METHOD FOR REPAI R AND REPLACEMENT OF COVBUSTOR LI NER

PANEL FI'ELD OF THE | NVENTI ON The present invention is

directed to a nethod for repair of conbustor |iner :

panels, and nore specifically to the repair of

conmbustor inner liner panels in |arge high bypass

tur bof an engi nes. BACKGROUND OF THE | NVENTI ON A

t ur bi ne engMEHBBFAQRREPVIR ANDCREPLACEMIENT| v

i ncl udes a conpr lon for conpressing air, a

conmbustor sectio ﬁiﬁﬁ“ﬁi gﬂgEgJﬁﬁﬁggsed air wth

fuel and burning it to generate hot gases, a turbine
FIEEDI OFIMHP INWESITIOREr gy is extracted from the hot

~ gases of conbustion to operate the conpressor and

otherwi se provide the aircraft and an exhaust section
Therprggane Riveptéor s titiepfef ép hotetipsklos reprired vpmbnstonlingr pancls, and
. s .
o R RS ANE I heARRTy 5F SBBILEE ot WRt YR RER%n bypacs
tutbodinuelgines. | arge fan typically located in front of the
conpressor. In the case of a front fan, the fan is

' ' typically the | ow pressure
B@ﬁ%@%@@iﬁ@@ﬂ@%@& bi ne section of the engine
behi nd the high pressure turbine. In a |low bypass
A B @ipiddididne RN RErcrdf BipS@lllyYinHB8sk 4 RbmprR&SSRBin for
flight, nmost of ‘the air passing the fan enters into
CONMECSSBIEPRIB 5% 6PmbyRiorasection e nuxing sthe ddaypressed air with fuel and

I, ) t. . ln i.gh_bypass t,ur.bof an turhin
buBHBEERPnchll B snstL il sERBRRR VP S0y it from
thé hovgasssosthebniiiias 36 petake 1N Gorfifresst? Nndi RtHédwie: bvide the

.thrust while reducing specific fuel consunption. The
alfﬁﬁé%é?ﬁ aprﬁ?‘éﬁisff §ertion g which dhe remeinig h@nﬁﬂﬁsﬁt f combustion of

[ f ' e, r .
rek o8 RO bt B MM BN O Ul B R turbine
enginelfofther ihclobesnel aggeofan eypisgiBolotatedid ftokthsf thEc@pressor. In the

curge&tg)lé_l){ manuf act ured by General El ectric Coggany, it
casg gha HEutt £} the: s isidriyen $yct prsond dyrbiien dymically fae 10w pressure
rurlbiMfd, H6HaRa {RLRE furbing ReQYRAGEME Yh gfgg Gbeﬁﬂltg' M€ i e%sﬁ}% turbine.

bypass turbine engines, notéd, 1n the c ust or,
Infauelv bypasd tugebfan tirbine epgieesupicailly wwed fdruupasonidfiéght, most of
hconbustor i sﬁ%gcat ed.in élge engi ne aft of the )
the, Gippassuig, the (H8sW0g cOMPIESSAYiaRg ant RUSREHE: sadded to
supgleseat kha. t CRIZRUSHAL OfPbi el i

e conpr essogﬁeal[‘ﬁg{:i a hisgﬁgfa%cﬁ?ﬁlﬁévs\? g’}w&f é%gélgfpged for

subsosss flight, Mhee dir fffonsearoand (bypasdes) thederping, lventributing to thrust

while reducing specific fuel consumption. The present invention is directed to the

combustor section of the turbine engine. Although the present invention finds
immediate use in a high bypass turbofan turbine engine, specifically the GE-90,
currently manufactured by General Electric Company, it also has applicability to other
turbine engines including other high bypass turbine engines and low bypass turbine

engines,

As noted, in the combustor, fuel is mixed with compressed air and burned. The

combustor is located in the engine aft of the compressor. The compressed air leaving

the compressor passes into the combustor. The compressed air exits the compressor
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conpressor reduces the air velocity, increasing the

static pressure of the air. H gh static pressure and

| ow vel ocity at the conbustor entrance inproves m xing

in the conbustion chanber. Fuel is netered into a

swirl cup before it passes into the conbustor. The
atCOHRP WRfocks, ARARSENBY WHLGP. LYRL Bl SPNBE 3P ofl of the

sever al Vi |eces e done asse@b

copgiredsbr thiasesathbl amf f/elbadgy 1h¢:re§dn@ thd agtid bﬁ:sidréﬂdiﬁ thelB. High
i nner and outer l|iners

t|nner and (?ter efowls atg ]glg

SHaE Presre and Jow grelasity a6 the SOMBHEOR Entrance improyes TBene in the

cottbusiiéle cHhapBt Gruel TP endiQbd Sinﬁang éﬁﬂk LGP vRErS 1f %Qésggllh% the
are tack wel ded to prevent hem Trom'separat |

cogdmstost r uct ure consi sts of a singl e spectacle pI ate, a
die forned sheet metal part. A pI urallty of swirl

ﬂfeu&%f\ sﬁ)r ég %Hﬁgs%%ﬂ w %F)@ahcaglp{ ogplp s OMCV@'HHS{DQ}VI?‘?Q pieces.

