ﬁb@hgedhaWew of a

0 shoun A8 o &, ot 457 TR r S Rl 30 RepMeshett i B or (ot

shown) exmnam,rrtb@e;ﬂmhapmabbfﬂﬁzmaﬂﬁmme%ﬁl @bepinsesot uel through dorre
assenbly 32 into a conbustion zone 36 of conbustor 30 to forman air-fuel

m Xt ure
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s schematic illustration of a gas turbine engine;

Figure 2 is a partial cross-sectional view of a combustor assembly that may be used

with the gas turbine engine shown in Figure 1;

Figure 3 is an enlarged view of a combustor liner used with the combustor shown in

Figure 2 taken along area 3; and

Figure 4 is an enlarged cross-sectional view of an alternative embodiment of a

combustor liner that may be used with the gas turbine engine shown in Figure 1.
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



that-is ignited downstreamof the fuel injector Combustion zone 36 is
formed by annular, radially outer and radially inner supporting menbers
(not shown) and conbustor "liners 40. Conmbustor liners 40 shield the outer
and inner supporting menbers fromthe heat generated within conbustion zone
36 and includes an inner liner 42 and an outer |iner 44. Each liner 42 and
44 is annular. Liners 42 and 44 define conbustion zone 36. Conbustion zone
36 _ext ends cougded byl arecanbsiall 31 36 SRAISIBAG Sl BIhD A9 31 & diy
shown). Quter, and inner_ liners 44 and 42 each”inc ural rty of

separ at e pﬁ%}‘% copmmiriaiy javailable figns Gienersl Eddctrie fﬁpmrsﬁ’ﬂ fzgmeg Ofncitbgh f or an
a distinct ti Cute in and inner |iner
each i ncl U((j)glg% &% %Hgg(ﬁh’% b ?ﬁg%@hﬁ e e Q/ls %ﬁg: COgHG ppmy Y 64 and
66, r especavmlabge ﬁdmmmeﬂabEtecbmwuﬁﬁﬁ@a@nle@r@hmhﬁéd dignd 62 are positioned
adj acent to done assenbly 32 and extend downstream’from dome assenbly 32

to f t nel s 64 and .66, tively. First panels 64 and 66 are
cgnnlegtS edpgjo%esrf‘tr‘cg’arﬂnf flgws BEW g @rﬁﬁ%@m@swééée@ﬁ saalpyessBhair @d acent

- downst reanyppaed fRfn i16wnpERErEdos BERER11221d KionSHlkuld'2) g%g%gd]éﬁag(ﬁ,a 500

and 70 are highi connected downstream from respec Tt
Bol t bandshighlya¢pmmessed 4ix krcleliveral ol combustor 1. Qﬁﬁfﬂumgﬁ:‘oﬂ 2ofbaser 18

f teners 7 cure liners 42 and 44,
bol ¢ bande b anaing3 154720 A e ahBing heed0 doneh aseeer 32. Each
conbust or panel 50 includes a conmbustor |iner surface 80, an exterior

surface Sﬂgumrﬁhsaenpmﬁer trofgscBdial 9ewBef a @@ﬂﬁﬁﬁépﬁo ! F%%}ﬁ. $W ;If”tglﬁm%gd ext ends
a(::om donme _.assenbly 32 to t he turbine nozzle. I ner surface 80

ext er i GFW<Qfr# Reriogoof eorabustindl « Sembusfer B@rmay b.ﬁ\ﬂEﬁd\f&ﬂ@ltgmmﬂﬁﬂe 84 and
forma re Ci @ﬁ\gﬁ f ar ol l,n ur es
separat e Zeglj é%elrg% Co gure af?({l H{Cg@eg %\I(B S TRYY Peat’t I@Saf"hgﬁoﬁde
openi ngs Showh) chtends entvnedcane abderntdy Beough ifje@inatdinized fuel through dome

assembly 32 into a combustion zone 36 of combustor 30 to form an air-fuel mixture

~ that is ignited downstream of the fuel injector

Combustion zone 36 is formed by annular, radially outer and radially inner supporting
members (not shown) and combustor liners 40. Combustor liners 40 shield the outer
and inner supporting members from the heat generated within combustion zone 36

and includes an inner liner 42 and an outer liner 44. Each liner 42 and 44 is annular.

