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, témprsiiust swellnay proaftcing vesefhough ot propeluslairciafit @0flighy owith hi n such
panel s t8 enabl.e pat rhhes to b%.a t ached. Iﬂls ch cases, repair of -1
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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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 ;

| nat al 11 igitures Gitied BivoREasies Poios: ohBedaibasd over Baseaghdledhe bediPEpane!
removed T piRed BaweSHTRH SRl panes. A plurality of the pancls 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.



7 Decenber 2005 In another aspect of the invention, a nethod is used to
replace at | east one deteriorated conbustor |iner panel w_thin as

turbi ne engi ne conbustor that includes an annular |iner iﬂcp%‘@inﬁﬂ' 05

mul ti nugget region, a nulithole region, and an inner surface, the |Iliner
including a plurality of nuggets, the nmultihole region extendi ng downstream
from the nmultinugget region. The nethod includes the steps of cutting
through at | east one nugget downstreamfromthe at | east one deteriorated
conbust ofdn nether gspevélof the ipwentioapt medwdas usadi to emacet at|lesgs onwodepteridratedhe | i ner

| ti t ' d.the .li Ltihol ion, ing the at |east
one. det e BP ATl es et Fhin g (iR i srshist sl IS AT i g a
| east onginke ploheRAE BtmiAEneLedt Gedibon] 8 3edlitROIe ro%ios] hi aRARMdr surfatd)i thet he

conbustor_ for each deteriorated conbustor |iner panel renoved. BRI EF

DESCRI PTliorr oelufie oRiavlNwso! epggsts the multibelsspmion extending downstgamdfony gas

t ur bi ne gngi ne; cenb 2005 Fi.gur [s.a [t ClrOSS-.S i opal view
of a cont(%)liljeg Bﬁingé%eg% g’/nﬁ?llé mﬁtgl?d t%lgcthllfgegihe \?Mw?%gf[aﬁuethgééhr ?8 ?tnlggstér?gllgne shown
i n Fi gur @ugget kioglikieeath iffondRhe at a@Edny iderriofated EaIBWSIrONindri iRkl usdd with

t he conbustor shown in Figure 2 taken along area 3; Figure 4 is an
enl ar ged replapsd a8¢ stithghat leqst one of thedingr muvtinepdiaesion gaf tnlingmytibelenbust or

e SR Dok SR SRR R T e 0,

DETAI LEDcbinbastbi) Bh@Weliing HE 1daAVENT tepicbmgntriRindl foSatdese bAdRKisting Iphaedt r at i on
of a gas turbine engine 10 including a | ow pressure conpressor 12, a high
pr essur e Vibiphe sempuster foneash sletegatniask @mbpstor Engyipael remgyels i ncl udes a hi gh
pressure turbine 18 and a | ow pressure turbine 20. Conpressor 12 and

tur bi ne il 22, and conpressor 14 and turbine
18 are ?%&%F? by aﬂstt)alg)(g)n}gﬂsiﬁaww Sn one enbodi nent, gas turbine engine
10 is a GE90 engine comercially available from General Electric Aircraft
Engi nes, Figurel ivahématic@lugiratibn ofin ghdarbiendgilieent , . gas turbine engi ne 10
is a CF engine commercially
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avai |l abl e from General Electric Aircraft Engines, GCncinnati, Chio. In
operation, air flows through | ow pressure conpressor 12 an-gD%gém&%%j air
is supplied froml|ow pressure conpressor 12 to high pressure conpiessor

14. The highly conpressed air is delivered to conbustor 16. Airflow from
conmbustor 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
conbust or 3gureR fur parfiall @ofrseetidral §RSy of h @Onbhs@r REEHbANLA! naf HaUsEer 30.
Conmbust or _3 %Ey be pysed with gas, turbine engine 10 shown in"Figure 1, and
i ncl udes &% 233 Bepupe yngipe shownja Figgipdet or (not  shown) extends into dome
assenbly 32 and injects atom zed fuel through donme assenbly 32 into a
conbust i OIFi&ARRG ;36 F ir=fuel mxture, that is

i gni t ed doy\%‘gt ?elggng%ﬂafc‘ e g%ﬁ{fiaﬁﬁ%&%{og-@eg%c@%g}e ?W@%ﬂ%?%n zone
36 is forkigrdy takenalleng areadi al |y outer and radially inner supporting
menbers (not shown) and conmbustor liners 40. Conbustor liners 40 shield the
outer ang.j .supporting nenbers fromthe he generated within

conbust i oﬁ’léz‘%%? aﬁa‘?{ﬁmﬁ CERYESCAionpn iepv 1of Aty aliornalite smbediment jofer 44,
Each | i necoBusanrdintbs that nidy bl | gl | ! Q3 46 and a
mul ti hol e regi on 48. Eachgrmlufg?dnvljggg%é élﬁ;g%&?ﬁ%% %g’mgf%lgﬁgglgﬁggfn%egoa%g assenbl y
32 downstpreamio each nmultihole region 48. Liners 42 and 44 define

