7 Decenber 2005 METHODS FOR REPLACI NG NUGGETED COVBUSTOR LI NER PANELS

BACKGROUND OF THE | NVENTI ON Thi s invention rel ates generalh toggag%ﬁgrbine
engi ne, and nore particularly, to methods for replacing nué&%? % ust or
| i ner panels used with gas turbine engines. A turbine engine includes a
conpressor for conpressing air which is nmixed with a fuel and channeled to
a conbustor_wherein the mxture is ignited wwthin a conbustion chanber for
gener at i ng NBITHORSFOIR BEP NG NUGGEFEDsCOMRUSRORIINBRSP ANELS ncl ude a
done assenbly, a bolt banding, and liners to. channel the conbustion gases
to a turbine, which extracts energy fromthe conbusti on gases for powering
the conpressor, 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

coupl ed tBACE&RIOUND a@FsERBIMVENTION e bolt bandi ng, and extend downstream
fromthe bolt banding to define the conbustion chanber. At |east sone

known |ingrs .i ncl ude ?%&I urality of panels that are connected together

with rivet'8d, DHHICBfelatrs genaaly & gae dusbings engingo prd gnoref partienlarln etos
i ncl ud i : ' | h d
), Ay DA R LG N PIE L B T e

radially outwardly fro panel's an

Accordingly, such cooling nuggets are not subjected to the sanme degree of
heat as pbiwbigsengine: includan el @myul¢sacefir donepressingbais twhich shaikedrwitaad as

such, durg t t hermal stresses may be.induced. within the panels.
Over ti neﬂl&%gﬁlt% ﬁ%\r%‘éezf%gﬁ3rcé’ﬁ%a6’ﬁt%“fhﬁre%§’rer@¥m§9%%’g§§F‘?ﬁ?,‘n L serebustighnel s to
t her mal | yhirabérgfie, geadtasing hoveakubich 8%kOr A€ NAEKsBfel IhodgY BbABubANI N the
panel's. CUr{lﬁa t repair nethods include welding thermal fatigue cracks.

n
Addi t i ond19lYde pdeme assembly, apkolhbansding and dingrsda shanne) shectcanliistion gaesweakened
by ther myd SthEsS S hidh j ther .resses have induced thernal
fatigue or adi st re’ssml n %gir[agggf eleffrr a;ébg? tF%eC%ﬁlp])Jg%{é(Fns g(%)‘gesiﬁrfoﬁ‘feﬁ‘flﬁl y of '
panel s, témprsiiiust ewellnay proaftcing vesefh ough ot propeluslairciaft @0flighy owith hi n such
panel s t8 enabl.e pat rhhes to b%.a t ached. Iﬂls ch cases, repair of
OWer 4 10 sach as an electrical generator. e liners are coupled to the dome
assembly with the bolt banding, and extend downstream from the bolt banding 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. 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, continned operation with- thermal stresses may cause
panels to thermally fatigue, causing Weakeniﬁg and/or cracking to develop within the

panels.

-Current repair methods include Welding thermal fatigue cracks. Additionally, patches
may 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 panels, the combustor may not have enough structural

integrity within such panels to enable patches to be attached. In such cases, repair of
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-1 7 Decenber 2005 such panels is not a feasible option, and instead the
entire conbustor liner is replaced. Because the liner is I he
bolt band and the done assenbly, often the entire conbustg?%%m%gm%gmB

di sassenbled for the Iliner to be replaced. Furthernore, when the fasteners
are renmoved fromthe bolt band and done assenbly, precise di nensiona

rel ati ons between the conponents nay be altered and as a result, special
tooling may be required during re-assenbly. Thus, replacing a conbustor

| i ner i nofuglipARgle tsolat adeasihlie gpiian, pag instead t{q’u emire epmbwsterglizends eoplrendi ve

process. BRLEF RY OF -THE LNVE | ne aspect ,of the invention, a
net hod fa%’clmll?ea g% epl "88?185%% ﬂ}?o‘?(fwh?%ﬂo?n%atﬁﬁﬁﬁﬁlgtaé%e@bg%r%&thf’ GP{; er

Wi thin a @abublef Biuie beAgafembRADS iRy linde 14860 'FultReiit#6 Swhen GRNMDUSEI ON
zone that is defined by an inner and an outer liner. The inner and outer

| i ners edestenast larsdecmoved e the bplrhand andodeme ssemblys ypresdisec dimansigndleat ur es,

the cooli . d by overh i portions of.the.inner ,and outer
| i ner panrrglg Eoﬂf[ﬂégﬂ%%ﬁhg %IHE TEat Ur e gbeb%{é\j\%%dfajaég%ﬁt S%ﬁWLPoé).Im%HBIyLPreaI ity of
t he panelrgquired! deitng @hisB@bIIVJURES repliting REESRABUstAIClittG ecluldehgS E6dmgOf
cutting through at | east one panel nugget to renove at |east one panel

f r om t he TeEEHE TRYbe adimep-¢onseming ang cpensivg Procssfe repl acement panel into the
conmbustor such that the series of panels are arranged in steps relative to

one anot Rgitg 'S"U%E&ﬁ?t&g. ; thod facilitates replacing a portion
of a nugget eg conbustion Tﬁlgggyéw Clﬂﬁ a gas turbine engine conbustor in a

cost-effective and reliable manner. I n another aspect of the invention,

t here i s Iproaviademit af thet inochtions a meghad faegitatep esplacary © portdnadnbusdgeted | ner

W t hin aﬁga% tur?’_i ne e %iane comustor,. the conmbustor having a . conbustion
zone f or FEEOPSIOL MOFH ek, A a8 ng PAGRC OARUSARcHhes AemBY e ncludey ¢ each

i ncl udi NgoAbS&idn ngfthmg%eﬁnﬁﬁﬂy AP ¥ ﬁﬁtepﬁga@*m ihile AHogess formed
d net hod t F

by adj acent panels, sai conprising the steps of: cutting between
an out er lmersf@ck iagledean scriasnefi pamalsf adea pluraity lof asolimgmn Eeaturese thepasstingnugget ;

| matal 1 gures Bpmad Biae DaasaE POmOES o Bedaibasd orer bucraprlsdie sodling
features between adjacent panels. A plurality of the panels include cooling nuggets. The
method includes the steps of cutting through at least one panel nugget to remove at
least one panel from the combustor, and installing at least one replacement panel into

the combustor such that the series of panels are arranged in steps relative to one another,

In one embodiment, the method facilitates replacing a portion of a nuggeted combustion

liner within a gas turbine engine combustor in a cost-effective and reliable manner.