Ther dothel asketably gftameshtem bliiffodsith sbMiAY BeaMehdUThe tinner and
The i nner %nd outer conpbustor liners are typically

oufexisPIEsanddhe imer prdipyierlingrs areciipisally belitest taghe deme at its inside
and 3} AOTaABr T he Pﬁltsdﬁﬁil lgﬁlgﬁg fgqu‘IthW %njg ack \H(E@Fd to prevent

conbustor liners Ttorma su
thttny g iséparatingu | Bie d¢mastmd1anermnslstst<ffe1 ﬁﬁ@le@ﬁ&@&l@fplate, a die

oA RoR] Fih-ok RHIEOLPL ST v Brne o e demgrassembly
fOlCWfQHx@é HRNBNACH i§ ﬁ'ﬁx&?\gftﬁ BirOr AR %{‘ is g@vuﬁﬂrﬂf i éﬁte the

t hese conditions, exotl tenper ture 'oys a
fugltait mistyre Bad Ibuuonbué{ﬁlermnels ahd oatee dcontusion lasers afeetypwally

out er,. S ol.ing air flows_ alon
ra R P L EhishiTer doBEpBLeE GoEs BAb At AGIded or bolted
- togefigiron bet ween the |nner l i ners-and the inner
structure and outer liners and outer structure. To

further assist in the durabil |é% of the conbustor
Thecpmbsios liners dprig sehistantiglly alosetidusctypleatiy ginwar, that channels

R Bkl Vs SR BEHGR Rk SuBRARie Sop! B

musowethefand hind esnpefattReof! doddustib® Whikl B8l bé&Bo0I N orvhigher. To
reacting gases. Additionally, the inner surface of

survis theseoaditions exgfie Aizh temperetire alleystdre utilizede oFaehsednahmstor
is E)@ét@& w1fh§r~gt9 ﬁ{n%ﬂaﬂﬂ (IilP of BAIIRE. (?o%ir LG Stf Qal Ilg%; g}e exterior

systens er na arrier coa

surdads afi ﬁleocfontli‘usm in GRanbelad &don E&tﬁve&ﬂ Hidherdaierd &id the inner
coatlaé]% ugestems typically include a netallic bond
Puserdinersand quier stysture. o To farghertassisttin tha dyralilityof the

T e
theptambalstaryliref. dordddiiony diluti@r air is introduced through several rows of
holes in the liners to further mix the reacting gases. Additionally, the inner surface of
the liners, the surface adjacent to the hot combustion gases, is coated with a thermal
barrier coating systems. Many thermal barrier coating systems exist, and any of these
can be used. The thermal barrier coating systems typically include a metallic bond
coat and a ceramic top coat to insulate the surface of the liners from the hot gases of

-combustion.




panel s that are wel ded together. The liner is attached
to the done assenbly by a forward bolt flange.
Recently, inner liners after usage in an engi ne have
experienced cracking in two regions of the aft panel
assenbly, the multi-hole cooling area of the |iner.

CdiBuibrPhiks iafh Hﬁeﬂuﬁ'&&'ahginﬁ}eﬁﬁ%.g ﬁg gﬁﬁelﬁfgarlliy g’rf 'é:gmlb{l&Sr liner

with the fuel cups |ocate
panglsi bal g weldod itagaterwiThh loentis attachied ot the tdopek sssedibly by a

S, the aft, panel .fl ange regign are jn_the area
f°g‘§’%t%hh’é)“af?%“gf’-i g‘eﬁ?ntlﬁglqef HBPts altGE dyagg 0 AN cRgne By prperienced
cradkifd i tWoRIgicHj EGRE hﬂtﬂﬁﬁelmsgéinlﬂgﬁﬁr%%ﬁlti[}ﬁﬁé leBolH arkd! of the

S.

line with the high pressure turbine stage 1 noz
lingwe The geaeks irathepultichole gooling arya hrs i dinequith thaufseldeupy located

s ' [ ial t er.at ur .adi,ents th .

o B8 Q8o SHO B Ao RARSIR, o PR el e s i

the effi pmel flangehmgiasire inhhs erer éChe 4TS JTA8E 1MBRALEREY in the
repair_ process. Wl d repair

qtl)’é vveétgi rlifg1 or_other all oy ces / :
Partion o 1€ lipgk adigsienpihg hbgisprespurenezals we én linersriti the highanessure
. . el |
AR B4 O Al EUIKETEOL S PO ARERPIR SEODOM A8l dkoa by ares
cirche:feremtind terapetatune gradbentothat rediks thekiasr idw syelb fati@le life in

t.he wel epai.r .is not feasible. because hale
(g GBS Pai IpdhE Aot HsSiiracks RG1 DEBLIaPAGLAPE 2+Siding or ofher alloy
refait BRITe%e Wl ltep?ir %feﬁui}fﬁ,nlﬁﬁ-thgll ?f&@ssﬁfgg % ?est(%%a(ﬁhlensional and

‘repalr can resu In~aft |pdstort|on an
opsrationdatpguirginiestsi thatitscempt etvhemimlly hexcexsive tdir wade level of

er A e o G i bt ook it eagueld
repdinéd nandeasitRel Reudet hote! Rs@ratRW iﬂ'hﬂ?er muldHoflchdling Bfea is

liner is made from GID-222, which has a nom nal
exteasiyesit theraft panshdlagle regiow.emack haiiventre@®t & aft lip distortion

] 4, bal .about 2.3 titani . ...
o B, TR a8 e xi PR i i Re il s o i
dimensiorhi Winthe pag, tHeOstherl allerh@iedlvdinto Widehrd R §3LIRACEer and
eing nickel and incidental inmpurities, but the liner

fel?kiéc itha newriliners | Tapigalby; e linst is madefrane 58D 232, Whigh has a
. ] S e . 4GID:-222 .1 s

oo SRRSO g ro Bl M 359 sy STRAE bt P cova,

abowti 21attitatiumy ebingt AR talathinoys dbbat 2 TeyinfRen!S@Bui 0.8 Hil8mbium,
&Eﬁl i ca{)i on, and the processing involved inits -

angaRetak? iankalygry gvithytherhalange weings nickd and iagidentaliimpurities, but

hd ' .04 et hod pai ring these

i Sighogl 8oy B4 A0 B BEAD ] DA 9555 may

alsbibeersed sGPDs21is @n eapehsiverilloygs dre ptRe BigbNbmpBiatirk Axidation
aszmgéﬁh a ossLObI e. Anethod for repairing the liners

rest Oy PEHMAN beyused mothispPNEAtion, sEbthg pyotessipg inwalvaskin its
alufacBRE a8&SH | k eRe

RS AASLNESS ol 5551 058, B SRSl math

forf gpaining these disptsabo as e sdloapel srmucpdLubic RgpaivgReer as possible

nel.s in a conbustar. 3
ané ﬁrmtmg replacement Iatenal as much as possible.