conmbust i oht i endsggesl len yievoefithe g@anbysteriiner shown indfigeredssenbl y 32
downstreamto a turbine nozzle (not shown). Quter and inner liners 44 and
42 each ipgude ' Ajfe fch include a series of steps
52, each of m%%?%?%ﬁgpﬂpgﬂ)ﬁct pmgrﬁgwconbustor | iner 40. Quter
liner 44 and inner |liner 42 each include a bolt band 60 and 62, :
respect i VAEYre lais@ schematicsliugzation of4 gan dubhi,enpre@dhiluding a 16Wigessh@l t band

60 and i angd. 62 are osi tion adj acent to done assenbly 32 and

ext end d(r)%(gfE &rg%gﬁl?’r%rgﬁgg%Su%s@m?%;‘)‘ég‘?’ta&(yfar F‘H‘nblﬁéﬁiellﬁs E‘E‘%ﬁ’ldo@@?‘;

respect i vetlydedd high ppaset subtheaRthndG laﬁﬁareé?sﬂf%ﬂiiﬁéiz@.o%ﬁ%fe%%}‘ ]Ig(') £ bol t
ane

bands 60 t@rg)d 62 respectively. Each adjacent downstream I'S
iife AP 388 Icoupled, by 4 Fayt shafiold andnednspregsonid @6l tarkine 18 are

coupled by a second shaft 21. In one embodiment, gas turbine engine 10 is a GE90

nunber ed

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



connected downstream from respective first panels 64 and 66. Bolt bands 60

and 62 include a plurality of openings 72 sized to receiv asten 74
t heret hrough. Fasteners 74 secure liners 42 and 44, bolt ﬁgﬁ’ esm%ﬁngﬁ% 62,
50

and a cow assenbly 78 to dome assenbly 32. Each conbustor pane
I ncludes a conbustor liner surface 80, an exterior surface 82, and an
overhang portion 84. Conbustor liner surface 80 extends from done assenbly

32 to the Gambhistien peEZ3Geis fG@MEALS Bnular NaRIaBY bﬁ@ﬁ&&%ﬁﬂ? it %ﬁé&?ﬁ@” face
82 are -con ectfd t oget her at overhang portion 84 and form a rear Tacing
edge 86. . MEmbarg(not shawprandicombysior HgerS il (FambiB®r dimpwrdi shicldjtizc euter

conbust or | ' eat ures 88 include openi ngs 90 I ch
recei ve aia{r%at eer?estﬁﬁ‘?ooug% nfe?%dﬁﬁ;%o;nalﬂ}eu%ﬁag lgﬁ?ﬁr?tﬁ(gtw@r‘fb\ﬁﬁ‘?g&}%ﬁ‘ %Wﬁ}tqga thin
pr ot ect i vendahties yndhneilined 42 fid sRuetineen. BidNid-eAPRRAUIS a6QNRRUSt | on
gases andag(gé)n%tﬁ? or liner surface 80. Furthernore, openings 90 permt

convectiv § 2o tegion daeandspmuliiholq fegtonl 48, Eegle miuligmigga: 7
Decenber 200M et Rhot i re formed betyeen

adj acent panel s 50 angﬂ) rggﬁﬁgl f@% gg\fvﬁ%ﬁ%}éggﬁm@ﬁpgﬁﬁ%ﬁn * panel s
50. Panel s 50 are connected serially, such that each panel downstream end

100 i s cohitest ¢Y and 4dndafinst somatmstionl zoA® 360f Cambadjoacant Jowasidesmpanel
50. Nugge r.g.f d bet ween adj acent onnect ed panel s respective
downst reazrlnéné‘%cz‘i15 %p‘)‘_‘?%llf ggﬁf’éﬂﬁ c%dn%g’h%‘?.“q_z? e&ohﬁm"i’rﬁug@éﬁf ragilBper4e
i nct udes finqab ti ahil ug cah iendRLSpIARt) B PARICKCHRIA HoIETR G IF iegfs €91 ON 46
includes three nuggets 92. Liner nultihole region 48 includes a urality
of openi eﬁ‘ﬁb‘i’f‘é']%%ma\dlls&@&émom affcontbustonlinds4r i er material is applied
on:conbustor |iner surface 80. Thermal barrier material further insulates
conbust orQhfePBhersMr @G 8 ' ofpustion.gases., In an
exenpl ary enbod?rment , q{‘iﬁﬁlﬁ%{%&}lﬁ@gh@%%{%ﬁ%gﬁﬁq é‘?ﬁ? TPPe %ﬁ%ra&fial |y
avai | abl e firsb paeh §Heindrdo, rexgectivelye SOud Ibalttghd 60 alH S6RE Heset4nd. 62DME | NG
ober at | Ohostlibnd UG 18 onke” sty 59 and QS HSmms oo oo ot
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
include a plurality of openings 72 sized to receive fasteners 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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heat is generated within zone 36. Although air enters conbustion zone 36