In another aspect of the invention, there is provided a method for replacing a portion of |
a combustor liner within a gas turbine engine combustor, the comﬁustor having a
combustion zone formed by an inner and outer liner, the inner and outer liners each
including a series of panels and a plurality of nuggets, the nuggets formed by adjacent
panels, said method comprising the steps of: cutting between an outer surface and an
inner surface of at least one liner panel nugget; removing at least one panel adjacent an
area of the liner cut; and installing a replacement panel into the combustor to replace

each panel removed from the combustor.



each panel renoved fromthe conbustor. -2 7 Decenber 2005 In anot her aspect
of the invention, a nethod is used to replace at | east one_deterjorated
combustor liner panel within a gas turbine engine combust of H¥&RP$7003des
an annular liner including a multinugget region, a mulithole region, and
an inner surface, the liner including a plurality of nuggets, the
mul ti hol e regi on extendi ng dowmmstream from the nultinugget region. The

met hod includes the steps of cutting through at |east one nugget

downst r edmanethen aspect af thedaventionea dwthediipnsaddd repdagsat tleast phadeterieapied to be

repl aced and within at .| east one ,0f,.the lLiner ,nu] ti t,reqion and the
e epituithr el el R s0BR (Oibits Gete SlrpBhstol it Hohads S BeRRE L1
liner pamglkr idchidifde meloinbpsdt Gegionns nelltBbI8Gegion] 8RS bn GAker’ iPfacs,eiENt panel

to at | east one QX|stiq§_panel within the conbustor for each deteriorated
conbust odiner inshidinepluraity wé avgRts, e mEGhse pagionexedipEdorrenedian gure 1
is schemgtic {Jlustrat.ion.of s_turhine engipe:.. . r 05 _Figure 2
5 2 par et i8oR R mEndf SaaieR BFSERCLF Sirade WP R eRtRe e Yl e
Wi t h t he ngaget tdsidisticane Tind &hs RO Whsi Bnd-ideteribraled Chribuistor3line puneE ) deged vi ew
of a conmbustor liner used wth the conmbustor shown in_ Figure 2 taken al ong
area 3; FeRitped agd mithihatdgash oge af thediner sudtinuggef| regios ng theyhngg mpdfibelei ve
enbodi nenf_. L 4.Lnpe : i t i ne

engi ne sE‘%ﬁl\n&nﬁ’i ﬁenlloﬁlglﬁg)gﬁél?atalﬁ le;rb%:a g{egg?%{e&éﬁmgﬁﬁ%ro émeliftkﬁléglegi%‘g%ﬁo Qt he

conmbust ocombig@sr, e WeldiAg kit geaseore rdplatéhbritpabESERItATAsONNOx Kty PAAJENTI ON
Figure 1 is a schematic_ illustration of a gas turbine engine 10 including a

| ow pr es iithin the spibesterder qaeh dgterprtedyoadwsioelivs papeldespvedd, and a conbust or

16. Engine 10 also includes a high pressure turbine 18 and a | ow pressure

tur bi ne %%IE?@'EF Pfork }@THE%NAWIN%SZO are coupled by a first shaft 22,
an

and conpressor d turbi ne are

Figure 1 is schematic illustration of a gas turbine engine;
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coupl ed by a second shaft 21. In one enbodi nent, gas turbine engine 10 is a
GE90 engine commercially available from General Electric Ant i nes,
Cncinnati, Onhio. In another enbodi nent,. gas turbine engf%g%f@;el}gggg@
engine commercially available from General Electric Aircraft Engines,

C ncinnati, Chio. In operation, air flows through | ow pressure conpressor
12 and corrpresse_d air is supplied fromlow pressure conpressor 12 to high
pressure digwpedssar pdrtial Foes-sebiigal ¥ievp 8Pk RSHMdUsEE asgeﬁlbgﬁihw%ﬁg)et&ed

conbust or 18. Airflow from conbustor 16 drives turbinés 18 and 20 and
exits gas @Fﬁéssﬁbﬁﬂﬁéﬂg_leeﬁh%ugﬁlmﬁdzz| e 24. Figure 2 is a partial
cross-sectional view of a conmbustor 30. Figure 3 is an enlarged view of a
portion ofFigReBusLalenBl BRYTLOL, : usedi st h gas turbine. engine
10 shown in Figure I, and | noludes & 5{(§?%ln§§serrbe\91y .co%a*“ﬁgé)lrsﬁ?n%&?or (not
shown) extFégide 2itakeo alimparemskenbl y 32 and injects atomi zed fuel through dome
assenbly 32 into a conbustion zone 36 of conbustor 30 to form an air-fuel

m xture is.ignited downstream of the fuel jnjector -3 7 Decenber 2005
Conbust i o?@%%é‘sé%%f’se ?fg?fg&roﬁﬁ'sﬁqjiw&ﬁ]ai"‘,e“f i3 plieisgitver emhedimsat of18 i nner
suppor t i ngombeAdElirter (M0 mayheWidd RIH HEOFRYS e drofife : f—ﬁﬁp tor: liners
40 shield the outer and a?nner supporting rrer?be S fsﬁgﬁg%e eéz;f’ aglgnerat ed
wi thin copbustion zone 36 and includes an inner liner 42 and an outer

| i ner 44. 15 Mesnlargediplan yiew of thepembystordingr shaovmibdigaredul t i nugget
region 46 and a nultihole region 48. Each nultinugget region 46 extends

f r om domepaTRINBEHYDBICR A rﬁng@nmw i hole region 48. Liners 42 and
44 define conbustion zone ?yégo ustion zoir?]te 36 extends from dome
assenbly 32 downstreamto a turbine nozzle (not shown). Quter and inner
liners 44Figpee iz agebemiticciliugteatimnpif argak intrpinefenpardl0snG0dinhiadbwipredsuge a
series of 2 .. each of which for distinct portion aof conbustor

l'i ner 40..co ! .Tgsr%of ?%’ear b pé_??&“ﬁencr‘?&prﬁsﬂg}f’@d@aﬁwli’ rdcfe_%n%?tmﬁéﬁ‘?d 60 and
62, respdotiniel yhighpiessrefirbiic 18aR8la 164 FEdurdRrbihe3PeebingRlsor QUM bo! t

band 60 %%l n%r bolt band 62 are
ine 20 are coupled by a first shaft 22, and compressor 14 and turbipe ‘18 are

coupled by a second shaft 21. In one embodiment, gas turbine engine 10 is a GE90
engine comfnerciaﬂy available from General Electric Aircraft Engines, Cincinnati,
Ohio. In another embodiment, gas turbine engine 10 is a CF engine commercially
available from General Electric Aircraft Engines, Cincinnati, Ohio.