A method for repairing the liners is set forth in U.S, Patent No. 6,568,079 to Farmer et
al. and assigned to the assignee of the present application, issued May 27, 2003. This

patent sets forth an acceptable method for replacing damaged panels in a combustor.
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However, the repair nmethod does not address repair of
a portion of the aft panel assenbly, which is
di scarded and repl aced. The aft panel assenbly
includes the aft panel, the aft lip, the seal flange
n . ort, leg. The support | eg
B2 heehaf Mifthof dBR”pit pews igpie ot pugiofief the aft panel
@aeublyy whizhiio disogide @Ad rBsla¢ddNEThd 4 Qhnel AREErANIS includes the aft

strﬁ%ur and, is bolted to the i nner structure.
Dok dbg At Jas the seal Hangreares end pinpanch seppobl leg.  The support leg

& [ ; : | __support | T

s 1, S BB 0 PO B o

dngr the sprattuienand fsebalfed toathe linedr mdumemthbagg pbbtionls of the aft
pane

o re ieaci ng only .the daggged portion of the a | )
%agng ABFPIIWPRBERC o gees dpmaes. e afinpansk punperinlge sypicaldy is not
. I )
afdcteddWhatSiy RB&Id i %Qneéyw&%?g\% ngh%ieq%gﬂﬁ%rr liner by

aspect of the present Inve es ‘a

Tepleoingi ok thy Wl]ﬁtﬁ(unoﬁﬁﬂmffﬁ‘pam assegfbly, \triﬂllincgit RRcessitating
. copprising the steps of. renoving a conbust or

fﬁ?gémrgﬁ%%ggéﬁgagﬁ ﬁlsélﬂﬁ% -of the engine; renoving.

the entire inner |liner assenbly fromthe conbustion

SisibAR YaOF THIE BNVBNwO® bolt flange, the inner |iner

assenbly further conprising a nmulti-hole panel region

at its proximal end adjacent to the forward bolt . '

'@q%@@t Aithe pregintsinednti@ngtotits taliedthod FeRE i sRthe 3Ro@bidstidd Samber of a gas
tﬁl%g’;e%P 'S‘J tcoan .t he errul ti- hole panel region, an aft _
seal TTAangerEgedhe dsaseidiemgving a sombHston fiom| thy conafiyistinm chamber of the
cagitle; atm@hidg (A BRire SMOPRIEL ads ' fromthe aft
q'_:,leal f1 ange regi on: separ a‘?‘?’%ﬁtﬁ%gﬂedn%c{ﬁ%u?t 161%? W%fﬁéft of a forward bolt
8% Oif PRG rlinem essemipli furttien eomprassgeniuli-iadid pael tdgRn at its proximal end
fijakned Ghdo - separati the aft panel support
i jgg from tﬁércgéofﬂ r}gg%ﬁ ang Iagﬁgjeenr&r_gfgﬁqeﬁﬂ?mﬂﬂis%&? dfit Hyragies aft of the multi-
- hglepamrchtegidn, i bt seahfir@e Raika |e)_(télﬁ§ﬂgqum_ ﬁ)@@ft ﬁf; l:eé'loh Bnd ﬁ]gdlﬂ%gnel support leg
egtgd.naf seal .flange region;  providing a replacenent
R R A e3fmel 1§810Ri rgpasating flte tuilty-hple gpaugeh fapidn E@@khe inner liner
.. afsbrablg @ft o€ e QBrwald\SREHL r.ef ur bi shing the aft
panel suppgrt l'eg and %ﬂ%egaga?ﬁ % agto‘fapgifsl"l 8 framihsgft seal flange
reHe; diegptdinedivesepamted wriulti-ludd Eanpladagibn, MROATORp te@ichfd aft seal flange region;
plrogig{nggg%ﬁﬁgmeanftgn hi re ilon/_aft seal flange region at ’
an aft Thp ragrg-ods ptel speion andjag afiilingesiondaft sefl flabgestogicn; inspecting
argif tefuridshing teLdiOgdnt] ufisbri10s bbematdiw 1L ange. regi on; .
h({IOi ni ng .t he repl aceﬁrrlg)rFlt ggrrul ti- ho%gﬂﬁléfrﬁ%%%ﬂé’qu&%h? fyplacement multi-
- Bql¢,pangl fRgion foj thrcteplacementsifylipakgiowift scakeflangé tuloh shadar lip region joint prep;
- joinfieWeY ARt nge to reformthe .inner liner
- assenbl y; ‘an%gtt%gglﬁs Hﬁpoét%%%tg & a3l flangsreeions doiing theeplacement multi-
holespanelregion torike inhériter ASERIP LY oMtk RefBrbishOefoPBla AT ph@% to reform the
_im%?_%é% %ﬁ&t em 4 Oher features and advantages o e
bf eS& P> TRV GAiNg possd msjshsurieess of thomefbivesd ifuek linatiaBgmbly with 2
thérkIe b @dr ddohBfd g@g&_ri ption of the preferred enbodi nent,
taken in conjunction with the acconpanying draw ngs
which illustrate, by way of exanple, the principles
“of the invention.




BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schematic of a typical high bypass gas turbine engine.
Figure 2 is a cross sectional view of a typica
conbustion chanber having liners with nultiple film
cool i ng nuggets. Figure 3 is a cross-sectional view of
the inner liner assenbly of the present invention

i ingle fil | | t and I'ti-hol
Bt efeh ohd v iipbsah bt SmiestoRowil Dy iagamgnt from the
follewafst hareldeldiled 98escBPHN, of pﬁtlaug}éi&réd‘ een%édim%?tn ®aken in

aft Iip and seal flange area o he present 1 nvention,
- oRpugtipaithHbe adcompanahg defwingpahidh illigirate) dysesl of example, the

: TAl LED DESCRI PTI ON OF THE | NVENTI ON
@g&r%@ftﬁgmﬁg&%mti c of a typical high bypass

turbi ne engine 10. The centerline of the engine is

‘BREBIhDESCRIPTEONQF THEADR AWENGYi ne shaft 26 is
positioned. Air enters the engine 10, passing front

éan é%. Soge of %he air enters the engine core 14 and
H1BUred; P asrrgnaty eipdyrigaldrgh bapass gat fushing engihere it is
conpressed, while the remai nder bypasses the engine

- FigiiR- 2 ERecr6 QNREGSHHEJicdl 6f a?[}gogtféﬁ c Eﬁuﬁﬂ)?ibéﬁ%ibg{h%ri% {i%ers with

chanmber, shown at 30A and ere It 1s mxe
myldipleilne eeddingmygeethe swirl cup of the fuel injector
18 and ignited. The hot gases of conbustion proceed

. rg.; t ear..of .the nmhusti.on cha r-past the . .
RS ' ot i oF G St e SRERDIX of B et igpention
-mingmsingetﬂ:mmonﬁn@hﬁ%%s akPa hﬁﬂﬁlh%leoc%kbdg{anahe hi gh
pressure gases of conbustion are nmounted on turbine
eel s .or - disks 31. The high pressure gases pushing on
igere ‘ilﬁ GroPIesestionnd yiegp of the afinpanch flehge 3dgioiiotiuding the aft

i o AL .the.h
TREEAR I R IR o o iRl inoESE et ganel an

mach ipandsealPflaggechrent er  t he exhaust as a | ower
tenperature and pressure. The front of the engine is

- REERIER SR Bl P e RO, Figure 2 18 a

cross sectional view of a typical conbustion chanber

. 18Budeel fshEdch@mfic BF a rtﬁiggzﬁ n‘(?% %asg ﬁgﬁ%é %%%@gl 1?. Clﬁm%c?egtﬁrline of

engi ne. This annul a
the coginpis slicorn ethbiylaémg Whichdhé engihé slgds26 @ Posittoned. Air enters
n.ines,1 and is not reiaricted o the high bypass .
tﬁﬁ?ﬁ&ﬂg gnﬁfi‘sﬁ’élg ,ntm Pemg;af, §’é&n1§’§$38@ qugpne core 14 and 1s
ditde \ T i 80 i
it oo mupapSeon TegERTHL LoRpENAIE S pg remainde
seq Sreenigine offe. Thecompresseldi aieentars Seatingbub§oh $Shamber, shown

_.a(f%’WX 'ar‘?(? QOBfWﬁerglitu {sérlnixtex with fuel metered from the swirl cup of the fuel
injector 18 and ignited. The hot gases of combustion proceed toward the rear of the
combustion chamber past the turbine vanes or nozzles 34 and into the turbine rotor 20
where turbine blades 32 in the path of the high pressure gases of combustion are

mounted on turbine wheels or disks 31. The high pressure gases pushing on the
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of panels, panels 52, 54, 56,. 58 and an aft pane

assenbly 60. The panels 52, 54 56, 58. are shown

joined -together at joints referred to as nuggets 62.

The aft panel assenbly 60 is simlarly joined to the
panels forward of it at a nugget 64. The aft pane
tybinelades 3g0upbihcarhesis Hewhichiropre Seuerinasaitr®s. After the hot

I N I T S

theogxdititist tas b dower tinpbiatur® uh®prebdh " THO froh\6F A bALind Isheferred to
ner liner 44 are joined together to torm

5 di

ag 8’%‘(%5 end andHetsbeust ofitheicnging ivshierded to as threeaft emlsi ng

70 and outer casing 72, at locations 74 and 76, the
Fighep id 4 8 ; ng.:holt ed tqg.th

igr?ner ' cags?]g&%;g%itqg %c% zttdﬁg?%é%f% %bgl g?ﬁ%c%qﬁ?dbeelr %Pi(ﬁ‘gl}er ébor B)
seght asahayd be gouriteoro o tGRM exsénpine? Thisosnnusdt @ofbubiorf&iamber 30 is

L TN Y T T T

 toa (0 S bireds GRAIRE lengik 010, Grllidn eﬂghﬂguss%;ir?gg}'éh E%rr illustration

representative of the present invention.
Pyposss.  Hheseorpbystivsn dhaoibet Re iGHadesdinhibe cowf HRmnthaiter cowl 44

' ' I f. the.CFM 56 i t.hat in ]
R o TE R

ofymnelssparets $) S 56,058'8ld arfs® SR Yass BRI 0: Tf'l'[}:gﬁa?xells!ﬁegfi 56,

%assenbly 80 fromthe GE90 has a simlar confi ationh
S& 8re; Foviar joipedh dpectker eathioints defofred e aSFMbERLeh2i MEhe tfiepanel

wshimnay S mBRL FRBER e e Puaof s sisbet b The at

- pant] wsémebly Glesingnss thdQi pRsdued dirbisie sBétford hahe B&’ﬁb%ﬁtoer seal

t he hgpaﬁ}r t echni ques di scussed herein are appli-ca
supporf 8. il hg@anels Abro4, 3810 \and 61 gire simailaEso0ined dogether e form

; CENL 56 [ , |1
(hé obteb HiEt S8 TG Unfordfher 30 Al iniirfie? B0t AGned fngfiet to form
cogibmstor yife @émbusiér 48 isodtiaehed fohBinkn B&Ying 70Qhd 388 HkiMe 72, at

80. conprises a forward bolt 6 flange 81, a nugget 82,
10%‘918% Rtk 26 thg iangs| kines| 48 9f eombypsier db dwing beltadata the inner

 ca¥ihb G0 &' Beatild Yh Sa e qlgl[e{ §gﬁae thegd g%gl%egé&glggasq%gz, as

panel region 84, a portion
shomhthy: 4yl @npemieht mexgis oo forredoditigtdoh ehasbéd® aft 1ip
region 86, the aft seal flange region 87 extending
omthe aft lip region 86 and the aft panel

e d d fr. ¢
- Figlig 35 = Sostionalyiciy 05 apdnher dingk assembl 381 ofra eergustienichamber

e o i PR e e el Phd gl iner

end distal f e attac g aft se

asseaplioR) frav shalGROA| differd fr@f theriines lingr asselBRSof ME CFM 56 in

As shown in Figure

| ttachment w e inner casjng. S
thaf R %%Séﬁ‘?wyow’éﬂ%emmeﬁ s wpluityadpenels prd an aft panel

asseinbi) ORAMGE, indd? Finkd ﬁs%ﬁlglﬁﬂrgﬂ?ﬁf)&%g Gl A& o Shikf !%%tﬁ{]g%ation

receiving a bolt exte rough 1 nner casing

. to thgafimpane asseinblypathef the CFM 56 engine, the GE90 inner liner assembly not