Liners 42 and 44 define combustion zone 36. Combustion zone 36 extends from
(_ dome assembly 32 downstream to a turbine nozzle (not shown).  Outer and inner
liners 44 and 42 each include a plurality of separate panels 50 which include a series

of steps 52, each of which form a distinct portion of combustor liner 40.

Outer liner 44 and inner liner 42 each include a bolt band 60 and 62, respectively, and
~a-first-panel 64 and 66, respectively. Outer bolt band 60 and innier bolt band 62 are =~
positioned adjacent to dome assembly 32 and extend downstream from dome
assembly 32 to first panels 64 and 66, respectively. First panels 64 and 66 are
connected downstream from bolt bands 60 and 62, respectively. Each adjacent
downstream panel 50 is numbered sequentially, such that second panels 68 and 70 are

connected downstream from respective first panels 64 and 66. Bolt bands 60 and 62
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air »pl enum (not shown) such that a thin protective boundary of air is

formed between high tenperature conbustion gases and conbustor |iner

surface 80. Furthernore, openings 90 permt convective cooling of
conmbustor |iner 40. Specifically, openings 90 extend through features 88
whi ch are forned between adjacent panels 50 and radially inward from
nuggets 92 formed by adjacent panels 50. Panels 50 are connected serially,

such t hat ﬁwbidepanpibmli@v\nﬁ‘t oFmiagend2 198d S0 CRROGS IRty Y '}ég}é%;&%] end
102 of an gﬁ#acen downst ream panel 50. Nug gets 92 are ?‘orrre en
adj acent cHATRRER N p5HE nerseoand 44, ol bands $®anmd 6hdnd psowbassembiis78.60 and

102. Li nerdémgﬁbgg%%ejzregl on 46 includes a plurality of nuggets 92. In the
exenpl ary enbodimert, region 46 includes three nuggets 92. Liner nultihole

region 48 includes a plurality of openings (not shown). A layer 110 of
t her mal baanhemmlmsmrlmhell ﬂ) amhidleed ammlﬁ@mbllﬁabﬂﬁur!fdc@@ﬂ aH ek BeRr SrfaceTher mal

barrier maéfr furt a#} ustor liner surface 80 from hi gh
t enper at ur & ﬁ%f’l dHpr s ﬁ%wtendhéiromldomr rier

coati ng Wﬁts@ﬁbl@r|32lt§ ﬂf&ﬁﬂﬁﬁ&h@ﬂzlé{ @&ﬁbtlls%’rll gﬁgﬁﬂclg%laﬁﬁ%r {egg atcrglﬁﬁul ar

W I m ngton Mssachusetts. Each liner 42 an SO 1 nct
support fléﬁﬁgém%teda‘fﬂgeﬂlbl‘aﬁg@veﬂlm pmt[on BA2qndr feemes réar dhoing Sae€ighi cal |y,

each supp n aft end 124 and 126 of each
respect i vg‘ﬂﬁ n r g gge%fu 3% S EJF"S‘? ?‘Fﬁa‘f?BL(z'?"@b‘%a?é%é’%?? OMbre -5
specifically, each support flange 120 includes a radial portion 130 and a

coni cal daAwmoobngfafidd SEaRdeatedingh OOt WRidh 3Q1RX4ie ﬂf&?etﬁl%qwlﬂo\fn ;nrilvvar dly
gom an aft rrbustor i nner | jner panel 50 at inner IIner t end

oni cal ¥ dngtshowny %ththatmlqn@tgpnmbpm afair fsformed bethleamge 120
e e A e
openings 90 permit convective cooling of combustor liner 40. Specifically, openings
90 extend through features 88 which are formed between adjacent panels 50 and
radially inward from nuggets 92 formed by adjacent panels 50. Panels 50 are
connected serially, such that each panel downstream end 100 is connected to an
upstream end 102 of an adjacent downstream panel 50. Nuggets 92 are formed
between adjacent connected panels respective downstream and upstream ends 100 and

102,

Liner multinugget region 46 includes a plurality of nuggets 92. In the exemplary
- embodiment, region 46 includes three nuggets 92. Liner multihole region 48 includes

a plurality of openings (not shown),

A layer 110 of thermal barrier material is applied on combustor liner surface 80.

Thermal barrier material further insulates combustor liner surface 80 from high

- _temperature combustion gases. In an exemplary embodlment thermal barrier coating
-material is commerc1a11y available from Englehart Industries, Wllmmgtonnmm

Massachusetts.