In operation, air flows through low pressure compressor 12 and compressed air is
supplied from low pressure compressor 12 to high pressure compressor 14. The
highly compressed air is delivered to combustor 16. Airflow from combustor 16
drives turbines 18 and 20 and exits gas turbine engine 10 through a nozzle 24.

. Figure 2 is a partial cross-sectional view of a combustor 30. Figure 3 is an enlarged
view of a portion of combustor 30. Combustor 30 may be used with gas turbine
engine 10 shown in Figure 1, and includes a dome assembly 32. A fuel injector (not
shown) extends into dome assembly 32 and injects atomized 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



positioned adjacent to done assenbly 32 and extend downstream from done
assenbly 32 to first panels 64 and 66, respectively. Fi rsto @glgergé 5?1nd 66
are connected downstream from bolt bands 60 and 62, respec |verfly. gch

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 include a plurality of openings 72 sized to
recei ve f &dmhhatisn Zéne 3k dbmicdugtannula Sh8RRY SutbfaitS i cand 44,
bolt bands 60 and 62, and a cowl assenbl 7% ?gﬂ dongraggg%ﬂr%gﬁéjp%@ach
conbust or TR Gt shesvr)rad cambyaion nens 40i femmbngtor dinerss, shaeld dhe eutéror

surface . Lo . . Comhustor..Li ner.syrface 80 extends
from done%g%sl@%qnbslaep %}A’Lﬁ% 0t ﬁeeﬁ)fﬁab} %8]%% nglét?r&E% iz 8?“1’)}1%@” Wefce 80
and ext er aod imindeace ifiRr laeed2 eahaeoLRe liheoe. hEachqznepwgrahgag iPahhlign 84 and
[ eatures 88

forma rear,faci edge, 86.. A plurality of air coolin

separate &t é‘l“i‘l"f{ég @oﬁ‘?ﬁﬁ’é’i’&%@‘t pegien dosmd gmultghels regipnf 4%t %ﬂds ngdtinuggktude
openi ngs M6 By tESR8E ' (Eg/ [ ai £, pl enum (;not shown)
such that&%thi n prot ecﬁgghgg%%g%r ﬁ%&’%&ﬁ?@%%&% u{%@ 8%‘°n§4|§gh
tenperature conbusti on gases and conbustor |iner surface 80. Furthernore,

openi ngs bepedPiand dédndedinei sombaptibh mgno 36c oBbmbtstion| done 3 ¢AoxteShetbhi cal | y,
88 which are forned

i 005. 90 extend. th t
e on® dfnd SRSHTL 30 AR UL Abing M, (307 S JOUEE 299 intarrey. Dy
panel s 50lindranélagd 40 cacle hﬁﬁiﬂ@%ﬁﬁlﬁfhﬁtﬁ 8f paldiyso SHRR ihagge Qg&li'esp ans
e d 1 0 | ACent

downst re:ﬁ end 100 is connected to an upstream en an a
downst r eatd: Fashee! Waich ferarredistingt partionf ofrosstbublet lime0adj acent  connect ed

panel s respective downstream and upstream ends 100 and 102. Li ner

mul t i NUOABHter iKY | | f e 92. In the exenplary
embod oy i B Ol nh e P IR b 581 S S RRL T2 Heiner Pt g on a5
i ncl udes 2 frsppamed|6dtandof6, ompaitivgly. (Oater dotiiapd 68 ahdsser bLY whdtdresaal

barrier R dfacBh'd Bbose SIS at"Shtend dodncirads 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 réspcctive first panels 64 and 66. Bolt bands. 60 and 62
include a plurality of openings 72 sized to receive fastemers 74 therethrough.
Fasteners 74 secure liners 42 and 44, bolt bands 60 and 62, and a cowl assembly 78 to

dome assembly 32.

Each combustor panel 50 includes a combustor liner surface 80, an exterior surface
82, and an overhang portion 84. Combustor finer surface 80 extends from dome
assembly 32 to the turbine nozzle. Combustor liner surface 80 and exterior surface 82
are-connected together at overhang porti'oh 84 and form a rear facing edge 86. A

plurality of air cooling features 88 separate adjacent combustor panels 50.

Air cooling features 88 include openings 90 which receive air therethrough from an
air plenura (not shown) such that a thin protective boundary of air is formed between
high temperature combustion gases and combustor liner surface 80. Furthermore,

openings 90 permit convective cooling of combustor liner 40. Specifically, openings
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Thermal barrier material further insul ates conbustor liner surface 80 from

hi gh tenperature conbustion gases. In an exenplary enbodiEfrBPé bteP%dgal
barrier coating material is conmercially available from Eng ehar

I ndustries, WImngton Mssachusetts. During operation, as atom zed 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 f oggBexertdiRoRIHOF@GHEY 88 Qﬂﬁ&@%fé’f&{neﬁiﬁetﬁéﬁn%cgﬁc%ﬁ?#%% 50! g ah

surface 80, .a variation in exposure of conbustor r su cesto

t enper at ufddallyrigwvard e nupgeted? formed sl pardo SPanBielS60 #s cannesadl t  of
sses, .0 nels 50 may becone

conti nued t hermal (str ver, tine,

deteriorat %@BSD%EGZ?% tr%ﬁcgcparngigﬁi%‘ﬁ%&r&f‘mcéd’ﬂbwg)t‘SPOP?%&F%%QSW%VM and
replaced 082 g ahhdjacomt dasudan Gahblesh. "Rueidl oMAFLfotRes etwdh! Miacent
deteriorated realons of either liner nultinugget region 46 andior |iner
nul ti hol eCYRAGFSA Panelytaspestive davnettcaamendrupsireare endssiMndH®2net hods descri bed
herein. If a field returned engi ne, such as engine 10, indicates that

combust or §} ' ' 46 i nck.ud t | t .0 det er.i or at ed
panel 50, Lgieg ?[?%lgﬁi&ggfg g(tg%g(g,f 4(63 ﬁgéllﬁgesrr% yﬁ%&oﬁéﬁ%ﬁ%t & Q[i%i FESIRIYY o
renove dembedioent, echipad@mhEls tybe rugReE ildadd tuliihsleBE0A 48 ndfiqlr € 3,

the cut is adially throu |l i ner 40 and through a panel body 104, as
i |l ust rat%HH\%ﬁﬁ%Ofﬁ’W@“ﬁ(ﬂmtéﬁ‘éﬁft hat the cut extends fromliner exterior

surface 82 to liner interior surface 80, and such that a portion 122 of

panel bodx &p4 Df0 BRARIMAD bGP Sndtétial IS TBHASI 56 Cohffls > within
conmbust or_30. Furthernore, thé3 cut is Ie>r<£?iér11ded ?ﬁroug%r%%grg@%ce ownst r eam
from det eFesmal barrisamapterisld fstlion gnydpra contbustars tione serict 80yfida highsened to

Separat e ¢ ' ‘ fromljiner A40.for renoval . Alternatively,
a second tg%? E%%Q%ﬂéﬁ&t%g%%é%% te%a%‘ﬁiaf% %‘Hg%dé{“&}lﬁ 5&%@@@%%%?%3“5@ bei ng
repl aced matuGdl tihatcogeieatially ataesilablanfibm Sengéltut CRAINMIBS aWinfigsByabl e

fromco stor. liner 40. After deteriorated panels 50 are renoved from
conbust o ASAUSCo, repl acement panel's (not shown) may be installed into
conbustor liners 42 and/or 44. The 7

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
may induce thermal stresses into panels 50. As a result of continued exposure to

thermal stresses, over time, panels 50 may become deteriorated.