through cooling features 88 and forns a thin protective bpﬁg&%% Q(f) Air
al ong conbustor liner surface 80, a variation in exposure 0 or’r{)usq or
liner surfaces to high tenperatures mnmay induce thermal stresses into
panel s 50. As a result of continued exposure to thermal stresses, over
time, panels 50 may becone deteriorated. Deteriorated regions of conbustor

l'iner 40 M@ychend divyddfanfed 80 vAGEH absS kdtheli NRtw t?‘ﬁg‘%ﬂg%ﬁﬁ?g hgd, yer ei n.

More specifically, deteriorated regions of either I nugget region
46 and/ or 7diglly myvard i fronenuggglis 92 darmedybyb panetst0.e dPanels 58 piracenndesidng t he

thods degeni in, If afield ret d_engi ne, h ine 10,
ncl oat s CHA” Shofel bty fanef ot (s RoneRed RofmuBtieam st one

det er i or atlé? of pAnd]ackk, dewistreAH FaREleT. | Rupsdd 03 %:él?d}ﬁlegfve st or
liner 40 to rempve _deteriorated panels 5%. More speciftically, as shown in

Fi gure 3, cemeced panals rrgpective dawastrean sndowpgticdn: mads WO aadd 02hr ough a panel
body 104, as illustrated with line 120, such that the cut extends from

l'iner extefie®mdthd % |+ [ L@r rface 80, .a such that a

portion 122 eofl.n pane%%‘égé 01583 lggﬁ%%slngﬁ)ﬁ&%mgeoﬁ%uggﬁtts %nﬁ‘i‘ E@e STy 7

Decenber @0b&dimettiegicrodd infates Bee FugdeRer2Miliger hikih6létrekion BtigARY t hr ough
fromdeteriorated panels 50 being replaced. Fasteners

| iner 40 do tream
74 may beapiﬁgégﬁBﬁoﬂe&% 298" let eri orated panels 50 fromliner 40 for
removal . Alternatively, a second cut may then be made upstreamfrom

det er i or ahekdyarkd of SRl Beric PhaGeflis Sblicd bR 'coflthisih it Shadage! s S0
are separ ﬂt ed and renovabl e from conbustor |1 ner 40. K ter deteriorated

panel s 5 al bawigs mpternh Euthsndnsdates combustor lneplsadareef0 frgankigs (not
shown) i C stor 1iner 2 and/or 44. The

r epl acegﬁ?’%ﬁ@‘? é&gtr"gsq@ol %ag%f. '? 8%&%‘?‘88%%8 ﬁ%‘gg’f’ﬂg bartiercrating: | s
subst ant imatbyal iiderbim@ircially t hedilady t from OFndlélner Aubeicqy wenliagsg. | n one

enbodi nent,, at | east one of a forging, roll welded ring, or a casting is
used as y?sgﬁ?hé‘é@ﬁ;ent panel . The repl acenent panel is then welded into

cOnbu_st or liner 42 and/or 44, such that the replacenment panel is welded to
an exi stingisganetatol balboniiZAPRERisSRRLAGLINS b BusATRIS B8 i iBfifed2 AN/ OF
44" I\/br% specifically, a downstream side (not shown) of a
. eat 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
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body of the replacenent panel is welded to panel body portion 122 within

conmbustor 30. In one enbodi nent, electron beam EB, weldi | o]
secure the replacenent panel within conmbustor 30. In anotﬂgféeznrﬁ)égglg%gent,
tungsten inert gas, TIG welding is used to secure the replacenent panel
Wi thin conbustor 30. Thernmal barrier coating material may .then be applied
on repl acenent panel conbustor liner surface 80, and fastener 74 is then

re-tight emdtlin ¢dmbustaredod Fietherned, 8RGud: exgesdedatiro@pliimer 40 dowhdiaat es t hat
conmbustor .liner pultihole _region 48 includes at | east one deteriorated
panel 50, frigmdpteriasaigd gansly 5 beie senlased: Epstenqrn dd mpy hedopsened to sparetei or at ed
panel s 50 ik . 1.0y Fi . t I rcunf erenti al
e e A i o L A R DT e
i || ustr at belmatl¢ bpiticae B8 dderidratet pandlh 60 dsingehbied SLEKR that idBeFioRidder i or
surface 82 iso | i ner surface 80, alnd such that panel body portion 122
remai ns sEHGP 4f FenapRte goypble gronrepmbustordimer 49he cut i s ext ended