Each liner 42 and 44 also includes an annular support flange, or aft flange, 120 and
122, respectively. Specifically, each support flange 120 and 122 couples an aft end
124 and 126 of each respective liner 42 and 44 to the turbine nozzle assembly. More .
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used to securely fasten liner 42 to the turbine nozzle assenbly. During
‘operation, as atom zed fuel is injecting into conbustion zone 36 and .
ignited, heat is generated wthin 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 may induce thermal stresses
into |inerspegifically each spppit flahge b2 inalndds @radind postiond 30tdndranmhicat datsmess,

time, nes s bec te Det e at ed re I ons  of
combust o TFhars Fohap b FORD Al s i dele) rihan diceHBastr
descri bed ingérelifier d;mep 50 GhérCBAdrYaft @88 anOr ebgdal a&u&%&ﬁm%&@dg ner 42
may be remgved and replaced using the methods described herein field

ret ur ned %P%u%ﬁﬁwa%dgﬁ@ﬁ% ppge ilzﬂ;mthergsmnt tafan pds of oratidn ofrgasr | i ner

t hr I
j(?) I %pgglt ?Fl{(‘:b(?éfé @0&1?0%%&&?‘8%1{92 1%5 f%‘gé?’?uq I’DIOlm rlQ él%{% %ﬁﬁt or | ner

li ner suppme:ﬁtdéeam@grfh%nhasﬂﬂ fouhié habied nwAldasskinBE. 140, such that the cut

extends fromliner exterior surface 82 to liner interior surface 80, and

- such that rt|o 144 of l.iner 40 renains secured within conbustor 30.
Mbr e spemﬁ‘f‘ Igpra {9 a3 atonyized thghis injesting nte spbrstiangame 36aandaienitesk t i on

130 such _Hebieds SBR! withid e 120 hInoRIPHAR Brd LAREARRYShO6 Ml | | NET

144. After deteriorated regions of are renove romco or 30,
a repl acermepling faahwes §hand Emmwa)ﬂlmmmmnwbmindakytaf atioatbng ta@nbisteidine 2. The

|.ud 120, and d
Subst ant | aPTged S 1RO GF cRuStHE BF pombib Tiks gefess to stk formpsrageng
r epl aced, %wmdhb@thdnmaleﬁuészeg Rté Qinh!fsnﬁﬂ tA §lf@s%fnaaf téttinhed NGpo %&é g} nal

predeflned nmensional requirements. The replacenent liner is then wel ded
. into conbiRereal straseas, gver tisme; finens 40 mdyebecpmpdaiedmated. | i ner is wel ded to an
. existing portion of liner 42. More specifically, an upst ream SI de (not

shown) of BdagidrfRl FGETRNGf ddnMifstdr indf HPBiab Be FMOVAE LEE APl usmg the ©

methods described herein. More specifically, deteriorated regions of inner liner 42

may be removed and replaced using the methods described herein. If a field returned
engine, such as engine 10, includes an aft portion of inner liner 42 is deteriorated, a
circumferential cut is made through combustor liner 40. Specifically, as shown in
Figure 3, the cut is made through inner liner support flange 120, as illustrated with
line 140, such that the cut extends from liner exterior surface 82 to liner interior

surface 80, and such that a portion 144 of liner 40 remains secured within combustor

’,_\
5 i
e

30. More specifically, the cut is made through support flange radial portion 130 such

that support flange 120 is removable from combustor 30 or liner 144.

After deteriorated regions of liner 40 are removed from combustor 30, a replacement
liner (not shown) may be coupled to combustor liner 42. The replacement liner
includes a support flange 120, and is sized substantially identical to the deteriorated
region of liner 42 being replaced, such that liner 42 is retumned to substantially the

original predefined dimensional requirements.