Deteriorated regions of combustor liner 40 may be removed and replaced using the
methods described herein. More specifically, deteriorated regions of either liner
multinugget region 46 and/or liner multihole region 44 may be removed and replace
using the methods described herein. If a field returned engine, such as engine 10,
indicates that combustor liner multinugget region 46 includes at least one deteriorated
panel 50, a circumferential cut is made through combustor liner 40 to remove
deteriorated panels 50. More speciﬁéally, as shown in Figure 3, the cut is made
radially through liner 40 and through a panel body 104, as illustrated with line 120,
such that the cut extends from liner exterior surface 82 to liner interior surface 80, and

such that a portion 122 of panel body 104 of panel 50 being cut remains secured

5.




repl acenent panels are forned to include a nugget configuration that is

substantially identical to that portion of liner 40 belng7b@&%%%§?00§n.one
enbodi ment, at |least one of a forging, roll welded ring, or a casting is
used as a replacenent panel. The replacenent panel is then welded into
conbustor |liner 42 and/or 44, such that the replacenent panel is welded to
an exi sting panel 50 that remains secured within conbustor |iner 42 and/or

44.' Nor ewsthecédnlnatdr\30. aFithanables e it teextonied 1Rkr 0 dBRAMreaf t he
repl acenent pane| is welded to panel body portion 122 within conbustor 30.
In one enB88 ¢isTiorated pagslyp0 beiagrentamed WEpsierays 74 mayde loosened tor sspatate

repl acene L ki Ahlst4r a : odi.nent . tungsten

i nert gas?&eﬁi’%&h\&%ﬁp Eg ﬁ|%s useé%tfgg%eng lIY ?de' %ﬁ%ﬁgﬂ%ﬁ% eS%% C[%\W%"t hi n
conbust or b8madd kpstranin fibar déterioratedtpamngs tatteingalephiyd, tsnel (e daeabiaed on

repl acenment P el conbu%sor | iner surface 80, and fastener 74 is then
re-ti ght P3!S Akare sehaggted and rempxable hgreombyater lipst dBgi ne 10, indicates t hat
conmbustor liner nmultihole region 48 includes at | east one deteriorated

panel 50, AfierC HételiSraliRd Batdly Y Me GRABYS Hom !cioﬂﬂ)'ilsép lﬁ%%f]s; ggfﬁir’egybag%ﬁqgﬁti or at ed

panels 50. More specifically, as shown 1n Figure erenti al
cut is neRpReclsadion|shpwnh rmoagyivel insteHedt Gntancombusterg inarspéthehdbodyt. 14, as

il lustrat ' | 0. sugh that, the cut extends fromliner exterior
surface rggl a}f%élt‘ %l]lt 'éﬂr%:gl&]#? g’&%’egg? Hﬁ‘ﬁﬁles"uﬁ‘?\ggtehﬁ?n o {5‘6{}15 _B-‘EWW] ¥22
remai ns sidenticalkowhitioRtions O s U0 be B reflHEdd) Gh AR @mbolBnGH tat IdisCoreqitded

t hr ough I|1%er, 40 downstream from_ deteriorated panels 50 being replaced. A

second cutiorgipe.well wwelded rings onp easting isused iapareplacsgreshpagland upst ream from
deteriorated panels 50 being replaced, such that a deteriorated portion of

mul {1 ho! erteqebianyie pind GPaR IR0 SEMER) finkl £MhadolsDGMRE! 1,200

conbustor Iiner 40. Fasteners mayot hen be [ oosene 0 Separate th
det er i or aepecemsot paoel wndelded tth rngedstingepamad A6 tfat anmhing evecdt@d fwikhin enoval .

combust oromBagY Bl andt e M el Al B e PE S O 330, 1 n
one enbodbdpof theatpla€atént panel is welded to panel body portion 122 within combustor
30. In one embodiment, electron beam, EB, welding is used to secure the
replacement panel within combustor 30. In another embodiment, tungsten inert gas,
TIG, welding is used to secure the replacement panel within combustor 30. Thermal
barrier coating material may then be applied on replacement panel combustor liner

surface 80, and fastener 74 is then re-tightened.

If a field returned engine, such as engine 10, indicates that combustor liner multihole
region 48 includes at least one deteriorated panel 50, a cut is made through combustor
liner 40 to remove deteriorated panels 50. More specifically, as shown in Figure 3,
the circumferential cut is made radially through liner 40 and through a panel body
104, as illustrated with line 120, such that the cut extends from liner exterior surface
82 to liner surface 80, and such that panel body portion 122 remains secured within
combustor 30. Furthermore, the cut is extended through liner 40 downstream from
deteriorated panels 50 being replaced. A second cut may then be made within
muliihole region 48 and upstream from deteriorated panels 50 being replaced, such

that a deteriorated portion of multihole region 48 is separated and removable from



one of a forging, roll welded ring, a casting, or a sheet netal panel is

manuf actured and used as a repl acenent panel. The nultiho regio
openings may be forned after the replacenent panel is attjﬁ)ﬁ e(‘fﬂf“fr%ggﬁe
enbodi ment, the openings are forned with a |aser process. |In another
enbodi ment, the openings are forned using an electron discharge nmachi ning,
EDM process. In yet another enbodinent, the newy forned openings nmay be

si zed di f feondistoy lineredllic Edsterrs 74 npgsthéh 0886bschel fRgdphiatfiR dIREANIRY

cool i ng of Conb%%lt or. 30. The_re%ﬁcemsnt anel is then welded to an
exi'sting pEALen & mylinugestEgion Wdkomdmer ¢y foriramevalbust or 30. More
specifically, a downstream side (not shown) of a body of the replacenent
panel is vekdaart : ' Pl or ] one
enbodi nent, el ece:ﬂra(r)ég@d]bggrr%g&g%f, Iﬂ\ifi\r/en{lhg&rr:fg él%é 41?3%% r?ngigéeﬁg%§e ctoﬁn}%fgteoﬁlr} cBnent
panel  wi tréilacesembpsnadmghe instabebirte combbsidi ARntn ohelB@bbEMdmektlegds, TI G

wel di ng i%ne%%% tQ secHre e.repl acenent p§{16| wi t hi n_conbust or 30.