‘having the plurality of panels such as are found in the inner liner assembly of other

designs. Notwithstanding this difference, the repair techniques discussed herein are

- applicable to the inner liner.assembly 80 of the GE90 and to the aft panel assembly 60

of the CFM 56 engine, as well as to aft panel assemblies of other designs have the

. same type of configuration. The inner liner assembly 80 comprises a forward bolt

6



regi on 84 extends across the inner |iner assenbly
substantially perpendicular to the flow of the hot
conmbusti on gases. Aft support |eg 88 extends downward
fromaft seal flange region 87 as shown. As
ffrevi?usly not ed, cracks have been observed in the
AR P Ll 3 PFech 83 etrbpijiog agingthplurait Of apertims, ttyygcally which are
i3 | [ . anel assenblies of ofher
O SRS AL R R A AR TS B i itrusPhef o and aft of
tifer mylteholeypanbl srpir referredieo AY/thé ahake rFRER6, @01 F0 s flange
e region 87, and occasionally in

andgjf']e af{. seal fla ] )
i 81 £xiPnding dgvaamciom thegtt i pegiont end Cuurf: panct Hpport leg
88 kitlablRd toNiHeNSR a1 Ha?ée’slbeg%ofxf%' fhet f p%#él{ ﬁ%&)&dﬁg 88 further

~discussion identifies IC areas-o

inchieng 41 m(i:batlsbﬁm t?%* al!baﬂh mespiontte Bg S@éﬁl&hﬁgeiﬂgﬁdhn, this aﬂ;stal end
. asse es_of other. _engine designs, such as aft
| 9@ 2@‘11’5@8}?8@%% GUBPhTRERL e érner gpsipg;s A8 ahawyp rekigars 3, the
mehsC fort dtashlbMCHSH Hbrfuse/BA18 rr@;ﬁ’#é hGROIE- ' i
,aéi practice entai Iéigad r ermvgl 0 nﬁ'@, g’?tthgéaaﬁ%‘f%&[mm the
digiek epd recenioe pdiltaedensting dirougheinant casing§0eThe wulti-hole panel
| -SC ' t emved portions., This was, acconpljshed
™ sﬁ% n%{ tg%tggqsecqﬁésqtggén%?qﬁeé.asseﬁﬁil% ﬁ\‘bwnag?’é’@g?eﬁe}@u[;é to the
fimoiiee iedt cambubtiailigded/BMt duppoR00s 88RAAS HIREH IS A seal
ﬂas&gnee of the present invention and U S. Patent no.
Peggelon8ias hqyel to Enilianowi cz issued June 24,
2003, also assigned to the assignee of the present
Ad PMRTYuk nhdavention . uti | zes.some of .t
t echni qrg(rehs()t%—%}%tr egt os%éééacg)g%tvgg . éhre '%13?'31 @rﬁﬁseﬂ?ﬁ%gﬁ of the
GEY sad viatfe: sivritarlynonfiputedenft pasl abdondilicd ST idryenzfie designs.
THLYSE, 7§N§Fec fical I% the aft pane| support |eg 83 and
HeRe CRSkSARYE Pretmestaticausatiyobseryrd injthscmylishinle poneliregion 84

anll 96 BRREA MingbliestnRY! SH Scalbnbile Bl BE A 58 aBdfon 86. It will be

ref erence her ein. The’ 1 nn I Ner- asse
uné@ﬁﬁﬁl@)by?ﬁmse slgaﬂbﬁta'n ﬂégag?%célﬁlﬁﬂglﬁmaﬁ&ﬂ dis¥adsedn Alentifies
u as e e, .,.In the past, no
| SP?%@% AfaR, 8@%@@5@@@# liger a5sembly)| correspIding: pregegxjst in aft panel
asdefiblict ofehdrBGind & a | S ' :
accor?‘ploi shednﬂﬂl%yn r eér%g%lasﬂ §§% r%%l%g%eelrr%ﬁ%lﬁg& é%}é@g}ﬁ .CF%" >6,

disciawed abpyerto axlsichithiy distossige &salsd appliiblé, 0The prior art practice
80

| at e epair of the_ jnner |liner assenbl ,
enilEd SB35 h6 BT ekt axsmbbSmb peplescmmBtnt thsyentire ‘assembly,
disceaimothe ibn ] Ledt]

Al b0y DA A B s or s,

- Patgat biep| 6, 8477 Dyo fHarper peabvissugd t May i, t 20030kl psigled to the

i,on 4 by cytting.it fro he combust or_at joil nt
a0 82 PGt inveRtion, a9d” L. Bty o rifini 2R ssued o
Enlibaniwies i§saedaute 94, 063 N9ls6 Sashi tssiBRLE of SRl
. forward to forward bol t’ fIsang:;;elglé'liilc?Q%\%13 r?gilggéef (c#r: r?;l\geld8pesent
VERig ggbe peRentHovention, utilizes sahé vf flei tethiiques dfahendtbse patents
for salvaging panels to salvage portions of the inner liner assembly for reuse,
specifically the aft panel support leg 88 and the forward flange 81, as will be

discussed, so the teachings of these patents are incorporated by reference herein.