through |iner 40 downstreamfrom deteriorated panels 50 being replaced. A

second CUAfBRYelelSrtde pARAE S0 4B BmolRY B lc%t RGP NiAf @@,dregpa%%;ﬁgrﬁm from

deteriorated panels 50 being replaced, suc at a deterrorated portion of
mul ti hol ePanelsi Gt 4Bove) yapabat mdaliertl imtenoumbiistorf tinens- €2 Andec edbe TH2005

conmbust or, |4 . epers ;74. t hen be | oosened to separate. the
deteri or arteéi_ Q&%%ﬁ%a{)‘éég%%%ﬂﬂe? it%Hg’géjte %%ﬁ&?ﬁ_"ﬁ%&‘?ﬁqﬁq ﬁ’ﬁ%’rs SB‘ESWF’HV enmoval .
After detidentivabloaBatiiiHidboslifd 40Weinsteplecdde Th Ve 4fbBERNR R Y& P
conbustor 30,  a replacenent panel may be installed into conbustor 30. In

one enbodh £, rgll weldediringy pea easting f5oisgil vg 2 redi¢emeal gaglr i ng, a casting, or
a sheet netal panel is manufactured and used as a replacenent panel. The

mul ti hol ernegepiainRe Bhitd 3s Y P{]é?defd%ﬁ%nﬂ;&ﬁﬁ link'£2 g&%&ﬁfg‘&‘&{ (hRARE! 1S

attached. | n one enmbodi nent, e openi ngs are torne aser process.
| n anot héeplegepedi menel, ist weldeg doiangexisting pamakeiD wsit ngmains eleeatd ovithifli schar ge
machi ni n rocess., |l n yet. anot her embodi nent, th ewly fornped
openi ngs%{r)r%lg%r_ iglilezre ad’ld(‘?fe4r4eﬁMPV, SPF‘é‘ﬁﬁ?:l d 2 Evsge §Fd(%i @ﬂfeﬁl,o“?%of acilitate
| mpr ovi ngody obthengplateB@iTHAEIGE wdlied 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



The repl acement panel is then welded to an existing panel 50 that remains

secured w thin conbustor 30. More specifically, a domstrﬁggcsigézéﬁgt
shown) of a body of the replacenent panel is welded to pa #B tion
122 within conbustor 30. In one enbodi nent, electron beam EB, welding is
used to secure the replacenent panel wthin conbustor 30. In another
enbodi nent, tungsten inert gas, TIG welding is used to secure the

r epl acenervongasier linkt #0.n Fagerters 74 ma3Qtherd be lo@en&Rtd dphrabB iRl déMriord®RY t hen
be applied % rep] acenent panel cjgrrbu:stor | i ner surface 80. Because

deteri or atR9419h Ffrullinueget meonAp emlger A foraemereldescri bed her ei n,

conbustors 30 are returned to service using a replacenent process that

facilitat eSfterl dRGRYREH g ' 15,0 ' repl aci ng
entire corrbue;t or rI [ nergaﬁggg&gg@t ggg)rr%%ieo% @eéggﬁé@g?%deﬁg%%%gﬁbgﬁ@ﬁ?’%pgneI S
are for medeplaceyent pivet awdyi lzdl ingtalledibne icombugtor 80.1 gh vat kxbbdista) Adeganel s

50, aerod m-C per.f or nanc nd conbustor performance are not adversely
i npact ed )téggtoﬁea @%?%Jgﬁé’ﬁeﬁd%a‘i‘l@’s@caﬁ%r% a!43@}!@§t gystad mangl g gpasufactaredct i onal

view of ‘amndhbel 854 iepRicBRBAPAENTHO bt dIB RS @ém} t | RS hat may
be used with gas t.urgi r(lze‘engﬂi ne 10 (shown ?r.f]‘gﬁ?:r}ﬁ re )Iﬁéyiﬁ% gurg éﬂileg an
enl arged fhedsplaremens pand ipattecked. Tnwee embodinidntahe tpGiing sseifistredivie 4 y

simlar t ' 0 {s i igures.,2 and.3), and is.installed within a
conbust or i)a(*rzlllop ﬁ)rcg%bv\n‘ﬂ Qﬁ) & é(g%llr:ﬂg%g?@r ﬂfenSPeﬁ’d%% Y OB LEpe | A electomy
i ncl udes dischdrge miatiniaing] EDM, prdoessenaeyet RO Rerl 4AbaisleA ARIE rfoﬁﬁ&di‘r i ner