Ther mal barrier kr?ﬁl%g’irg W‘ﬂ%‘%& et $EULE AT IEhmet) pand e manyfacdred
combust or ahd nesd & FphReBbnt FRRAAYR 31 e, | usi ng
t he met hod descri b.ede@hetreei n,pﬁﬁconbﬁgggéig&%géggélgg?éedtl%r%a t%f({srgrﬁ\c}iaa?%gusi ng a
r epl acene#ie jsplseement pang! is aftached: dnope embodinvend, thavpenssiane foampedrvigon t o
renovi ng Ci .recombustor liners 40. Furthernore, because
the repl ag%grre ?’%%heﬁlgmg%&f%%br?@gn?% glbe QPBUREE e Aorged pag a0 gleckon

ori gi nal | dischesgaiiaciinivgnEDM,5 Brocasy qﬁg:w%m&%ﬁ%m@&@@%ﬂ?%ﬂﬁwr

performance are not adversely inpacted by the replacenent panéls. Figure 4
i s an enl SPYERESIPE be sized idb&f??iFnﬂsYb &ofused.ofr 1stnasitivaed. e feeilbibdé mmptovidg an

i nner  CogdIRLQT chinBidtof Y that may be used with gas turbine engine 10
(shown in Figure 1). Figure 5 is an enlarged plan view of combustor |iner

140. Liner 140 is substantially simlar to liner 40 (shown in Figures 2
and 3), ahke replacement pasgl Wi thioh rweddeclotwbars txistifg panel sitota) rentdiss savubedst or

i ncl udes g hner that .inel udes annul ar, i nner, | iner 7 Decepber
2005 140_%@%@?\’%@ 3 %‘F&_ﬁpﬁﬁ%ﬁﬁ%ﬁ?wﬁmﬁa Slfiﬁg‘fo_t FEOW&%@O yof
subst ant ithé ngpladericha phnel iPweldod &5 Féﬂdﬂ%dﬂﬂ:@rﬁdnnm withid@oniftitdr ). URES @
plurality of H;ﬁ)arg[el s 150 which include_a . :
one embodiment, electron beam, EB, welding is used to secure the replacement panel
within combustor 30. In another embodiment, tungsten inert gas, TIG, welding is
used to secure the replacement panel within combustor 30. Thermal barrier material

may then be applied on replacement panel combustor liner surface 80.

Because detetiorated liners are replaced using the method described herein,
combustors 30 are returned fo service using a replacement process that facilitates
improved savings in comparison to removing and replacing entire combustor liners
40. Furthermore, because the replacement panels are formed to be substantially -
identical to originally installed panels 50, aerodynamic performance and combustor

performance are not adversely impacted by the replacement panels.

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

- combustor liner 140 that may be used with gas turbine engine 10 (shown in Figure 1).
Figure 5 is an enlarged plan view of combustor liner 140. Liner 140 is substantially
similar to liner 40 (shown in Figures 2 and 3), and is installed within a combustor (not

shown). The combustor includes a combustor liner that includes annular inner liner
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series of steps 152, each of which forma distinct portion of combustor

| iner 140. Panels 150 are connected serially. Inner |iner %f)oecé&?c)l ﬁg a
bolt band 160 and a first panel. 164. Inner bolt band 160. "I'S"C %g d to a

donme assenbly (not shown) and extends downstream fromthe donme assenbly to
fast panels 164. First panel 164 and panels 150 are connected serially
downstream from bolt band 160, such that each adjacent downstream panel

150 i s nuridOrand seaumiv:icatdrineAGRs ghon) Yhatds SafiRdGubfanelilyl§ildy gonnect ed
downstream fr mfirit panel 164, and a third panel 170 is "connected
downst r eate dies d46n dngsadwer 148 ingudes »phwalits of paesleds8 whiph indudety of

openi ngs L&2.SifZea 19 I, | %{gg . Aown:. i nCFigure 2) for securing
liner 140 to thg&(sj(%r?}%’ eg‘ghg!éﬁ@’ﬁ ac%dgsglégttéo?g?nvﬁacﬁgfbufg’ﬁlilpﬁrcH?des a
conmbustor liner surface 180, an exterior surface 182, and an overhang

portion 1&anclChhih) astwnnddteteserinlly.f hoer LB BIOtiaclddesl4 ot barl 14004R! asenbly to
surface 182

the turbine l e, Co tor Jiner surface 180 and exterior

are conne@?léegoltzﬁégem@’? gﬁ#ﬁ@\?@r hi§ gpledote 4 slamsrapsersbly ot shewnhairdg  edge
186. A pl exidhdd Jowodsti@hh le ' stor
panel s 150. A rO cool i ngﬂ%?lggét}?)gg@%g&hﬁﬁlc%ﬁﬁseﬁ%ﬁ%%gkgl ?@ﬁ%&%%@?\%ﬁs 190
whi ch reckBtgds 459 are pennscted cerjhlly downsineam fropd boliirhafd dt60s lvavinhas wadh t hat a

combubt | or Btk SRR slel P i By B ea ol cheRrdiGEb a8l known

as di | uti paneb168iingsniettdeddvantrehal BBt Pael 361S a6E 2 thBE RRE §7¢ & 1 Or
surface 182 to facilitate cooling of the conbustor gases. Additi onal

openi ngs AaMectgd dapmstecampfpmrsgeorns! panel 468.c Balttband 6h inchedes muplyedityl 6. ‘
Specific ; ' : fealure 8_whi.ch,.ar e, forned
bet ween Zéa% eﬁ%négﬁ ? ggg nuegﬁ 20 k%éﬁ’%an lL}gtlerrge 9‘? g%?)g‘ﬂ @qflﬁ"{\ﬁg?& Jfgrr iviring Jaers4Ps

f or med bylogbsddme 2a§@mblypre specifically, each panel 150 includes an
upstream end 200, a downstream end 202, and a body 204 extending

donnst 1 ol 490500r BE0 S0 ErelHE § oy i OEHRe S0 restgmcadpeibent
SSﬁQFL " edl82panélan 1hRrhablb Goehich 182 aATEnhidrethed @hMERN 1 §9 2R floaPfRCt ed
dome assembly to the turbine nozzle. Combustor liner surface 180 and exterior
surface 182 are connected together at overhang portion 184 and form a rear facing
edge 186. A plurality of air cooling features 188 separate adjacent combustor panels

150.