The inner liner assembly 80 is a complex part typically made of an expensive

- material, such as for example, GTD-222. In the past, no techniques have been
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along the thin, uniformthickness of netal aft of

nugget 82, as machi ning preparations for reattachnment

are nmore easily formed in this relatively thin,

uniformy thick netal. This renoval is perforned as

se i forth in the prior art by using any convenient

a¥dt aﬂ’i‘h@ effpatzvaly repsinghre mnet histremsbnafly 8D swareghingvats iecomplished

r.hiner asse af t oint 1,
bg\gl&% | nc(lrl é&’es e}ﬁl% of thg |eg{ui§dﬁg?rqb}n§é P%;ﬁmgty ”glij presant invention
cmﬁgmphteﬁﬁrepaf of the ﬁ{nef li8et 08 serhS19180Na Bt raRdvA ftonk ﬁﬁeéombustwn

I?u or‘t% 88, .the aft panel Support leg 88 is cut
< jeing, feeubtichelipagelcteetonride mEnlip a¢glgn 86 @tndtaft seal

flafgdHegidn ST e[‘lﬁ? id écggmgﬂsl{eﬁg))) e %eglloé%ggzgxp ﬁiﬁfgﬁ% Bancl region

bet ween j oi nt can
84 byl angting ndtono mhey combrdlslmr ftobint uane%wé 80i WintSA calPBk cut at any
e

SR ostridbofof o e Refes Thdh walholhtpion et to forward
. - beledhngdd SNaRd ﬁﬁ?'lﬁrfoﬁﬂed ﬁtgﬁl EtI Si 'I@ow&?&? tg@ggﬁ’ f]})qgt { Normed

nul ti- hol e panél region be re ese

alppg the thmeum@mvﬂmewﬁmﬁhhﬁé nﬁmﬂtggeasz @s rdohindg ptdppratmns
for

d_aft 87
fo Akt 0K B, iR i SEPe ot T eVl iy gt gl metl
This deradtal $@folinad a8 st FHHR th 112 4 ﬂ@ﬁrttb?/ s \A&/&@J A(%‘Lﬁement cutting

machi_ned or fornmed as a S|ngle
megnspdigiyeyer, dpsteashef dis¢andimgdho portmmfrthd ininediiuércasaéhply aft to

jofid, tuﬂf?& ind uﬁ@g rﬁu?g%t gﬁ drﬁgf%ljorié%b%/fh Ih\ge r!ﬁgljlo?lgﬁﬁs aft seal flange

br az ormas

regmh r&?(mtletﬂ padeh@ippaft leg 8@%& @ﬂtpaﬁﬁ%ﬂﬁ@ﬂ R dR R FORhe aft
n];entalggp However, the aft seal flange reg| on is
pan: Wlfwl'ﬁfeﬁ@t@uﬁ r¥9° at metrﬂt Fhewbertion vefl the inner liner
I r af,t patt le 8 1s
pr ov??o\é@vtvl‘g £ %{P'Ld} ? aﬁ%%’l § %”?ﬁe?)e Q{SCTIaF‘ﬁt 1% H‘Cg'légﬁﬂot only

multiehodé parelipepiit 84, lbagalss aamr? r@éfbn%@%hd aFRBASES 'régioﬁ3§7
to be j oi ned, formngavvedjomt vvhenjome

| ar | repl acement multi-hole panel region 84
ng éé&g%gt

Gnzbe gensed,whie ghe aft tsealf regiend7, the aft lip
regibx'l R 441 tHe ﬁ&ﬁltpﬁolje%aﬁgfj rérgg orf 38 ‘H;%l eé;ﬂaé:ﬁ} asflgegeﬁgegns are

at joint cour er “pan
proyidesl as lpplaperﬂent mparts.aThe aﬂrﬁp feghtint &9 aﬁ(ﬂﬁi 880 Yian, @regmn 87 are
forﬂle crldbed ?ff S ac rrplls ed, When the nulti- %
A BEgyided % selepitedThoaf e rogiandh i sl hEnge region
87 Qﬁ@fﬁ@ |1ﬁrit1ale wek nla(i’'OPtfoﬂnzezfllc & Fg gﬁet gz!u'? ' ‘1"‘&?"8’%’ Egese items are

mul’ti - hol e ‘panel region
cm@ﬁhbﬁ)fmedl ors neichined dindividuadlyond dent fpigedVdgdiliRf Chuch as by
lip

wel G GleindlTS ks Shelirant Koratgagen fgbeeuid ds st an
- im praine dodtret Jleth%fﬁreéén? u?t ot S{Jh Sﬁo@EYééoﬁ{ét? ﬁ%ﬁ]ﬂ&%? region is

econes weld joint 2
progidedrwigh ajvmldl |png) theme 3¢ mdiicintvill begrideeld ]@uft@ nsikigarly, aft

s 1 iy bSR3 E 5 45ehehh PO B i sppor
leg 88 and aft seal flange region 87 to be joined, forming a weld joint 3 when joined.
Similarly, the replacement multi-hole panel region 84 is provided with a weld prep at
its forward end allowing it to be joined to the inner panel assembly at joint 1. Of

-course, inner panel assembly also has a weld prep formed at joint 1 after the above-



hol e panel region 84 is be joined to the forward

portion of the inner liner assenbly to formweld

joint 1. The aft panel support leg 88 is joined to the

aft panel lip 86/aft seal flange region 87 to form

weld joint 1. Then, forming weld joint 2 conpletes the
deseribed cutiip @ccoaqémhd:ﬂ YWHén tiiuhuhi-hele paed wei6e 84 fi9kvelded to the

it B lsBRR0, GRS i Aareah i Boh e amlihofe pancl ragion 4
alsd ap a0k élt rep RﬁmeQVaQ nal it leR8 %He%ﬁflﬁg Qo ddh@@ﬁkgxrep Yormed or

the repaired i nner |iner assenbl

marijaed ingha formard mde@f afplip etgien 1861 almpnng mbhmlnapm p&ekl region

t 45
to Bl 35the ARG Wtonhs b i, AR Bpcopiss CsliIDing 2 after the
weldnisUstrneh) Tha Mﬂwrof'g’euﬁﬁg BiesB)elGRMAOtogBBer to fcfrrx;/ the repaired

accogl i shed. New make conbustor |1 ners typi ca are
@ BP bries imperert | Bor examplen andasispreferred, the multi-

hdi@ %’ﬁé‘?tréﬁloﬁ B«?TESL b;et Jg?{sed:tg %hésﬁ?gr%ﬁ (g?aﬂﬂﬁ ﬁ]gé{l{la?er H‘Ie‘rr I%Eﬁﬁmbly to