(not shown) that is for ngd,substanti ally simlarly to inner liner 140.
| nner | i nBRCMDES may b gized diligrently, redpced, eraisarositioned.viioi feeilitate improvang ser i es

of steps é&ﬁi,ng%%&ngﬁstéﬁgj(ﬁh forma distinct portion of conbustor |iner 140.
Panel s 150 aré connected serially. Inner liner 140 includes a bolt band 160

and a first panel. 164. |nner bolt ‘band 160. is coupled to a done assenbly
(not showhe Eaplpcemsntopats] éothes tweddanh for mmekiséng pamel SOsthnbiemdios k@skedanel s

64. Fi » d | 0 .ed j al | f
ool ¢ band Bg e 3o MAE N TcyTe ZHEw AR Haa ol shBKIIai: Pt dhrnor e

sequent i ahé yepldweentpagl ¥s waldS@t‘d)Pﬂlel PREEpokfd 12 wRAMCThEFsERISt [eam from
first panel 164,. and % third panel 170 is connected downstream from second

panel 168 1SROdRTT slograntonine EB, avelling &t wiegl tofseoure the replacement pancl
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

-



openings 172 sized to receive fasteners 74 (shown in Figure 2) for securing

liner 140 to the done assenbly. Each conbustor panel 150 5@%%&%@3 Q 5
conmbustor |iner surface 180, an exterior surface 182, and an ov ?ﬁ’%g
portion 184. Conmbustor l|iner surface 180 extends fromthe donme assenbly to
the turbine nozzle. Conbustor |iner surface 180 and exterior surface 182
are connected together at overhang portion 184 and forma rear facing edge

186. A pl ud@lantyaroinmlar cues|iinRg (hetadhdiey HASs SRRl auBstashAGHilaayRist or
panel s 150. Air ﬁ%’l ing features 188 include a plurality of openings 190
whi ch recdMRes ey 140 dnger Hinst dAO inddudesra alurality of pangln d60 SHeln inddedsha t hat a

thin protgehivg r i f e 3 hi.gh' t enper at ure
conbusti on gassesspegggg%’oeﬁgﬁé{‘gﬁkhf%@?L%ﬁao@%éﬁg%hm %ﬁ?oﬁéggrl%@'ar e known
as dilution openings and extend between liner surface 180 and exterior
surface 1&antly 15Qeiel donatotedmniling rnfer lingr Cidnibelsd@ra Basbamd RItHd ORat

openi ngs 194 o] as,coql i o] es, extend through each nugget 152.
Speci f i caPl 1 f%gp\é\?ﬂnﬁbgogg’ﬁng%t i tampbHgle # damerassensbly (et @'go‘dn)eaﬁfbr ned
bet ween agkREGMowdehE frokd %@d@n@{iﬁ%exlhlﬁﬂf' tﬁ'ﬁrytrpaﬂéﬁ@ﬁﬁz;.fl[gg@ P E&?m?dsZ

formed by panels 150. More specifically, each pane es an
upst r eam Efielod50 aze denvaested esariakdn dod@gireann droma bbb han@ Wb 0e xteln eiab @ach

t her ebet 0_ar nected serially,,such that each anel

downst reggnfﬁg%e(??%gjnlggé%bﬁﬁ% tg%fI fson'é‘??gffﬁgtsteg ally 05‘%‘“%1?{’ adje : t

downst r eapanehrieB i3 20nnddtedotdvenshiedmafrmf B¥siBehep Qlewe Sk a%ﬁegﬁhep‘i’mﬁct ed
m

panels -8 7 Decenber 2005 respective downstream and upstre ends 202 and
200. Nugg®lneqtsd dgwastragawfiomssecenthpanck [168. Boljdend 160 inclides axpnpllisr of ‘
enbodi mengpenkdA9F i ' 152.. | n al t er.nat.i ve

enbodi nentt. a%gg;%:sﬁ%fl t?ﬁ%#gn&?a%g%rgzgq%ﬁv@rggqlg{rﬁﬁ I}%ﬁw%%?ng TPV i ed on
conbust ortolthndeme ussembly. 180, and i nsul at es conbustor |iner surface 180

from hi gh tenperature conbustion gases. Deteriorated regi ons of conbustor
renpve | aced ,usj ng t he ods descri bed herein.

a1 ol RSO RREGF BHET 430 tnchles B emubloE ity or bl e artor sutace
182, and an overhang portion 184. Combustor liner surface 180 extends from the
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-



conbustor liner 140 includes at |east one deteriorated panel 150, a
circunferential cut is nmade through conbustor liner 140 t ooy,
deteriorated panels 150. More specifically, as shown in F?E%?e 3529%% cut
is made radially through liner 140 and through a nugget 152, as
illustrated with Iine 220, such that the cut extends fromliner exterior
surface 182 to liner surface 180. In one enbodiment, the cut is nmade

bet ween  tdspéctivpddRnstiottn and upsticatl dnds 282 ahd 288. WUgdET DR knbRf aSUt 1S
extended through liner 140 downstream from deteriorated panels 50 being