A1r cooling features 188 include a plurality of openings 190 which receive air
therethrough from an air plenum (not shown) such that a thin protective boundary of
- air is formed between high tempetature combustion gases and combustor liner surface
180. Openings 190 are known as dilution openings and extend between liner surface -
180 and exterior surface 182 to facilitate cooling of the combustor gases. Additional
openings 194, known as cooling holes, extend through each nugget 152. Specifically,
~ openings 194 extend through features 188 which are formed between adjacent panels
150 and are radially inward from nuggets 152 formed by panels 150. More
specifically, each panel 150 includes an upstream end 200, a downstream end 202, and
a body 204 extending therebetween. Panels 150 are connected serially, such that each
panel downstream end 202 is connected to an upstream end 200 of an adjacent

downstream panel 150. Nuggets 152 are formed between adjacent connected panels

-8-



-8 7 Decenber 2005 respective downstream and upstream ends 202 and 200.

Nuggets 152 are known as super slot nuggets. In the exenp ?];Té? raent
|l iner 140 includes six nuggets 152. In an alternative enbojélﬁrﬁcéen ) gg?ger

of thermal barrier material (not shown) is applied on conbustor |iner
surface 180, and insul ates conbustor liner surface 180 from high
t enper.at ure conbusti on gases. Deteriorated regi ons of conbustor |iner 140

may be r erspeadiveddwis@éaacasd upiRan §Rs 2020he980 deNGEIdRe fs 8k &nBwnlak @ fiel d
returned engine, such as engine 10, indicates that "conbustor |iner 140

i ncl udes 84per gaspuggsis. de the dxemplasyl emhodiment diperl 4} includésesientgeats 150t i s
made t hrough conbustor liner 140 to renove deteriorated panels 150. Mre

specifica ' | ayr t t i de radial ly .through Iiner
190 and - Thin SeipttoibhgH’ 8 fyer off phithal SoPh Tt Je? skl Fnat < ne
cut ext enajsplied am tombustorelidics rsueface 184, amd hSAated cbinbasios Unér&aRMESQ80! N one
enbodi neny,, Is made between third panel 170 and a fourth panel

jﬁ the‘bcut i
222. Furt Femdigtenipsptagcombugiansgfgesd t hrough |iner 140 downstream from
deteriorated panels 50 being replaced. After deteriorated portions |iner

140 are rp r : t ) may be
st al ey o e 18Biohs 81 CORBUSH finer140 T O KRR ved AR Rp B NE) CF
forgi ng, ethpdywdsddbed hergin. df g fistd mipmairengirehaeh asengine daniedicates that

manuf act u duse -~ a replacenen ane] .. The repl acenent nel is then
wel ded in Oglgoélgﬁwg?ro&qaslinﬁ Csl%d?asgﬂ’%&?tﬁé ra#teﬁé’an‘?ele[aﬁa% e ﬁal cuf s wel ded
to an exiistrhad Medgth dGALIAH AQNBIR FREMWCEetWidhich Jdiels PRTDURIRL. Mre

specifically, a downstreamend (not shown) of the replacement panel is
vel ded t Spasiieallys s oyaniel Figew 4ubh cuhis madeuadjelly tBpugls liner il adt ween

t he replt%g I ag_di ' 1 | ment .. elegtrqon beam EB,
welding is gggifimggagg%’ur ellt ﬁee(%'dep aélél%%?’nsglgﬁéﬁ)a?%etﬁtﬁx%g%ﬁglflgwefi ner
140. 1 n zattrieesurfeeat 88 itortingr, sutfaog 5808 Mnione embgdiuenT the cwas fiadgbétscetsed to
secure t epl n anel i thin conbustor |iner 14Q. Thermal barrier
nat eri al %&@pﬁ@i’?@%ﬁ%@:@@@ﬁ §22. Furt%ennore’, the cut is extended through liner

140 downstream from deteriorated panels 50 being replaced.

After deteriorated portions liner 140 are removed from the combustor, a replacement
panel (not shown) may be installed into combustor liner 140. In one embodiment, at
least one of a forging, roll welded ring, a casting, or a sheet metal panel is

manufactured and used as a replacement panel.

_ The replacement panel is then welded into combustor liner 140, such that the
replacement panel is welded to an existing panel 150 that remains secured within the
combustor. 'More specifically, a downstream end (not shown) of the replacement
panel is welded to ‘an existing panel 150 such that a nugget 152 is formed between the
replacement panel and panel 150. In one embodiment, electron beam, EB, welding is
used to secure the replacement panel within combustor liner 140. In another
embodiment, tungsten inert gas, TIG, welding is used to secure the replacement panel
within combustor liner 140. Thermal barrier material may then be applied on

replacement panel combustor liner surface 180.

The above-described combustor liner replacement method stator assembly is cost-

effective and highly reliable. The method includes the steps of removing deteriorated
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repl acenent panel conbustor liner surface 180. The above-descri bed
conbustor liner replacenent nethod stator assenbly is costs %% n?&tr Msand
Hi ghly reliable. The method includes the steps of renoving g eriorated -9
7 Decenber 2005 panels fromthe conbustor |iner, such that the deteriorated
panels may be replaced wth replacenent panels. In one enbodi nent, the
deteriorated panels are rempved by cutting through the body of the panel,

and repl apems fropadel condetor RRr, WakK eBhtt@e td%%nopé?&i’ giel dé’ﬁ{&ﬁltb% (‘@ﬂla%@d remain

attached -wi.thin the conbustor. I'n an alternative
det eri or atd rﬁﬁh@?@ﬂﬁﬁ’én?lénﬁk/@w qwb@mﬁﬂtn Qletdﬂteju:gﬁedt pansdyare resiowabby eam

fromthe i I nel arethen |ded to the
exi sting gﬁ@ tfsﬂﬁ%ﬁﬁhai g nug %nefsa“? % %& eﬁ F’éb‘f !{i{/\% € panel
and the bodsbof ngmpanehichArnail efisdied withRt! h@dcbﬁb@gt&w Ctﬁdaﬂ’\’@jltg[% ghabl es
deteri orat eg conbu&@ofl%{l i,ner panel s to be renoved and repl ace

cost - ef f eEPPOIMKAY pligatedppanels aggirp@ovede bynoetting othrdveb bemug@tescn bed
in terms @wyMHhQUS [ led {n th Wil |
recogni ze that the ?lﬁl\e@%tdﬁfgﬁogdggréo ]gén%g%l?trfaefaggﬁ%tﬁ&%&f‘? thf&t W %ﬂe‘{/\}"[ hin the
spirit anﬂle%lﬁpagpﬁndllseclnlhal aBuggel 3 férrhat betheen #RAGpIRARISR bhsel af@$hel Ur bi ne
Engi ne Low.Pr essur g Conmp H gh Pressure Corrpressor nmbust or Hi gh

ress
Pressure ef{d?tﬁjlgnganﬁ_owAﬁr Bs'SHY ciE FUpsthae iscpiwilgdswaioh enables deteriorated

combustor liner panels to be removed and replaced in a cost-effective and reliable

manner.

