METHODS FOR REPLACI NG A PORTI ON 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 channeled to a conbustor wherein the mxture is ignited within a

conbustion chanber fMET§ENS EORMBERBACESELUEORIIOYGES At | east sone

known combustors include a do §%ﬁ% owing, and liners to channel
t he conmbustion gases to a turbDi nﬁ% 1?‘qi‘nsilp?acts 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 |load, such as an

el ectrical rs are coupled to the done assenbly with the
cow i ng, g}%ﬁgi}%]ﬁ FJFIQ fromthe cowing to define the conbustion

chanber. At |east some known liners include a plurality of panels that are

connect ed ThRORBRon \femtas e &GhRE, tobéhlsttﬁﬂam@ren%ﬁbdﬁﬁld(iﬂ&@ esdriqnsiy, A3 aft end
of at |east some known liners 71s coupled within the engine by a “coni cal

dat um ar ealetlmdpoﬁorurgpia@ﬂgtq@elbpamlaﬁ pﬁmpﬂdéawmo@neamglsmg‘géx gag durhing bet ween
adj acent 8‘2#{% that extend radially outwardly from the panels and away
fromthe C (’sti on chanber. Accor di ngly, such cooling nuggets are not
subj ected to the sane degree of heat as portions of the panels adjacent

the conbustion chanber, and as such, during operation thermal stresses may

i nduc continued operation with thermal
st resses W%gﬁﬁﬁfﬁﬁﬁvﬁ%fm| y fati gue, causi ng weakeni ng and/ or
cracking to develop wthin the panels. Also the aft conical datum area of
the |iner AMRybine cRPRe flﬁamlwse@coﬂwehgag fOPESAbreSing AP WHREL AAMBGACGyRN GBI Ng

engi ne assenbl y/ di sassenbly
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 cowling, and liners to channel the combustion gases to 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 riveted, bolted, or 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 panels 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/disassembly.
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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 thernmal stresses have induced thermal
fatigue or distress in larger areas of the panels or in a plurality of
panel s, the conbustor may not have enough structural integrity within such
panel s to enable patches to be attached. Also, if the fatigued and/or

damaged cémireeat repair iathkods andludeswreldingdhermeh fatighe craeks. cAfldigianally, antebesmay be
cold size ' |.Z e d.apd/or fatigued
ar ea, kn%ﬂg@éagﬁdzt?%&ggfﬁ% s&ﬁr&y&%%fe eélg{laP % g}:et“i&lll \2/133%% e é)iwre’lv?\rg%t he

coni cal dalteitheanaiagiressdsrhavt diidieas eBermial it gue air disted’s pameker areadbPtheconi cal
datum areas, .is not a fﬁasi |l e option, and instead_the entire conbustor

liner is PeflaCEdn BBEEILE of enplsnitle sambusins| Bay neb hevre ceQigh dRKEHe done
assenbl y, iﬁégﬁ\g Wiltein S04 5&&@@5@%@& géfb'ﬁés BediBRfaE Malied it {h%rfaﬁgfedl i ner to
F when the f

be repl aced. rthernore, steners are renove rom-t cow and
donme assenhd/pr dpmegsidseonitiahdatsinoaret iy shat eonghpthevwmeaival Hgunoaponaytte may  be
altered and as resul t eci.al toolin Y, be required dur.in

e- assenn ot s BONeltr, APRG e tiA FaP T Pe AT RTINS CUBMhgeRugget s
and a conikgavn @akltﬁiﬂiﬁ% ArRtHEAY md¥hod bt leffBctBRNA ¥EPaltthg2iRE cEXRANRIMME aRia®Cess.