r epl aced. Syier 8ot prgesisi dn thecaxemplary embodimeat, linaiol 4y isclndensie tugeetsrhSehe
conbustor, a replacenent panel (not shown) may be installed into conbustor

i ner 140 ' a a o} forging,. rol.l |.ded ring,
 casting™ o ARERR0P YPRhenCh, Ly §°5) aRhRaCharfel M ab ot

r epl aceneayplisdrel confhetoreldarcapRes 19GNEId insulbtee Ro®heed lindt Qufeshget or

|l iner 140, sych that the replacenent panel is welded to an existing panel
150 t hat ﬁ%ﬁé? teameratieg cRMbMEtN g78es. conbust or. More specifically, a
downstream end (not shown) of the replacenent panel is welded to an

exi sting paeAbrakdtesivhl of Bﬁ:&ﬂfgsé&uﬂ&?tméﬁ&a | e fMVRA %ﬁé@&&d&%ﬁg the

repl acenent panel and pane I n one erbodi nent, ron m  EB,
wel di ng imethgdedescibablrein. e fiekblcarememgineaseh asienping 10piicatethak i ner

140. In h enbodi ment.  tyngsten. inert qgas, . TI wel di I,5, used to
secure t ﬁ%?ébélg{oﬁ@ﬂ%ﬁ{a ‘Bﬁﬁ‘gf’s atuf’%ﬁ PRe ‘é?f%?f@fteg Pafigl r}é& 32’6‘?““1’%%“%“ Uharri er
mat eri al igiadeh@ifodp® aRRbiest Bier TAPIARMRR! dReristhicd LSt PJ0. | | BRke SUT f ace
180. The abqye-descri bed conbustor |iner replacenent nethod stator assenbly

i s cost- sepsieallyy @s shawni ighFigurcet.i iplce! isTmadersedially itirongiidiver MY sudps of
O O B BB 520 BSRRDA S0R SN Eh B R RSB RE B e

such that th orat ed pan panel s.
| n one erbtdiomenfacetli8 toliharsuofed E8D. Janat smbbeéiniceakiecuthy madeibétiveen t hr ough

t he body of .t he el nd _repl acenent panels_are then welded to the body
of panel ﬁ%?@r’?l ?Z@'ﬁ‘?‘ha ‘i’“trgbﬂ’?g’ﬂ?%% Uthereote g gut is extendedyihraishdingi i ve
enbodi menko dbiAstERheTbRY GfbrRBIBhIASEhdifFRYRRLPY CUtting through a nugget

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

-9



downstream fromthe deteriorated panel, and replacenment panels are then

wel ded to the existing panel such that a nugget is forne §@§

repl acenent panel and the existing panel. As a result, adﬁggﬁo ‘?%b&f
provi ded whi ch enabl es deteriorated conbustor |iner panels to be renoved
and replaced . in a cost-effective and reliable manner. While the invention
has been described in ternms of various specific enbodinents, those skilled

in the arpamdls frone degiingifustod dinef, RBch NG he ](cll%te‘{’ﬁfhtaﬁ pRiedE {ﬂlagqga %ﬁa@e
- ce

nodificatiQn within the spirit and scope of the clains.

PARTS LI SWiBEPhesme damslsi Heoeoumnimdiment; theGlntqricasted pandli gre rémesalibe

snar i or e TSR A0 oS HEE b oS e g Sl e
Conbust or badynef spanisnehichi reiOdtigthedi wahin MY thmbeast RE%PAeMulitd hol e
Regi on Panel

9 | emgosiment, the deteriorated panels are removed by cutting through a ‘nugget

er 2005.

downstream from the deteriorated panel, and replacement panels are then welded to
the existing panel such that a nugget is formed between the replacement panel and the
existing panel. As a result, a method is provided which 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.

-10-




Steps Bolt Band Bolt Band First Panel First Panel Second Panel Second

Panel Openings Fasteners Cow Assenbly Conbustor Li nerlz%gge%ﬁ)%{fﬁgel
I nner Surface Panel Exterior Surface Overhang Portion eal Facl ng Edge

Cooling Features Air Cooling Features Openings Nuggets Panel Downstream
End Panel Upstream End Panel Body Layer Line/Cut Panel Body Portion -11