- formgreld goiptek. dfher 2ft pnrrekﬁhpli@asleg 88 lilspj%hiﬂdh@ﬁi%afﬁ}s&{ﬂeﬁﬁ %8faft seal
the_aft panel support |eg 88

ﬂag’negg l%‘!fgbilgé E?E‘?\%@&?‘d” eﬁ@uqm% [ -algendorming weldioant. 2 Sunplsies dhe inner
lirieR AS¥erbl 8D, %ﬁedméry egg E%P@oﬂﬁﬁg ‘héézfg el hgnt?eg%y Bé 0ed to

repl acenent nulti-ho panel
forna ghoyinngslinerdissemeblnfR0. The ainpﬁi-tangmme@mm &/thabtheahrdfile, the

act.ur e fromt sarre ter However t he
ovREIRRRR e Dt S e P aicahier D opgbiuiallsithin key
dimesdionat tfestured Ner EROIAGHIBPhe Whalrbd gﬂ%l ?llfh%p %lssén?rﬁg tp the

84 and the aft lip region 86/aft se ange reqi

COW&VS‘B@ 4Sneil nstadletient off r then mpyireth cembustort tmaforﬁamheb eombusuon
e ial of the forward bolt

i.hed to the
ange ‘g’agr(ﬁf"%f"t‘?e?FCBfn ‘nner |iner assenbly
forward of joint 1) and aft panel support |eg 88

Nave spe t doweHuytor dnedrspidalihase Thddudh g ed HoRs 'oﬂl:: §na erial. As an
5@ erties to _survive the harsh environnent
cx H@er%@ﬁh"é@fofmﬁ'ﬁe ferorthe s GEN @hemhemuféiﬂuredﬂftmn Gfi]‘D 222.

0) repl | ti-hol e panel re on
Cogrgiélsﬁsg tiygfpcﬁﬁ%egn%nf}ﬁg%mfgcﬂn% %)-P | nic el base
supepalidfyac tiurég the efueHibhmda $to '

B i T 0
for&’&ﬁgg %898%§l/ pEsgensedo S o m@ngrdmer iassembiy 8Osights used in
t 9% ghroni 2 ni ckel .

the%%@ the ’éeggﬂ%élpg%{grg ﬁoclg 881&?1 l‘r'%g% utbﬁ aﬁ ii@otlﬁglago/%6 and the aft
alrﬂilaggen e@on 8D ensly zﬂso’l% SharivERtured FRIH thé)sa}n/e ﬁﬁié}fé'i‘ However,

th g%qloant hanum and t he bal ance cobalt and
¢ ‘H’&“ie'&é]n\:‘%ﬂd Frihpee werlacemen epastp dsinpt sxréstrirged. oTheSepBi8ement

R{-BbR nf € re are several
muadvantlgdggls gf‘o sgl}b&{h 1hut i'hg? g %lo?ﬁgﬁgﬁﬁealﬁﬁ iT§BloNg7 may be
manwcorédfroml anyahstetial thatlef£beé ichfipatibly joined to the material of the

forward bolt flange 81 (or portion of the inner liner assembly forward of joint 1) and

aft panel support leg 88 respectively, and which has suitable materials properties to
survive the harsh environment and temperatures of the combustion chamber 30.
Thus, for the GE90, the replacement multi-hole panel region 84 and the replacement
aft lip assembly 86 may be manufactured from GTD-222 or any compatible material,




upon the operating conditions. The repl acenent

material nmay be nore readily avail able than the

original material. The replacenent material may have

better high tenperature properties than the original
terial. The re Iacerrent mat eri al may be cheaper

syqhaAs kample; HSniis, reneh gl a CQbaIt—h@SGdewPam@marhavmg a nominal

Cmﬁ)g{ﬂll‘g{ Hq%elgﬁl na i nne‘ll(ﬁaciwlt ﬁZg /t %gtﬁﬁll%y oéﬂ'g :%‘?Q/t’ H}I%kel about

léﬁ’b’omngetnn, aﬁmut Gmpnro&@dboﬁt 2Wesmianigdnase, Bb@l 8.4% silicon, about

OE? ar'Sh b"% tlated by renmoval of the forward
parpp, Jenthit apd B balance gopalt and é@l@gtaﬂ —

Th@@?d:di\ﬁ@hohé P&ngﬁ%gg@ﬁﬁé £0- sg%&rplt fnf \ng @8 l'eg? Cseveral

irst the renoved forwar ange
acb@.ﬁ@ges; Qﬁ gebstititing B @iffierentcinateniat] famnthe (hr[@m()h@tﬁnaﬁf‘dependmg

nded t hod b | di I d
ubdht (L SORIRRE OndIRoRS , Phe rEREcanisl mbaioney b, Toweasadily
awsilableaBbarl thetdigird indtérall eEieORpRBedbnit i
the aft |i d}%lgl on 86 i s wel dedeatnll{q%e orvvg)r,g ‘c]letteézhlgh

te{rwgram}'ptnrmﬁ;q@ thathhe %@n@lmnswmab phe m;d@entehEmatenal may be

| t
cHisipt et &€ ok ERAPASIRY, of I Spliftmen erioliiy B st eagkadle
_ thamyhebmmaalfmatﬁ‘ﬁﬂ Wh@ﬁhaﬁﬁﬁ@mlﬁ&' &sERbIEH me{h@sCEﬂhBBdlment is

beam n s one acceptabl e nethod and acceptabl e
CoORTH Pt%él%é‘@ % ron beam wel ding of plate