BRI EF SUMVARY OF THE TNVENTION I n one aspect, a nethod for replacing a

portion of gugfnsaset isp#e of iyrih @ardsiangiasrconiasbdatugs ereapris wtt adfeesibler | ange
'S provi d%ﬂtiox{?ﬁd HRERU IR ntird &%ﬂi&f‘s%orfhn%f’ﬁ"%g@hééaﬂ BeliliRe QAR S, é’&ﬁpieﬂ“er and
S. ou I ncl u

outer |ine e I nner an er 'rnérs e € a séeries o panel s,
and at | e&stheawes] ahd theedomeaasserably, bfien theteatird ¢comebusionahusdBs ddassafnblegduppor t

coupl ed o an.aft end of liner.. The nmethod conprises cutting thrqugh at
| east one 0 e et Ebﬁ%a%x{lwd-i TR K e%ﬁlfﬁ?@%%ﬁfﬁfﬁ@ﬁ@ﬁﬁ@mﬁm the
liner aft csWPRA domé BRI pilfe dRRERIHRD eldtioNS betdfcbn HERAJonbAte Mdyhe
conbustor, and installing a replacenment aft sugﬁ)ort w thin the combustor

such t hat beabetef nad aghireslip practal doalimgdsayale reguirell Aumng reressemlalyt iTdms,of t he

i i . f h . f th
Cvent i onreriRFls hSGpldon R ARG otna ity and SRR ARG G i o
gas turbi beaehg-amstmidpmidexpesiemyiedaed. The conbustor includes a

BRIEF SUMMARY OF THE INVENTION

In one aspect, a method for replacing a portion of a gas turbine engine combustor liner
aft conical datum flange is provided. The combustor includes a combustion zone
formed by inner and outer liners. The inner and outer liners each include a series of
panels, and at least one of the inner and the outer liner includes an aft support coupled
to an aft end of liner. The method comprises cutting through at least one of the
combustor inner and the outer liner upstream from the liner aft support, removing the
combustor liner aft support from the combustor, and installing a replacement aft
support within the combustor such that the liner aft support extends aft ward from the

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

In another aspect of the invention, a method for replacing a portion of a combustor
liner within a gas turbine engine combustor is provided. The combustor includes a
combustion zone formed by an inner and an outer liner. The inner and outer liners

each include a series of panels. At least one of the inner liner and the outer liner
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conbustion zone forned by an inner and an outer liner. The inner and outer
liners each include a series of panels. At |east one of the inner liner
and the outer liner -2 includes a support flange formed at a downstream end
of the liner. The method conprises cutting between an outer surface and an
inner surface of at least 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 cutincleded 4 mnpam ﬂmg;eafonnpd at:@r@ﬂnstrﬁﬁmendmfothbﬁel%orfﬂwsmﬂwdt 0

repl ace th [tio iner. ved romth I3 further
aspect, ﬁegﬁ%ec? cfuolrng‘r %Féll uée t% AR LY %t 18% 8?8 Sfoll’teed
conbust or nineﬁ and \thd iter Hn@@,sreim‘bﬁrﬁigrtﬁe @ag[dmeofcme‘rw $da0r oméopﬂﬁ\mﬂﬂéﬁhﬂdThe at
| east one, deteriorated liner includes a plurality of cooljng features

formed by insf ae@rntélaq lﬁﬁ@rof theafat and ms@llmaﬁfepéﬁcwenwm éntadhaperabystand
coupl ed t@o;eg ﬁbr}ﬂeﬁnéﬁ%%éd ﬂ{nlﬂacﬂggomg'&@mrret hod conprises cutting
through the deteriorated liner between froman outer surface of the liner

to an inner surface of the liner, renmoving the portion of the deteriorated
conbust or It ianBrtheh aspecs amethﬁd fdnereplatingrapottiva efonatblesstoone detdrivmatedal | i ng a

repl acenent inta I)StOI‘ fo re ce.the port thellner

r enoved fFBW‘nl’u#?nreh%%%gg? Srgas"'-< 5%1 HE ‘E)R:Kg\? re 1lis
schemat i ¢ dedelibmtddatin@ninbludés §urklifyddbMEodting] f&@mrd?;l funed Byl zﬁija%eﬁlaﬁﬁéra|

cross sectional view of a caombustor asserrb that may be used w th the gas

turbine eRgide Jhedirer alseiigelpding anmfyard cony %d Enthergoarbystor Py ensuppod
conbust OI’ r ong area
3; and Fi glﬁirlgbe4ﬂl&€ﬁg%l Pmbﬂ?eg%@ﬁ% Z&@g@ V‘ﬁe;litér\flhr%tgv& gﬂ i an a%%erér}g?llh ve
enbodi menvuef sarfaceafithes timer tb iandanndr [satfaceayf the linere demotihg tHeepagden bfithiei ne
engi ne shawn .in Fiqure 1. . DEJAILE CRI PTI OF EINV Figure 1
is a scheﬁﬁffﬁefam etsior Hre atis giot¢ mtrféoré% tof, dﬂ?tﬁgn& 2 ow
pressure r&GHRARASEMer dto the BoERusRiras $eP15ccREBbRRAVT tHAin@HEmav&OABSt or  16.