7 Decenber 2005 140 150 152

PARTS LIST
10 Gas Turbine Engine
12 Low Pressure Compressor
14 High Pressure Compressor
- 16 Combustor
18 High Pressure Turbine
200 : Low Pressure Turbine
21 Second Shaft
22 First Shaft
24 Nozzle
30 Combustor
32 Dome Assembly
36 Combustion Zone
40 : Combustor Liners
42 ‘Inner Liner
44 Outer Liner
46 Multinugget Region
48 Multihole Region
50 _ Panels
52 ‘ Steps
60 : Bolt Band
62 Bolt Band
64 First Panel
66 First Panel
68 Second Panel
- 70 Second Panel
72 Openings
74 Fasteners
78 : Cowl Assembly
80 Combustor Liner Surface/Panel Inner
Surface
82 _ . Panel Exterior Surface
84 Overhang Portion
86 _ Rear Facing Edge
88 Cooling Features
90 Air Cooling Features Openings
92 ‘ Nuggets
100 Panel Downstream End
102 Panel Upstream End
104 _ Panel Body
110 Layer
120 Line/Cut
122 _ ' Panel Body Portion
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202
160 164 169 170 172 180 182 184 186 188 190 192 194 200
204 220 222 Inner Combustor Liner Panels Steps Bolt Baﬁﬁec@l§e§bog§nel
Second Panel Third Panel Openings Conbustor Liner Surface ern or

Surface Overhang Portion

140 Inner Combustor Liner
150 Panels

152 Steps

160 Bolt Band

164 First Panel

168 o : Second Panel

170 ~ Third Panel

172 Openings

180 Combustor Liner Surface
182 Exterior Surface

184 Overhang Portion

186 Rear Facing Edge

188 Air Cooling Features
190 Openings

192 ' Nugget

194 Openings

200 Panel Upstream End
202 Panel Downstream End
204 Body

220 _ Cut/Line

222 ‘ Fourth Panel
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Rear Facing Edge Air Cooling Features Openings Nugget Openings Panel
Upstream End Panel Downstream End Body Cut/Line Fourthafﬁgﬁlgﬂ]err nber
2005 CLAIMS 1. A nmethod for replacing a gas turbine engine conbustor 1iner
panel , the conmbustor having a conbustion zone fornmed by inner and outer
liners, the inner and outer liners each including a series of panels and a
plurality of cooling features, the ChalIMy features formed by overhangi ng
portions of the inner and outer liner panels, the cooling features bet ween
adj acent els | ur I|ty of the panels in Iud|n cooI| g ets sai d
met hod cotreh msthed flfaeRBeing aofas turbind Fpine Fobser i #erely ©Rugget

O rendvenAing £ashb@iienRRRE Forled %lhﬁer &ﬂ”&ﬂﬁil ers, %ﬁgmeﬁ&?& bﬂu lifids | €ast

one replacenent panel into the coffbustor suc e series o panel s
are arr angell inohn e serieslofpinads arsl opleraitp bfiesoling feaeumettllnmbalmgéemmesiance

w th clai ere| each nel cludes an upstream, end, wnst ream
end, and BRUY eivBrR TP EReRuebt B afruetiids Parels & o ng??ﬁtwa@h at

| east onepcppasl adpaget ah&ls ! RSHIuGRAPbF $hd'Pahdl® is olhd igodiadiag | Y

t hrough at Ieas?d]one (% a paﬁﬂe ups??Zam%gn%lgan&ﬁ&n%acr?e ow %ttge%ar?ﬁhend 3.

A met hod hethed comprasingthgisteps of:ai m 1 wherein said step of installing at
| east one replacenent panel further conprises the step of welding a

repl acene&hi&aﬂgbugtho af'Teasf 5he tp'aplcci Hl%gf] %{ 3 er%yn%%g a\@n ltéet]slt nonte hgan%f) r?olﬁ% ttﬁe '

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

-13-




4. A method in accordance with claim1 wherein each panel includes an
upstream end, a downstream end, and a body extending ther?ﬁ%&%@&?ﬁ gach
nugget formed between adjacent panels, said step of cutting through at
| east one panel nugget, further conprising cutting between adjacent
panels. 5. A-nethod in accordance with claim1 wherein said step of

i nst al I'i ngareier haesial @nehe GERE JIGAIENbT RAGIE kepldtbinbe paRIMthERE wKinSthep of
wel di ng a downstream end of each repl acenent pane? to at | east one end of

a respect ¢opbystaiel secured within the combustor. 6. A nethod in accordance
with claim1 wherein each panel includes an inner surface and an outer

f , id nethod furth i i h . f | yi th | -13 7
Decenber 2obS G B/ oHErRE RAOrLE" £ha PRI L IR BT £ b FABBhen:
panel at t aghgctop e ébxﬁﬁlﬂs_torqa%!m&gs&%mbﬁsticﬁ& PERImEE reﬁphﬁﬁé}t& duRprtion

of a conmbustor liner within a gas turbine englne conbustor, e conbustor
havi ng a kwerptistinoer asheutbolimed dayh dncludingra sefids ofitpanels land ey plutdlizy iofiner and
outer liners each including a series of panels and a plurality of nuggets,
t he nuggetueeetsy Misgnpgeckdfosmedtbypadiacant psnely, said msthedrpmpEsing thestepseps  of
cutting between an outer surface and an inner surface of at |east one liner
panel nuggdét; renoving at |east one panel adjacent an area of the I|iner
cut; and installing a replacenment panel into the conbustor to replace each