The replacement liner is then welded into combustor liner 42, such that the
replacement liner is welded to an existing portion of liner 42. More specifically, an

upstream side (not shown) of the replacement liner is welded to a downstream side of
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the existing portion of liner 40. In on g p one enbodi ment, electron beam

‘EB welding is wused to secure the replacenent liner within conbustor 30. In

anot her enbodi nent, tungsten inert gas, TIG welding is used to secure the
replacenent liner within conmbustor 30. The replacenment support flange is
recoupled to the turbine nozzle assenbly, and thermal barrier coating
material may then be applied on replacenent |iner surface 80. In one
enbodi nent thet ¢xistingpoattenentintn 4(er In naé endsdinmingdledroughad BB weRlidani | itate
extendi ng a_ usef ul conbust or 30. In_another enbodi nent, the

repl acem&*ni1 tﬂesrec‘llrﬁg‘%%’ cemsnh et wuhiafembusior 30di ngnother epbodimantt ed t o
rel ocati ongngste® Shét s, MG ﬁf'@ﬁﬁ‘iﬁ?%ﬁ hRed B é%HEFeftﬁeqf ng%ﬁ&%érgghﬁe?%fﬂéﬁs 88.

Because deterl orated Tiners are replaced usin escr her ei n,
conbust or sc@obustar Fbt Ghﬁedplta@nwtt \supgorti fiangs & reepnhlﬁe@memhe ﬁirbmeaﬁ)zﬁlbat

I npar,i sqn to re Vi n nd repl aci ng
Lﬁf : rlat 22%@?@& %“gg} sav ﬁﬂj?‘fﬂrcﬁl@grfﬁ?té“ﬁb@ﬁ%g?g Pg’ég gmentner s
are for medlife sbefaciH0s Tashé axhbé!dmieﬂ? s ﬁaﬁiac&rﬁerﬁrlingf {h%idd)és magtal h;%adésnef S

42, aerodynani ¢ performance and conbustor perfornance are not versely
i rrpact ed by BRditate srisadingra usaflelifs ofreubester 36 dn asnther gabhodingss,- thect i onal

| iner 200
that ey osPUeEhafatPiEBaRCaRil Dol iH05fiun gl AR EMeY i Flasrtionh ner 200
i s subst andebiainigyarsi dliahgos ih the iuntber 82cddiih@atines BBgures 2 and 3), and is
installed wthin a conmbustor gggt shfmg) SUCP azl??nbg?tggngPssgggnmLPCh
ncl udes a plur
ol ude o eieuss delgprased JPespre cirploced Wik h pomﬂpyad.d@@ma beeini on of
combust or dohftop080 ardRetitid 4 %schibe i bpftacRftlchPblobess ga%gﬂatga“e' 202

i ncl udes a conbustor liner surface 21 eri or-sur Bd an

~over hang popreved mmgs dlommpmenlﬁonemovmgr dralceplithgeotitiesn dsmbiistion Bnado me

senbl
assembly (ZIQOt F%pﬁe ore b&:a{léjer e repTa&:%%‘llegt Tiners areyfonned to be substantially
‘identical to originally installed liners 42, acrodynamic performance and combustor

performance are not adversely impacted by the replacement liners.

Figure 4 is an enlarged cross-sectional view of an alternative embodiment of an inner
combustor inner liner 200 that may be used with gas turbine engine 10 (shown in
Figure 1). Liner 200 is substantially similar to liner 42 (shown in Figures 2 and 3),
and is installed within a combustor (not shown), such as combustor 30 shown in

Figures 2 and 3. Inner liner 200 includes a plurality of panels 202 which include a

( series of steps 204, each of which form a distinct portion of combustor liner 200,

Panels 202 are connected serially, and each panel 202 includes a combustor liner
surface 210, an exterior surface 212, and an overhang portion 214, Combustor liner
surface 210 extends from a dome assembly (not shown) to a turbine nozzle assembly
(not shown). Combustor liner surface 210 and exterior surface 212 are connected
together at overhang portion 214 and form a rear facing edge 216. A plurality of air

cooling features 218 separate adjacent combustor panels 202.

Air cooling features 218 include a plurality of openings 220 which receive air
therethrough from an air source (not shown) such that a thin protective boundary of air

is formed between high temperature combustion gases and combustor liner surface

-7-



(not shown). Combustor liner surface 210 and exterior surface 212 are
‘connected together at overhang portion 214 and forma rear facing edge
216. A plurality of air cooling features 218 separate adjacent conbustor
panel s 202. Air cooling features 218 include a plurality of openings 220
which receive air therethrough froman air source (not shown) such that a
thin protective boundary of air is formed between high tenperature

conmbust i on2gAs Operings 2Yhhresdtnomwn asrilutionvpadags ahd2d@endREREATEN220r AL known