Engi ne 10 al so
the combustor.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is 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
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i ncl udes a high pressure turbine 18 and a | ow pressure turbine 20.
Conpressor 12 and turbine 20 are coupled by a first shaft 22, and
conpressor 14 and turbine 18 are -3 coupled by a second shaft 21. In one
enbodi ment, gas turbine engine 10 is a GE90 engine comrercially avail able
from General Electric Aircraft Engines, G ncinnati, Chio. In another
enbodi nment %as turbine engine 10 is a CF engine comercially available

f r om Genercavpled by @rseeond ﬂh@géﬂt IErﬁgllerﬁ‘é@Odmlm,l gﬂsetmbmecmgme 16 150p GELQ on ai r

flows thr %H%Qe c@%n?&&?iﬁi a@alfa%%}z)%r%ﬁls Eiren?fal i & rg&ﬁggglglgsr .lﬂcm‘?%‘gp hl ghl y

froml ow pressure co ssor pressure

conpr esse®hid.r Im&ndhbn sabedimient, ﬁhubhleren@ﬁle A 1sfd OF énphin esme@ialy 1
drives turbi Pagie 8 and 20_and eX|ts %6‘5 turbine engine 10 through a nozzle
24. Figur &v8 OprnrR Elscishiagatt Foges.riagpeat, édnbust or 30. Figure 3

Is an enlarged view of a portion of conmbustor 30. Conbustor 30 may be used
W th gas tWBEAgon, ezﬂﬂ%lﬁ%sJtﬁro%ﬁﬁ“’ﬁ@w'ﬁ}eéﬁh&“&ﬁnﬁress%f'qmeﬂﬁ' eQellQiBjsassenbl y

32. Afuel inj ector (not shown) extends into done assenmbly 32 and injects
at omi zed Sueglied Hireradhwdpiessura se@ptsssor 312 tmmghapnsmbmsmpmsmnledf 3dhef

Fucl i nj et BanBeon? S aet Geed |6 b Rustnn P orh Y SR PRNSOE 1B “ana

radi al |y dfAney tutbie3arttdnd Q0 aie FRigs gas(mmesda@m)loagn@ugpmuﬁzeml i ners 40.
Conbustor liners 40 shield the outer and | nner supporting nmenbers fromthe

heat generat ed wi thin, fonbustlon zqQne and includes an .inner_liner 42
and an ouf&§rs e partial prossrsectiey! vigv @ af:@mbugtoaﬁﬁufégureEllﬁéwnlﬂgeénd 44

def i ne COWBf‘H%&Q&?o?@om é{&uw%ﬁaﬁ% ﬁg%d&sear@m ﬁg ﬁfése”b'y

32 downstreamto ‘a turbine nozzle (not sho ter and in |ners 44
and 42 eaehginad? tﬂhl@vwalrpFlgua?I l,tapdonclswaer@nme pombly B0 AHhelhinjeomlr (ot a

series of, steps .52, e disti of C nbustor
li ner 40. }&’Yrﬁ e’ftfn?'ldérm i1 8“13 ?Sﬁﬂg M ﬁl@fﬁéfﬁlegtgc OIFlch%ﬁu’@lSP B’é‘r‘?d 60 and
62, respeaiseidly32 aftd a cdnibuktidn RHREI6 Slconilfhsd 30&6&@@1@%%&%&1 hdere bol t
band 60 and inner bolt band 62 are positioned adjacent to done assenbly 32

and ext enthagivigsitededamstresm @bhe 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 fo a turbine nozzle (not shown).  OQuter 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.