panel renmvt: Fetwean dnftritauifcd 8- an8nned siFhdeQT ai Rag @R lidans@eMugies! ai m 7
wherein the conbustor further includes an upstreamend and a downstream
end, a first panel coupled to the conbustor upstream end with a bolt band,

sai d st epepbvinglat A& opepUeS AdABe dh GfeaftlcAGRy 8da@n | Nner  surface further
conprising the step of cutting through a nugget fornmed between the third

and fourth panels extending downstreamfromthe bolt band. 9. A nethod in

accor danGgstiflihB aGleplaBenfentpehdliftoSlik Losb8RoLlo fepBEALhdNEhR] Faivea §RgDt

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.

-14-




panel further conprises the step of welding each replacenent panel to
respective existing panels secured within the conbustor supl.diipt2809ugget
is formed between each respective replacenent panel and existing panel. 7
Decenber 2005 10. A nmethod in accordance with claim7 wherein said step of
installing a replacenent panel further conprises the step of welding each
r epl acenehl. Apartiodtin acesgect iwith clein 3 twheteipasde|sepsednstaltinpiatriplacenteat

combust or. . A nmethod, in accordance with ¢claim 10 wherein said step of
wel di ng e%%?lﬁ}r@ﬁr FOBMEIES Hhn e rWﬁ@ﬂngcsﬁ%r replacemgnt pans) 19rTeiRaCHYSg a

portion Oéxiﬁingz,gﬁég%f&iwiaﬂﬂmedam L0 a respective portion an existing

panel nugget cured wthin the conbustor. 12. A nethod in accordance with
claim7 further conprising the step of applying thermal material to the
i nner surflacé wfthedcin regpirdaneeewith pdaisl 14t whetwed saidt kiep ¢theveldingrizash or . 13.

A et hod for repl aci | east .one, deteriorated conbustor |iner papel

i thin s gaecatd B uRben ERRBI RO Fep i ARG SAOHMI LR THAEPPhCI udi ng
a mul tinugget niSgt a5, a Fespdbivd P&lti%nrﬁgieﬁi@tin@@ﬁnﬁnnﬁégé? sediltéd 3fhin ithe |1 ner
including a plurality of 'nuggets, the nmultihole region extendi ng

downst r eaqenfbuster.t he nul ti nugget region, said nethod conprising the steps
of cutting through at | east one nugget downstreamfromthe at |east one

deteri or r. Li.ner nel .to epl aced.and within at,l.east one
of the 1 1 Hor FERRRH Feeor PEE BN Seitn 7 JShHEs A et bR g AP oy g

the at | eb&inadnetclel abithE ahes sora®yIsf @ichl tdpRicePemepankl afadhee witHihygd or; and
wel ding at | east one replacenent panel to at | east one existing panel

wit hi n t rembggiabust or for each deteriorated combustor |iner panel rempved.
14. A method in accordance with claim 13 wherein said step of wel ding at

| east on X Laer t her | Iy | east
one of aﬁl?)E I\%@ﬁ‘?ng ’p’)ﬂra(h)f(;:5 & g ?e%at Ah%éj e\?\ee%t%g%}l%ﬁ(}g%r?%n aﬁgﬁe}awh%ge\g%%i ng
process ttorbiERCéhpthecatlibusepliddadiBgtn apmilet lib@ iaclabing eSPakinuyget @¥gi6h,i N9 panel
within the conbustor. . ] ) . i
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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15. A method in accordance with claim 14 wherein each panel includes an
upstream end, a downstream end, and a body extending ther id
step of cutting through -15 7 Decenber 2005 at | east nugge’t?g%éré?[ﬁegrzwé
conprises the step of cutting through a panel nugget within the I|iner
mul ti nugget region. 16. A nethod in accordance with claim14 wherein each
panel i ncituelss nageet finthee abinpaing, tha s@pwitttdgthengh agndelandpgeywitkinehiei ng
t her ebetween, said step of cutting through at |east one nugget further
conpri ses AR ELERBEELTEEIGRt i ng t hrough at | east one end of a panel. 17. A
met hod in accordance with claim14 further conprising the step of applying
thermal beg rA ehethBd £ A@brdafcd Bfth! IRAT 18 WHeAGS clh FARDN idcRRIc8GR T ifredh2ne!
wel ded into the conbustor.

end, a downstream end, and a body extending thercbetween, said step of cutting through

at least one nugget further comprises the step of cutting through at least one end of a

panel.

17. A method in accordance with claim 14 further comprising the step of applying
thermal barrier material to the inner surface of each replacement panel welded into the

combustor.
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