' ' ' . and ext b en |liner surface 210 and exterior
Surface 013 T8 R QR 2140 chOEie iting o besbsnorsca b st or
' | 0 t.ant Gl T r.
Speci 11 cal Ly Eacn panel 08 L heh bt ool 120 A1 by B am end

Specifically, each panel 202 includes an
232, and 8Pesésplly3gachmanabi?20d inchules betupsesam Rad @86, 2ABwastecagoamees®d, such

h h I mend 232 i s gonne d to an upstream end 230 of
;na;dje:gen?rﬁﬁgg\%gg ?@Zegn%{eg‘gﬁl& tﬂfﬁ%emﬁﬁﬁgg)@gé]%%bg & copasisd gincaghj acent

connect ed Eldswnkeeane ehtl V320 gWosinceRi 18 UpsitdafPBhERES B4 28 0.
Nugget s 23pmgre known as super slot nu gets.ﬁ]ﬁltrl t he exerrp(ffzry e&rﬁo i ment,

liner 200 FovsEe® rengl 2Py ghlseetsa3o age Omeéb@twmuﬂﬁ&mmbmwcmmaﬁgla | ayer
f th I 1 | Q | i on, c ustor |iner

aur f ae 218 syt SofBHEFind A BIMAL 217 and PR Hodksbliaite Spvhes

surface 21Gipkr doh thiggbist &nthereatmpRrcanbodiinea)lifad 999 indihd@lsi2Aealk986i Ncl udes

an annul ar support flange, or aft flange 240. Specifically, “Support flange
240 coupl end 244 of liner 200 to the turbine nozzle assenbly.

(More speci i%glaﬁ%naté%ecﬁm?%‘ﬁlﬁ% i %)ﬁ"@é’f_ ormah hadersmatorighi(egt hormn) o i246
and a conigplied dat LemBUSR BAG sdEach J18di.ak éﬁﬂ&ﬁdeﬁ'}%;&ﬁ%@ﬁ? }Egtsct;{q%ﬁ'gf' y

inwardly froman aft conbustor inner Tiner panel . af t
end 244, ombusior aerm fasedl (2fem higl tengpstatirt combhstionpaseseam and from af t
flange 240 with respect to an axis of rotation of gas turbine engine 10.

Coni cal  datijdp FERsS %?Cllil(ﬂi%l aﬁﬁdﬁﬁm?ar ps'uﬂﬁ(?r{ iﬂteﬂge?for %%eﬂﬁl?g%szfaf?o Specifically,
support flange 240 couples an aft end 244 of liner 200 to the turbine nozzle assembly.
More specifically, each support flange 240 includes a radial portion 246 and a conical
datum area 248. Each radial portion 242 extends radially inwardly from an aft
combustor inner liner panel 202 at inner liner aft end 244. Conical datum area 248
extends obliquely upstream and from aft flange 240 with respect to an axis of rotation
of gas turbine engine 10. Conical datum area 248 includes a plurality of openings 250
extending therethrough. Openings 250 are sized to receive a plurality of fasteners 252

therethrough for securely fastening liner 200 to the turbine nozzle assembly.

Deteriorated regions of combustor liner 200 may be removed and replaced using the
methods described herein. If a field returned engine, such as engine 10, indicates that
combustor liner 200 includes at least one deteriorated panel 202, a cut is made
circumferentially through combustor liner 200 to remove deteriorated panels 202 and
support flange 240. More specifically, the cut is made through support flange 240, (as
illustrated by line 260) such that support flange 240 is removable from combustor 30

after fasteners 252 are removed.

The above-described combustor liner replacement method is cost-effective and highly

reliable. The method includes the steps of removing deteriorated portions from the
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extendi ng therethrough. Openings 250 are sized to receive a plurality of
fasteners 252 therethrough for securely fastening liner 200 to the turbine
nozzl e assenbly. Deteriorated regions of combustor |iner 200 may be renoved
and repl aced using the nethods described herein. If a field returned

engi ne, such as engine 10, indicates that conbustor |[iner 200 includes at

| east one deteriorated panel 202, a cut is made circunferentially through
conmbust or Femestaolingro sheinthag déteriordtat atgebrp dasgs ABY b@ntéFlaééﬂ?p(Iﬁt ofd ange