Quter 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 inner 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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assenbly 32 to first panels 64 and 66, respectively. First panels 64 and 66
are connected downstream from bolt bands 60 and 62, respectively. Each

adj acent downstream panel 50 is nunbered sequentially, such that second
panels 68 and 70 are connected downstream fromrespective first panels 64
and 66. Bolt bands 60 and 62 -4 include a plurality of openings 72 sized to
receive fasteners 74 therethrough. Fasteners 74 secure |iners 42 and 44,
bol t bandénd@leandpiemlitarnd epapdngs 32 suzad jo 28caive fatensraddethsrgthdngh.Each

conbust or | l.nelud c rhifer f 0, .an_exterior
surface ggg@%ﬁ%%;%écgflee@%gsﬁ%?%%f |’%§h3&9 &S(%F 151: O?ﬁﬁ?gﬁgw %Sﬁ;?lingf(e ext ends
from done domssssehibyy 32 to the turbine nozzle. Conbustor I|iner surface 80

and exterior surface 82 are connected together at overhang portion 84 and
forma rear faci edge A, plurality of, air cooling features 88

separ at %&f}aeeﬁgg%%%&gfg? }r&é‘ﬁgﬁ? anbuajor lingh pyrrserilanty eeterian sirieeude
openi ngs 89 W &k dvefthY Sofldn SNercdbi Nider QA 86 dkidAlE HOR Gag{? shown)

such that a thin protective boundary of air is fornmed between hi
t enper at upgsenbibhisto the tugbise sozaiel Combustonlindr iswdacesirandctedor sEtace88r nor e,

openi ngs 90 perm.t.conyective eooling. of,co stor lingr. 40., Specifically,
openi ngs %Efog"é*??%ﬁ%??%%ﬁ’oeﬁﬁ oy gﬁf‘?ﬁ Bgl%gg %&q‘?%‘o&%afrgarrré&mgeetd&ggﬁ. a‘gj acent
panel s 50 phiglity basir abdlihg fexvaied S8 separitd ggatent 98mbadtoEshnblY 58dj acent panel s
50. Panels 50 are connected serially, such that each panel downstream end

100 i s connect ?,d to an up,strgam end 102 of an adj acent downstream panel

50. Nugget™r eeelingdeatyresdd ingludeepenings Yt whtchoisesive i dherstherugh fepant i ve
downst r eaty 34&91 WP E%@:ﬂ@qgh 43P 2 2 prdiBdi Lﬂoﬁﬁ&er:glblffai N HREkQn 46
i ncl udes ar Iurual ?{Oy of nuggets S?ﬂ Iprrl tﬁleveexerrp ry reﬁggﬁfeﬁeb%?%&?egi on 46
i ncl udes thigheempegget sogbustiom gasesnahd i doolbastoe dinon sudacer’f]. udFeghermopé,ur al i ty
of openings (not,shown). A layer 110 of the | barrier. rial .is applied
on conbusgg?rg?gsnge(fp%’?%?@ge% : CO% ﬂgﬁ’o%}%ﬁshﬁ}neﬁ%@-e#‘é‘iﬁﬁ%@t AR M&sul at es
conmbust or 9bi éxedndsttdupbefedrdst RMwHid 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 embodiment, thermal barrier coating
material is commercially available from Englehart Industries, Wilmington

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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tenperature conbustion gases. In an exenplary enbodi nent, thermal barrier
coating material is comercially avail able from Engl ehart Industries,

W mngton Massachusetts. Each |iner 42 and 44 al so includes an annul ar
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 assenbly. Mre -5

speci f i caPPseificallyreash pwmort fangp 420 tmbidep a ragiadd portionai0andgaionicghdatem and a
conical d ar . I &eh rfk ] t radi | nwar dl y
froman a teq?g%bug%gﬁaﬁakﬁgﬁi}api %gré%%@glrgggl%w %@grﬁwﬁgr&g#%ué‘yn%d 124,
Coni cal dainembmere paid 25k at amds lineb bt el 124up Conamdatnch treand3af exténdsnge 120

with respe to an axis qf rotatjon qf gas turbine engine 10. ni cal
dat um ar ORI REHEABATY T H8 2P SER: FESRPCt ragh 09 Oh SuB 9TLOREEur ol y
fasten | i fgbindZnkRel R EOMIBAIHRNIR2ACI BSHEIRLY a n%l{n'tiﬂg sﬁﬂﬁéeaﬂépmathﬁs :
atom zed fuel is”injecting into combusti'on zone 36 and ignited, eat is