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

modification within the spirit and scope of the claims.
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-11-




Nugget s Panel Downstream End Panel
Li ne/ Cut Panel

140
150
152
160
164
168
170
172
180
182
184
186
188
190
192
194
200
202
204
220
222

Upstream End Panel
Body Portion -11 7 Decenber 2005 140 150
169 170 172 180 182 184 186 188 190 192 194 200

Inner Combustor Liner

Panels

Steps

Bolt Band

First Panel

Second Panel

Third Panel

Openings

Combustor Liner Surface
Exterior Surface
Overhang Portion

Rear Facing Edge

Air Cooling Features
Openings

Nugget

Openings

Panel Upstream End
Panel Downstream End
Body

Cut/Line

Fourth Panel

~12-

Body Layer

7 Bafiggqes



220 222 Inner Conmbustor Liner Panels Steps Bolt Band First Panel

Second Panel Third Panel Openings Conbustor Liner Surfagfecdniethbey
Surface Overhang Portion Rear Facing Edge Air Cooling Features eni ngs
Nugget Openings Panel Upstream End Panel Downstream End Body Cut/Line
Fourth Panel -7 Decenber 2005 CLAIM5S 1. A nethod for replacing a gas turbine
engi ne conbustor |iner panel, the cQiiAIM®r having a conbustion zone
formed by inner and outer liners, the inner and outer liners each

ng: :nggn?]eg% Eﬁééoec? foorfreﬁﬁ&%!g% %rs]dtm%irg)el gﬁgairllé E:gmglistcgrol?llelr I;:g:nf]:cl,e t teucro?n ’usttoP ©
having a combustion zone formed by inner and outer liners, the inner and outer liners
each including a series of panels and a plurality of cooling features, the cooling features
formed by overhanging portions of the inner and outer liner panels, the cooling features
between adjacent panels, a plurality of the panels including cooling nuggets, said

method comprising the steps of:

cutting through at least one panel nugget to remove at least one panel from the

combustor; and

installing at least one replacement panel into the combustor such that the series of

panels are arranged in steps relative to one another.

2. A method in accordance with claim 1 wherein each panel includes an upstream
end, a downstream end, and a body extending therebetween, said step of cutting
through at least one panel nugget further comprising the step of cutting radially

through at least one of a panel upstream end and a panel downstream end.

3. A method in accordance with claim 1 wherein said step of installing at least one
replacement panel further comprises the step of welding a replacement panel to an

existing panel secured within the combustor.

4. A method in accordance with claim 1 wherein each panel includes an upstream end,
a downstream end, and a body extending therebetween, each nugget formed between
- adjacent panels, said step of cutting through at least one panel nugget, further

comprising cutting between adjacent panels.

5. A method in accordance with claim 1 wherein said step of installing at least one
replacement panel further comprises the step of welding a downstream end of each
replacement panel to at least one end of a respective panel secured within the

combustor.

6. A method in accordance with claim 1 wherein each panel includes an inner surface

and an outer surface, said method further comprising the step of applying thermal
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formed by overhanging portions of the inner and outer l|iner panels, the
cooling features between adjacent panels, a plurality of 4hg. b&os
i ncl udi ng cooling nuggets, said nethod conprising the steps of: cuttlng
through at | east one panel nugget to renove at | east one panel fromthe
conbustor; and installing at |east one replacenent panel into the conbustor
such thatbdrfier aRtdrab t®fthe paRelsarfade ofchic efthckes! FRR] bhdicl \Withia @ee
another. 2. A nethod in accordance with claim1 wherein each panel includes
an upstreeambustid, a downstream end, and a body extending therebetween, said
step of cutting through at |east one panel nugget further conprising the

t f tti iallyy . th h | t f | t d d
2 panel dbvngitadhftefeetantd iR B s abusPEEngev i Bre ErsRhe RAEPE! n <l d
step of igshilstdrNthedborhiRARdr RS ﬁl%Bhﬁ‘ﬁ@tﬁ'&PEorfé%%efi t BHeInnEP IRE gﬁﬁ:? the

step of welding a replacenent panel to an existing panel secured wthin
t he conmbulinayy thedinnér arelt buter lineracmol dmciodingiat deriek af Paiclufaad & pluedith opanel

i ncludes an uPstream end, a _downstream end, and a body extending

t her ebet vitiEEEtSe inygastretormed tydadiacen @ancladsaid arathqh sanprisiag;the stepp of
cutting thyough at | east one panel nugget, further conprising cutting
bet ween adj acent panels. 5. A nmethod in accordance with claim 1 wherein
said step of installing at | east one replacenent panel further conprises

the step afttingehetved a cinmaiiesmdandndr sedad of aERhaGATEREr fhaBBlugget; at | east
one end of a respective panel secured within the conbustor. 6. A nmethod in
accordance with claim 1l wherein each panel includes an inner surface and

an outer @mmra%gﬂeaﬁioﬂe fd) Qljabétft lah QFeaGTRIRY Tiskk & b step of applying
thermal -13 7 cenber 2005 barrier material to the i nner surface of each

repl acenent panel attached within the conbustor.
installing a replacement panel into the combustor to replace each panel removed from

the combustor.

8. A method in accordance with claim 7 wherein the combustor further includes an
upstream end and a downstream end, a first panel coupled to the combustor upstream
end with a bolt band, said step of cufting between an outer surface and an inner
surface further comprising the step of cutting through a nugget formed between the

third and fourth panels extending downstream from the bolt band.