240. Mo i-fical .t t i de t h t f 240
i|lustr ;te e%3§§&lﬁeﬁ€ dfg“-'&or”gief’c ﬁg‘ﬂﬂ?létsarga ﬁ%ﬁ%‘ﬁw by %wgéﬁ 5 OLB]% axigﬁtgs\eih@pgﬁ fa§ g?n
combust or péitioAbE te shppdre NS a20 zﬁa&%obﬁﬁg)ﬂa% esTé}ﬁlugggﬁ gfcﬂ.\l%tg%% ﬁxi}&l%j e.

conbustordf,i ner replacenment nethod i's cost-effectiv reri abl e.
The net hodl!Rgic| dded result, gt mpthodfis rpsavidid gvhich emmableatdetbripetéd posiohs s t he

in ono. ertar s ineidf e by lha vt BT 25RHsuve oy el ymien ough

axially through a portion of the support flange aft of any cooling
features dexemgest embodiledsdofvicoiabistém éined k&R icenfit ard Assbribed ZbTEE hﬁdbi S

provi ded i G nabl es deterigrated portions of conbustor liners to be
r enoved a%tﬁlgpf%%@aﬁpﬂs %reé’(?tsﬁmétﬁﬂgb e\ppedifig emboiliasing draenitend herdimempl ar y

enbodi mentginef [ r i bed, above i detail .
The met hods ar’e&gg?yl%i?%ﬁ%ﬂeg{% ¢ ﬁg&g}%g@%g%éﬁ%‘%gla%t %n%d%?m%eﬁ}ég‘]%r ein,
but rat hettherampibods defcribed terait. hdthchrespntimstor i donRderit "Gapaas 88 tdsyd and

separ at el ' Each conbust or conponent

om.. ot her t hods descri bed herein.
(can al so t%’%é%%mpﬁms’c%tﬂ%ﬁ(i‘?m USHRT GRIPORSer conbust or conponents. Wile the
Invention has been described in ternms of various specific enbodi nents,
those ski IWhile ifite iriventdit hili bon' RREPIEZH: 1Al JrBrBY SRR e fyacti sed

with nodification within the spirit and scope of t?\fue appen%ggdlgﬁgl M. -9

. those skilled in the art will recognize that the invention can be practised with

- modification within the spirit and scope of the appended claims.



CLAIMS: 1. A nethod for replacing a portion of a gas turbine engine
conbustor liner, the conbustor having a conbustion zone formed by inner
and outer liners, the inner and outer liners each including a series of
panel s, at |east one of the inner and the outer |I|iner including an aft
support coupled to an aft end of the liner, said method conprising :

cutting ttzfl?&gaﬁat | east one of the conbustor inner and the outer I|iner
upstream e liner aft support; renoving the conbustor liner aft

support fromthe conbustor; and installing a replacenent aft support within
t he conmbudt or Suntethodabr tdpiacingnepordibh of auap airbineshgind soafbuwar Hndrl the t he

portion of the conmbustor |jner that _is streamfrom the cut. 2. A nethod
in accor d&ﬂl@guw IF?R@%? rembusiige 8 farmed upﬁ?rr?gdtwead@ﬁrsaﬁlq igagtandone of

the combughRr 1inBR&ach HREIAIANT sER& GUlRELs! hiehist fodl LRSle FARPAASES dulrt | NY.
through at |east one of the conbustor inner liner and the outer liner in a

di r ect i on linp;tndleding s afaruppdrt yeoppled| toekn taft and afi theolingrotsaidi methofl t he gas
t ur bi ne egglinnﬁsin . A method in accordance with Claim wherein said
installing APk epfacenent aft support further conprises welding the |iner
aft support to the existing portion of the cut liner that is secured

Wi thin the conbuisihgrthrebghAatniialtodné nfathe osdhabicr Winhér ahdiithe butevhideei n t he
aft support is coupled. to coni cal datum flange, said installing a

r epl aceneHPSEERR LopR M inefattsPAPhe conbustor  conprises installing a

repl acenent aft support including a conical datumflange within the

combustor. 5. Aeri@liNOmhelcBmBEROF BRDGR sWhid frbiithe dom¥Wedrehdy t he aft support
is coupled to a conical datum flange, said nethod further conprising

uncoupling the datumflange fromthe conbustor.
installing a replacement aft support within the combustor such that the liner aft

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

the cut.

2. A method in accordance with Claim 1, wherein said cutting through at least
one of the combustor inner liner and the outer liner further comprises cutting through
at least one of the combustor inner liner and the outer liner in a direction that is

substantially parallel to an axis of rotation of the gas turbine engine.