gener at ed ugdd thispcurelydastd lingr ¥ deithis taibinegrzelesisssmitbyist i on zone 36 t hrough
cooling features 88 and forns a thin protective boundary of air along

cur aces DirREgRettbh BTl A3 Rl PRI Sncl® R B eher < 40,

As a resubeatdl gendhted wethiexpns 86 Althouphairn@iters icoR®astivbn ner3a thidughl i ner s
40 may beco d teriorgatngd. Detaéli_lorat ed regions of conbustor liners 40 may

be removedOUHE e End<PHEs # HEn PrRiediyadolRdEy PhEa alppespmbuser dner
speci fi cakhfacedR) %r\}aﬁraﬁ(g}?ﬂl %ggiseﬂasof% HASRE 1ihb1nﬁ{rfagés Tcmgh Q&ng&gﬁygd and
ods S leld returne

repl aced using the net cribed herein. If a engi ne,
such as emgiyriaddg, themudlustessearintgf lingyori0i 0Asof rdsniherf dontiewed4@xposure to
deteri or at,ed circunferential cut s made through conbustor |iner 40.
Speci fi Caheyyagsgregﬁ?wvef ﬁmeF%L“bﬁiﬁ? é(?gl,aytbﬁ%on&%&t?réorﬁt&g.e t hr ough i nner |iner
support flange 120, as illustrated with |ine 140, such that the cut

ext ends f Deteriorated repidi8raf@ontbustbatifer8 20tBay bé eémbvelemidaeplasddr dsageth@0, and

such that a portjon. lg of liner 40 remmins secured within conbustor 30.
Mbr e specF‘feF}Z'?(QPId??cr%h? i1’5'{'1&%1“4 Mopggwesificghy Kletstigpded reeions of 1Radtilimer #8r ti on

130 such 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
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 returned 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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t hat support flange 120 is renovable from conbustor 30 or liner 144. After
deteriorated regions of liner 40 are renoved from conbustor 30, a

repl acenent |iner (not shown) nay be coupled to conbustor |iner 42. The
repl acenent liner includes a support flange 120, and is sized
"substantially identical to the deteriorated region of |liner 42 being

repl aced, such that liner 42 is returned to substantially the original

pr edef i nedheiPxigiRg pertipn o diner 40 AR one ERdodispnk celeatron Yaape EB weldiegiswel ded
i nt nb ' , tel] i | t
o ot g B FoupéclfY R Repadiglbnt Bk bilin (ERARRETRY ' bSRer cRbBnfiat O, "

shown) of thrpatenejpercgsp MIG| iwding Sis Wwakdlad $coue thewreplaceasntslise ®ithinb t he
exi sting pol[ni)i on g | iner 40. In one enpodinent, el ectron beam EB wel ding
is used COMEBGT ¥t nEhS EplasERRUPPPR dlangs dhFerouBlss e th twbine| ppzgleot her

embodi rrenfassen{bqlﬁ%ﬁ_ecﬂeﬁrﬁ?%En&?%oatﬂgqggf@ﬁ%ﬁgﬁ? th@agi ﬁﬂ%ﬁe‘a aﬁfeg;a%e@i@xgtnge e

replacement liner within conbustor . ep t support
r ecoupl ed liner surace §0.bImanercotoidenendsthe neplacemanidlindn énalwdes lpzateriab npgraddsi ng

mat eri al t.hen be applied repl.acenent i ner surfac 0. In_.one
enbodi rne*n{{c,"a Xf?’%ﬁta%eﬁ’ﬁ%ﬁ'ﬁ%ﬁtusfaﬁlﬂéﬁig?)rﬁcqoﬂj&ggtoﬁ’ébm a@oﬁbeéreéﬁlé)ghm?% Mecilitate
ext endi ng réplaeaient lihdrfigcl@desc@BltS iPsradl; inkhidapo bliekot eriedi tiRelbeatioRe,

repl acenent _|iner includes_ cooling upgrades, including, but not limted to
rel ocat i ofgsizingasf shanges inhe anmhereaf doplingteaiet®S: of cooling features 88.
Because deteriorated liners are replaced using the nethod described herein,

conbust or §3.30,sr get%ﬁ%ﬂﬂfelae inbQ SR \%Izlgcéd,s | Rhe? the %Qt’ﬁ&‘im@ésmgﬂéﬁg 8-1%§eiﬁ hat