9. A method in accordance with claim 8 wherein said step of installing a replacement
panel further comprises the step of welding each replacement panel to respective
existing panels secured within the combustor such that a nugget is formed between each ‘

respective replacement panel and existing panel.
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7. A method for replacing a portion of a conbustor liner wthin a gas
turbi ne engine conbustor, the conbustor having a conbustipp, rheggred by
an inner and outer liner, the inner and outer liners each including a
series of panels and a plurality of nuggets, the nuggets fornmed by
adj acent panels, said nethod conprising the steps of cutting between an
out er suriacemztithdan accoréancs wifhadainof vdterdie asitl sepeoflinsiditing aneplacengget ;
renovi ng at ll?@ﬁ{ one panel adg' a n area of the |liner cut; and

€

cent
nstal |1 niepsl FEHieR RSy obtep fiove g SR sIcemsnt gRtel e waRssiganel
renoved féx@gghg#,gﬁelggggg@t‘ﬁ in the BAnikPpd i n accordance with claim7 wherein

the conmbustor “further 1 ncludes an upstreamend and a downstream end, a
first panel coupled to the conbustor upstream end with a bolt band, said
step of clittAngethotwae rcemdange ewitls wldiac d Oantiemin isaide step soff fambding wathher

conprising the ste f.cutting through a t formed between the third
and fourt plﬁ‘_é%‘?“i pg?%eﬁl‘&‘h{ﬁrgc‘ﬂﬂvm ﬁﬁ%ﬁ‘ﬁ) r‘glr:’igglﬁg’gb%lpf’ftﬁ’é'n‘d{ ag¢ qia-»?emﬁlhod in
accor danGfn¥l hileget ab M GedpROIRI Portidh tarsS bRRHAS ol ﬁ‘ﬁé%eﬂge&ué@%ﬁﬁ?ffﬁé‘t
panel further conprises the step of welding €ach replacenent panel to

respect i vombastiost i ng panel s secured within the conbustor such that a nugget
is formed between each respective replacenent panel and existing panel. 7

Decenber 200 - i N accordan ith claim7 wherein sajd step of
Tnata 1 g &% ol it o F HRer Tl r St ol 86 ot Blindhg Bach
r epl acemahémpbngiterid) tb 45 s \Sarfa®X b Eadhgre@i?d&@ﬂnénﬁ%ﬁél' afladied Riikhih ke
conbustor. 11. A nethod in accordance with claim 10 wherein said step of

wel di ng eqaWustpepl acenent panel further conprises the step of welding a
portion of a replacenent panel nugget to a respective portion an existing

panel nugge 1.4, 0 | R A8S ce with
claim?7 ?lg’r %‘h@r g%%r%%ﬁ%&%%%%%%@@gg%%%%Bblétt e%ﬁég aﬁn%terllg%%?% t he
i nner surthbe Gigimacimheprdedoding apanehlaplihaGhelddivetaindltinogget region, a

multihole region, and an inner surface, the liner including a plurality of nuggets, the

multihole region extending downstream from the multinugget region, said method

comprising the steps of:

cutting through at least one nugget downstream from the at least one deteriorated
combustor liner panel to be replaced and within at least one of the liner multinugget

region and the liner multihole region;
removing the at least one deteriorated combustor liner panel from the combustor; and

welding at least one replacement panel to at least one existing panel within the

combustor for each deteriorated combustor liner panel removed.

- 14. A method in accordance with claim 13 wherein said step of welding at least one
replacement liner further comprises the step of using at least one of an EB welding
process, a TIG welding process, and a TIB welding process to secure each replacement

panel to each respective existing panel within the combustor.

15. A method in accordance with claim 14 wherein each panel includes an upstream

end, a downstream end, and a body extending therebetween, said step of cutting through
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conmbustor. 13. A nethod for replacing at | east one deteriorated conmbustor
l'iner panel within a gas turbine engine conbustor includipg, lﬂ?@ﬂb?r
liner including a nultinugget region, a multihole region, and an inner
surface, the liner including a plurality of nuggets, the nmultihole region
ext endi ng downstream fromthe nul ti nugget region, said nmethod conprising
t he st epsatdéasentiggen durther comprisds thessp odrattinggheinghl @uwaatlrgef wilintthe at

| east one.deteriorated A conbustor liner panel to be replaced and within at
| east oneliRFf MUESLHIRSIAMY ti nugget region and the liner multihol e region;
renoving the at | east one deteriorated conbustor |iner panel fromthe
conmbust or N r 3 . e

exi sting gg%g§m§§¥ﬁyhﬁ?ﬁ§mh§§§%33?§?lfﬁ&ﬂ%ﬁ%ﬁ@%gf r|LFg?§%£€%ﬁ%§§£%$ I i ner
panel renmmnded downstreamnadhand 4 bodyoxtendapcthensbétiveen, ahichskd offvattmignhwagld st ep
of welding,at, |east on replacenent |jiner. further c rises the step of
usi ng at ‘Tqé?;tas“‘:f Ofi Bugget frthep comprisssfhe sicp of Qutting t%{(@gﬁgq}? faglgonsy gdkek2 and a
TI B wel diggelpr ocess to secure each replacement panel to each respective
exi sting ‘panel within the conmbustor. 15. A nethod in accordance with claim
14 wherein each panel includes an upstream end, a downstream end, and a
body ext eifdiAgnathed obecssedance seithdcleme gdofurthet comgrising dlug ktep 16 apphesgnber

ugget wilbo ! BHARE it R TR sbiER. 8 Gk e tinehlbmnsl el dnBndnte

wi th cl aigsinbfistoper ei n each panel includes an upstream end, a downstream
end, and a body extendi ng therebetween, said step of cutting through at

| east one nugget further conprises the step of cutting through at | east one
end of a panel. 17. A nethod in accordance with claim 14 further
conprising the step of applying thermal barrier material to the inner
surface of each replacenent panel welded into the
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conbustor. 7 Decenber 2005 METHODS FOR REPLACI NG COVBUSTOR LI NER PANELS

ABSTRACT OF THE DI SCLOSURE A repl acenent nethod facilitat %ﬂeg%%gba& of a
portion of a nuggeted combustor liner (40) within a gas turbine engine
conmbustor (30) in a cost-effective and reliable nanner. The conbustor

i ncl udes a conbustion zone (36) that is defined by an inner and an outer
liner (42, 44). mg j.nner _and outer |liners each include a series of panels
(50) and a pl ur aMEVHODSFGEREPLACING 6iGMBUSTQRILEVER{PAMEESS. The net hod
includes the steps of cutting between an outer surface (82) and an inner
surface (80) of at |least one liner panel through at |east one nugget,
renovi ng at | east one panel that is adjacent the area of the liner that
was cut, and installing a replacenent panel into the conbustor for each

panel t hatARRERAETFNETHE BISGIIGSGRBbUSt or . Figure 2

A replacement method facilitates replacing of a portion of a nuggeted combustor finer
(40) within a gas turbine engine combustor (30) in a cost-effective and reliable
manner. The combustor includes a combustion zone (36) that is defined by an inner
and an outer liner (42, 44). The inner and outer liners each include a series of panels
(50) and a plurality of nuggets (92) formed by adjacent panels. The method includes
the steps of cutting between an outer surface (82) and an inner surface (80) of at least
one liner panel through at least one nugget, removing at least one panel that is
adjacent the area of the liner that was cut, and installing a replacement panel into the

combustor for each panel that was removed from the combustor.

Figure 2
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