3. A method in accordance with Claim , wherein said installing a replacement aft
support further comprises welding the liner aft support to the existing portion of the

cut liner that is secured within the combustor.

4. A method in accordance with claim 1, wherein the aft support is coupled to a
conical datum flange, said installing a replacement aft support within the combustor
comprises installing a replacement aft support including a conical datum flange within

the combustor.,

5. A method in accordance with Claim 1, wherein the aft support is coupled to a
conical datum flange, said method further comprising uncoupling the datum flange

from the combustor.
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-10 6. A nmethod in accordance with claim1, wherein at |east one of the
inner liner and the outer liner includes a plurality of cooling nuggets
formed by adjacent panels, said cutting through at |east one of the
conmbustor inner liner and the outer liner conprises cutting through at

| east one of the conbustor inner Iiner and the outer liner panels

downst r ea fro the coolin et.s t hod repI n ortion of
a conbust [ %ﬁi'({dm“r?cagf& %ﬂb %m Qﬁﬁ @Bﬁﬁ?ﬁ%‘?@ro é'g’éﬁhg?fst or
having a C&Hﬁh@&ﬂlt@ﬁhﬁ&ﬂﬁdﬁ@&@ﬂuﬁﬁtﬁ&f éd@)‘ﬁﬁ% n@bts ﬁi?m@&'%?radjab&ﬁrpanél?e i nner
and outer liners each including a series of panels east one of the

i nner | i neeidaguiting éhrouglent ldagtepnd ot Ithﬂje@nbusscupmmt liferaange theoputerdliner a
downstrea t bet ween an
Coror ! ¢o e TonReuddleinld IRt 13 Shotl HROSERER iRAd Giner bl AP BAAST,

out er I|nqraﬁelsﬂemmuea@lﬁdﬂﬁﬂwdohﬁgln@ggetshe at | east one of the outer and
inner liner that is aft of the cut; and installing a replacenent |iner

into the orrbustor to epI ce the pQrtl n of the Jiner renmoved fromthe
conbust or /-8 Blytor eBlécias daprrionof A oy hn\ﬁh@’r‘@f‘hatg"‘l%t‘(‘fg%ustor

further i réﬁlgi‘ﬂ@ %§mbﬁzﬂoxulﬂ§et &ﬁﬁfﬂsﬁﬂq’laﬁﬂg o NERsd SSHE BRHed 6RLA irét tdnRY

bet ween an Outer surface and I nn surface further conprising the step
of cutti ngntouteslighr, theeinaer dndasiterdimersofach sludinge seridsod panaie at kestoweer | i ner

such t hat artion of | th rt .flange is uncoupl ed
From the. ity hegind BE opld Bher GG {Sheba ARRRF Birred pt Bcfins o

installi n@naofgm@hm@g@ﬁa&ndthdwomﬂﬂg[ﬂgher corrprl ses wel di ng the r epl acenent
liner to the existing liner portion that is secured within the conbustor.
10. A method in accqordance with Claim8, wherein installing ar fpI acenent

li ner cutfing between an outer surface and an inner surface of at least one o

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, said cutting between an outer surface and an
inner surface further comprising the step of cutting through the at least one of the
inner liner and the 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 8, wherein installing a replacement liner
further comprises welding the replacement liner to the existing liner portion that is

secured within the combustor.

10. A method in accordance with Claim 8, wherein installing a replacement liner
further comprises welding a replacement liner including a support flange to the

existing liner portion that is secured within the combustor.
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further conprises welding a replacenent liner including a support flange to
the existing liner portion that is secured within the conbustor. -11 11. A
met hod in accordance with claim 10 wherein wel ding a replacenent |iner
further conprises securely coupling the replacenent |iner aft end to the
conbustor using the support flange. 12. A nethod in accordance with claim
8 wherein Hhe support flange is cou LedBSo a .conical datumflan sai d