facilitates 1 nproved savings in conparison-to renpving an aci’ng
entire comrbmbusiors| 3theresretwtied Fostiverenming abepavseertt rocesyp lthat ceilitatdsi ner s
are formed_to bgz substantialaiﬂ.\'(f i dentical t orli i nal |. inshtlllg{ol jd | i ners
42, aer odyNBVES SRYPE} HaRURPARAn 49 AETRYIBE 200 P AF AR SRR e omBstor IR6%r sel v

i mpact ed [y, t Farth@iods; ehapisel ineefeplacthait! Bneds iase SmeNll & Beubk@sgaigect i onal
view of an_ alternative enbodi nent of an inner conbustor inner |inér 200

that may fentisddtovpriginglsinstated haewm, meronqsisopmfarmands gush eombustari ner 200
'S Subst aQkimiohcs b doRhadelsely Hffacttd By HOMBILOnELGHERS 2 and 3),

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
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and is installed within a conbustor (not shown), such as conbustor 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 forma distinct portion
of conbustor |iner 200. Panels 202 are connected serially, and each panel
202 includes a conbustor |liner surface 210, an exterior surface 212, and
an overhang partion 214. Conbustor_ liner surface 210 extends froma done

assenbl y @ABt Qnsipgy 22Q ame kngws; ascdilvbion openingseand) sxtendrhstwegadiner surnebust or

i ner surt i : 2. ar (o] ep at

over hang 5‘2??“.“ éﬁ%%%gaﬁ%ﬁ?%rz ?nﬁaélrj%%?&?%ﬁ %lgn%e@cgg%%ﬁ\dggf%r% | yﬁlgf air
cool i ng f eambuser. 218 tleepangiay atdjb@damndnt.c opdnitsks 612 0paa elibst&0Rlly Airculanol i ng
features 218 .i.nc] ude a pl I t f openjngs 2 ich receive air

ther et hr oSBteiRFaly aretariet ol dielodio R SSRIR S0 1 PnAdoUnEFRR BROPR i ve
boundary @hd aiBody! mf@&aﬁﬂlggﬂkmem@hgfpaham@%ercsmfe@féay%d_h%agéa%ﬁs and
conbustor liner Surface -7 210. Openings 220 are known as dil ution openings

and ext endap@t devaistreamesndsFF ax eont®d aiedare ypstrdany esdir2BAcef 24 2djagent

facilitat ' 'Qg UL J ithin the onmbustor. I.n th

exenpl ar y%g%%é}l mﬁ%ﬁe?gg%nﬁﬁgai%é gfeeyggﬁ}ﬁét% Stﬁ'feleﬁlaﬁ%?c%# rcgﬁ?eaﬂ?d paner

Speci fi cakéspectbectvwpstiedm 20P upsiadandasls 232 WA8 DBeANNESLtBIh ard kKhowaSdsr eam end
232, and a body 234 extendi ng therebetween. Panels 202 are connected, such

that each SURFASIL NBRRHS tn S ehplary smpedizenh diseretD 0 igcludes sk nvegsh 238d 230 of

an adj acent downstream panel 202. Nuggets 236 are forned between adjacent

connect ed iPaReliferndtfe REREddiBei oG &e MRt al Bl 3t &1 f%lf’fg r@@@g}ﬂb%g?mt

Nuggets 236 are known as super sl ot nuggets. In the exe

| i ner 200 appliddude cogibustoudipet sudas. 210) and ahhancesathievthesnidopliotetivn f | ayer
of thermal_barriet material (not,shown) is applied on conmbustor |iner
surface wagg%gqgﬁgﬁgg%ﬂ&qrhggﬂg?m q’%%c‘f“?‘&ﬁls%‘?n E8¥8bust or | i ner
surface 210 from high tenperature conbustion gases. Liner 200 al so incl udes

an annul alLimsen@00rdlsd Inghgles anranabler bhppogefldde, oSpkdldne 240y, Spesifigplly,t fl ange
240 coupl es an fﬁlft égg 244 of I#'[ necL 200.to the turbine nozzle assenbly.
Mor e specPYRROR) Hlgnge dait go Frdygifeotlimsr PR fq the duthinedweale apwmblyn 246

and a conigt 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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datum area 248. Each radial portion 242 extends radially inwardly from an
aft conbustor inner liner panel 202 at inner liner aft end 244. Conical
datum area 248 extends obliquely upstreamand fromaft 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.
Openi ngs 250 are sized to receive a plurality of fasteners 252

t her et hr oGBWbEHer Haer, sueh ﬂiaasieaqmomjedo syenorb flanges mpe beuieplaged. nde zine

assenbl y. i . i f Eﬁh i . d and
repl aced Sgﬁﬁgi%eﬁ%a&eﬁgﬁﬁgdsﬂgg%%ralrggﬁn er g[|5ynf|:15tp§§ att]%? ?%IFEX # g?tﬁfrhﬁg%){ gngi ne,
such as enpgitiva ofthe supgot bege dfheff anyawooting featuréd oreug2a9incheled chéthirathel east
one deteri.orated panel, 202, a cut is, made,  circunferential|y through
conbust or thP%e_rAS_Z geit raemﬁ%’dd@_t @Pi"@@t‘@@%aﬁ’i‘ég@s Z%?“QF?&‘?J QHB}S’é‘FtO%f | ange
240. Mor e c§iBhdtdd 15ekd 6 belrBifiofdd anldSeIBEA ih RIBMUHRHPORd relih108BNR40, (as
illustrated by line 260) such that support flange 240 is renovable from
conmbustor 30 after fasteners 252 are renoved. The above-descri bed

conbust or Bxpmplary epibadienants ofecombustios lings treplpganeant \ase siescrivied bpverisl i abl e.
The met hod_J.Rc . r ving.deteri.orate jons frqgmthe

-8 conbust((:1 S{ra ﬁ] ffﬁgﬁ?ﬂi&ﬁ@{ Iﬁ‘gti m?}gaetdet?iq%r%{é gléi% seupp?glrntlgr\&? gﬁgrgéédn%}ageb&epl aced.
In one emdiheli agpects cfetwhimethddchdyl b gdlzalr mdepamdvadtly byd eegdritely fdmough

axi ally through portion of the_sypport flange aft of any cooling
features Sﬂleﬁ%’b‘ﬁg‘?dss GierRrdelrrein: nEach fambystoferomponent sansglise beausediifod i s
provi ded wWhihsiha8HRREE SRS LENbMIGE BthpRRLtkons of conbustor liners to be
renoved and replaced in a cost-effective and reliable manner. Exenplary
enbodi ments of conbustor l|iner replacenent are described above in detail.
The met hod¥hiler therigvention hagdregn deprribspdniteims efrbaiivsepesifidesdidbeenthier ei n,
but rath t f ch..yret hod. bg utilized independently.and
separatel?kF?é%gﬁﬁtﬁ%r‘%E h%gg?ﬁ%§%¥?§ég: ergpﬁmﬁghgﬁlg§ngﬁgﬁf¥'g@ﬁponent
can al so kdifieton withtoiibispiait behscopt bf tiehppercledblaghar conponents. Wile the
i nvention has been described in ternms of various specific enbodi nents,
those skilled in the art wll recognize that the invention can be practised
with



nodi fication wthin the spirit and scope of the appended clains. CLAI MS: 1.
A nethod for replacing a portion of a gas turbine engi ne conbustor |iner,
the conbustor having a conbustion zone forned by inner and outer liners,
the inner and outer liners each including a series of panels, at |east one
of the inner and the outer liner including an aft support coupled to an
aft end of _the liner, said nethod conprising the steps of: cutting through
at | east &AAMMS:he combustor inner and the outer liner upstreamfromthe
| iner aft support; renoving the conbustor |iner aft support fromthe