I g e,
met hod f urthdt TGRS A% REPRAREE dE GEDnD QditRin rreisige @ FenerRe! HBffbust or
13. A net FoaghdrncogRREH 8GRI Pchib I Rlpath B8 YOSH Bk Tinkh8ft IcAB ]S tRDEoAbi®sr | 1 ners
each include a plurality of cooling nuggets fornmed by adjacent panels,
sai d cut t iwspetthe Swghrt flangs-east one of the conbustor inner and outer liners
conprises cutting through at | east one of the conmbustor inner and outer
| i ner panghs I; o . ' : t hod for
repl aci ngqg' f}g@?@g?\ ng? %g%&#%g%thocﬁ%ﬁége?@r%f%ﬁg?ée%&ggﬁb%%ggé}s iloﬁﬁlgrﬁ‘ tg\l/ai/i thin a
gas tur bi reniealgidatemcibarigassaid metlivel firthke asihprising dat@ipliag akedathimningencl udi ng
a pluraligt f co%l i nIg features fornmed by adjacent |iner panels, the liner
al so incl glecélﬁ‘ 4¥Tend coupl ed to the combustor by a support flange,
said nethod conprising: cutting through the at | east one deteriorated |iner

bet ween fngmaametHédein acotrdbaeewth A8 8 iviRieih Gh&MndePRAA chtrilffess &fcht he
l'iner; renoving the portion of the at |east one deteriorated liner that is

aft of théncdyie a plugpity pbcending mysents faamegd beisdiacent pgnels.rsaisl eugtingethtoughner into
t he conbu to.r i f t.h | ner. repov fr h

combuat or 2 Gast' e BRSNS Rl w88 oBler iRy b fier RESHWER RS ) ¢ e
portion obn¢ d theebabusivatetr cadhugéolindri pi@klst d@dinstgaaf froraf att logst Gitle

conprises: ..
P cooling nugget.

14. 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 a
plurality of cooling features formed by adjacent liner panels, the liner also including
an aft end coupled to the combustor by a support flange, said method comprising:

cutting through the at least one deteriorated liner between from an outer
surface of the liner to an inner surface of the liner;

removing the portion of the at least one deteriorated liner that is aft of the cut
from the combustor; and

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

liner removed from the combustor.

15. A method in accordance with claim 14 wherein removing the portion of the
deteriorated combustor liner that is aft of the cut comprises:

uncoupling the support flange; and

removing the deteriorated liner such that the support flange is removed with

the portion of the liner being removed.

16. A method in accordance with claim 14 wherein the liner includes a plurality of

cooling features formed by overhanging portions of adjacent liner panels, said cutting

-11a-



uncoupling the support flange; and renoving the deteriorated |liner such
that the support flange is renoved with the portion of the liner being
renoved. 16. A nethod in accordance with claim 14 wherein the |iner
includes a plurality of cooling features forned by overhangi ng portions of
adj acent liner panels, said cutting -1la through the deteriorated |iner
froman outer surface of the liner to an inner surface of the |iner

conpri ses tegpgh ty detariowajed lines froman onfer surfagerd the Heer te gblingey speeretfes. 17.
A met hod i [ pl acement |i ner
further coﬁr'rcb%&ggéﬂggfﬁ ol ﬁ%ora p aggﬁ@e%{tgﬁhﬁeﬂﬁﬁ{@do# hggeé%réfl ng portion of
the liner that s secured within the conbustor. 18. A nethod in accordance
Wi th clainmyld wheiel A NebHaRG &ihe Llﬁﬁaﬁpﬁer&hgﬁgtamfng Fk% CERRRY 1is&S.
securely coupling the repl acenent |ner t end tot C ustor usi ng the
support f [fentlgee corhPrises wnidlhg) thei mplaccummi Sinedowhe exigtingiportioh afttbe Bher thdie

support flange is upl ed coni cal datum flange, said nethod further
conpri si ndf %Erc?flb”f 5%81? Bfﬁlf‘n flange fromthe conbustor. 20. A nethod in
accordance with claim 14 wherein the support flange is coupled to a

coni cal dqg ;Ae sai d rermv erl orated |i ne suctl hat the
cupport f Minge e i ARGSEORT PEh G 1 FERULY ST o REASTPEROPRT ( he
liner bei mgrihegrouptiscs sebutely coupling the replacement liner aft end to the combustor

using the support flange.

19. A method in accordance with claim 14 wherein the support flange is coupled to a
conical datum flange, said method further comprising uncoupling the datum flange

from the combustor.

20. A method in accordance with claim 14 wherein the support flange is coupled to a
conical datum flange, said removing the deteriorated liner such that the support flange

and the datum flange are removed with the portion of the liner being removed.
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