; Nl A5E0R Ok aaga% ibice) s %Eg;in\é'i cB{E{lq)ﬂsth ﬁ?é}o{ggust or

conbust or j;and Al Astidk NSl
such that the ﬁner afﬂt) gugpl)lgrt extends "art war romthe portibn of the

conbust or combnestort lewing & caplststien zohe formet] foy inndr. and .oufer ipetso thel innercandr dance
with Claim/Jl, .wherei,n.said cutting through at | eas one of e conbustor

i nner | i n8PLHECT Ak g ﬁé?ﬂwfiweﬁiscwﬁtgas oF dhe gr m#@agwterat | east
one of thenGOMRUKIRY ahNifeIsubpie codPldd tldCa® Wfelend | dtethel Ind@, Ghidehieito that is
substantially parallel to an axis of rotation of the gas turbine engine. 3.
A net hod Fempdseg hest@seith Caim 1 or 2, wherein said installing a

repl acenent aft support further conprises welding the liner aft support to

the existing 4 f.thelin t i e it hi o stor. 4.
A et hod 1 -y B nassten, k" Bhe ' ey 2rEHEEal! Wi Mk IS L
aft  suppopdtreas feanphelindr aftauppnt;cal datum fl ange, said installing a

repl acenent aft support wthin the conbustor conprises installing a

repl acement aft_suppopt incl udi a, conical datumflange within the
conbustor. 5. ﬁ%\ﬁﬁ%@emﬂ@z}%&@rﬁwgwmﬂ%p% gom (?reﬁl?fyvlt he aft support
is coupled to a conical datumflange, said nethod further conprising
uncoupl i ng t heimdailing £ tepR@emeit’BBuppert GG @bmbudiBr such that the liner aft

support extends aft ward 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 1 or 2, wherein said installing a
replacement aft support further comprises welding the liner aft support to the existing

portion of the liner that is secured within the combustor.

4, A method in accordance with any one of the preceding claims, 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 4, 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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6. A nethod in accordance with any one of the preceding clains, wherein at
| east one of the inner liner and the outer liner includes a plurality of
cool ing nuggets forned by adjacent panels, said cutting through at |east
one of the conbustor inner liner and the outer |iner conprises cutting
through at | east one of the conbustor inner liner and the outer I|iner
panel s downstreamfromthe cooling nuggets. 7. A nethod for replacing a

portion of-a cénBadrdin peasedangs wih any opeef the prcading shimmevheatinatieast, t he
combust oF oReyt i ifhet RGN Blod @ RICRAL %1 Qli%?%oﬂdggﬁfggetgg&rfeﬁ outer

liner, the 1nner and outer Tiners each i1nc I ng“a seri nel's, at
| east onéyafljacére panelgrsald agtingthdougheat derseond ofithe comblustdemnar Engpamdt f | ange

fornmed at .a downstream.end of the liner, said t hoqd conprisj.ng the steps
of | out £ 1 1P BURVEER CAPHTS Spog MEuEh Bigesk AP B ORSCEIReT Hoeh et *one
of the 'ﬂf@fut@ﬂﬂleﬁﬁ&e@ﬂd@fnsfrbﬂﬁ'ﬁ%m&@@Mﬁr%ﬁg@@tsport'On of the at |east

one of the outer and inner liner that is a of the cut; and installing a

replacement liner into the conbustor to replace the portion of the |iner
removed f7om t Remededuior geplagng A nestioioal prrorbusior inee withicha @aitwrbine wher ei n

the Com“%{l%e EohbiGEr itﬂécéoﬁﬁﬁtor RivilP3 c%&%ﬂ&t?dh%%@&g@%ﬁ@ﬁ@ﬂiﬁé}d’ sai d

t
cutting be en an ouf er surface an n- i nner ‘sur conpri si ng
t he step ahd awbtientinérhtheligiertahé oater liaas teacinimchididgveserien o€ parldls)at leagtd t he

outer liner suych that a portion of the |liner, including, the support flange
i's uncoupPBd r‘BWPIPFé sk eng; BF . ouger ﬁn%lpﬁla}éeﬁ A HPBER dlA9ge GIbee &8 & m 7 or

8, wher ei gowhsitdahl dlaBb e Bt 2GR BBhod bbﬁﬁﬁsiﬁg'iﬁerk% s©@mPri ses wel ding the
repl acenent liner to the existing liner portion that is secured within the

combustor. 10. A nethod in accordance with Claim7 or 8, wherein installing
a repl acement chiting betwgentasr owtehpirfase andendiong wrkaep b ek tnasit one efethe

i ncl udi nghﬁne?%gdjt%r %utek-ﬁﬁ%g; to the existing |iner portion that is secured
wi t hin the conmbustor.” -

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 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.

10. A method in accordance with Claim 7 or 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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