assenblies for a GE90 aft panel assenbly are shown in

Rédfubidheneht 1ﬁnftﬁ@d%ﬁ{9?rms eg}:ﬁ" M & Rk S dRBNar %ZJI Stﬁe aﬁdpanel

aft lip region 86/a ange regi o
SUBPQIp légeRf fivimethafinee hﬂenﬁssbﬂnblgmi(b tWithabferdpas & F{g%% 9Nfirst the

| r oVi we oi nt. such as depicted In
e‘% fﬂ?ég ﬂ"lﬁ’?tey %A B%‘gﬁ%ﬁm Ingpnpertt lsg $f erergleaned and
mgp@bféang operation, although other joining processes
such as for exanple, TIG welding, |aser welding, or

ot her acceptabl e wel ding process as well as brazing
Asnihg reromygensled Thashod of wpait ie g méldmgeweml prephadeeprpeided to the

d t th | d
att BAbOpb i 15 08 i bl asdy sebioms e searemart, s te of
liptrb
ip ;n%()% ISg% gg{dgﬁ {ﬁﬁiﬁﬁﬁr&m&h’ﬁl t208%19 n_?tﬁﬁ %B&E[%\%el xggﬁ)ggé%ﬁﬁl%gproduce

they Ebwarigd replacestent lspaneuart, -ihdd ecquesaey to epgm\adle a4wéld Iﬁxep nat its

A T R A NN i
bedmn Nﬁﬂdlhg Iikedine ﬁ}‘éé;]ﬁﬁfﬂb}fn&ﬂod Ehg HE&Pﬁgg@Pb@tp? n%éqﬁ)r clectron beam

- repl acerrent aft 1ip r@%&on 86/ af e regl
weghmg pf plate assematdies fora GRO0 off, panki asbemhlwams}mdmmmgme 4.

aft support leg at 96. This is shown in Fi gur e 3
A %g&%@mﬂﬁﬁggﬁé@l\? ?éﬁgcg g%éioh%gf S 4 lip %gqgrg sb R sl ﬂange region
87 are supplied. The aft end of the multi-hole panel region 84 is provided with a weld
joint such as depicted in Figure 4, and electron beam welding is the preferred Welding
operation, although other joining processes such as for example, TIG welding, laser
welding, or other acceptable welding process as well as brazing may be used. The
forward end of the multi-hole panel region is welded at Joint 1 and provided with a

weld prep so that it can be welded in a manner set forth in the prior art patents, U.S.
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flange region 87 at weld joint 3 The repl acenent
mul ti-hole panel region 84 nay be a forned plate, a
casting, a forging, a sheet netal panel or a

fabricated (wel ded) ring. Typically, the nulti-hole
panel region 84 is in any one of these forns. However,
Patgal Bipt 6,009 072 gndn.86Patypi Nal 6,581, 285noThisewaldiagtofrtke forward

.. The multizhol e. panel. reqi on 84 can be
ot S MR RUIE rabe sPtud 54 §o PR or Bt Sah By Geicallyy but ot
nécessaeil yjasl thentaet PeEl idcomplithdd, & lchiplde ttBrAfhimdnt Bf inné:r liner

sl;;%g{)&n 86_as the first welding whichis accorrpl ! shed. _
a p?é)r t Kignee hdepiety hecreplagementrafvlip yegimNBorat Isealifragge region

SPYF Lild -ng t: veptional, machj nj .
O e ebsent bl g bl RAH DY ER ShERLIERE B B s shown
invFighred} stherdin dhe oft sitppirs heds@pefdintde® Muaft Bp t&Bon 86/aft seal
ﬁWel op nﬁ gﬁegatio.ns, the apertures nmay be formed by
A8y TR BAREWEIdIOMEd after wel ding. Although the
preferred nmethod for joining the conponents form ng
. Thdeepleietichi shaaraid i Ybd rjii.ng :
wel é}g 1, 2 and 3, Ff)zé:th?g% OQE:)%@&H c?é %n e%(?nﬂv\%P’d?ncéi,Stmg’ a
forgingra sheehmietel prnelairdi fagrisated (weldedisang wallypically, the multi-hole
inert _gas din TI and other. gas netal . :
pebIEEIGRTRA B e Bfie PEMIRRF hrtns: lenots gt lip Frinom 86 pically
is hlotr misufhdtered EF@kdqflate0i Ni ng restricted to wel di ng.
For exanple, joining by brazing which acconplishes a

sat i sf a(ﬁtory joint is also an acceptable technique.
Thg fpultighqle Rapel regiom B4 gen haprepared swith hdles orapertunisdefore or after

it 1@ivad i . . | tical di.nmepsiops of the. c .

B PR I i B 46 e b T B E R B el fingyvnicn i

acepmnplishodh UBltel aperiuhandrertypiQally Thighedub§ BEMOhadtifing Wy laser
Jltne%gﬁs%nb({% 80 exposed to the hot gases of _

drillipg, qUfowsh conventionsl maghininedmeihofs may iadsorksl utijinedi &f there is a
£&RH 10 ek rrier. coatin

| cstst emﬂhrr;(gﬁggmgpgf fdglgéﬁtg g Jgggtﬁ}egf &l%eh E‘O ?ﬁ%i“ﬁ%‘f}gl operations, the
. apetwremay be4omsEl yoany desivagentthethbd BRér Wi, assenbl y

80 exposed to these hot gases at any tinme, it is

referred fha e.thernal barrier coating system
ARRSE e eterisd prshod REioipinedhe sempensmi Hemie be refurbished af
aivé? laBienib19 RED A ibRN S A LSS S reldi
P manner , ?he tﬁher ma'cf’r ba(%rgga}:%g{rlﬁﬁg}e 3sjl’ybssjt éelﬁ%tgéannb%aén welding,
othgppicthad 3 sioff “%eeltbngl gich adesmmm?g,auh@t%ﬁ ia?ﬁ gﬁ@ witlding (TIG) and
ral i of _oper at ne for each of the .
Oth%] ¥ me |arg|%¢‘i§wss@§%ﬁx frehpigpesscan plso denvtilizede oer §s the
mebRACOr fiifithe MsiididdN® WARHiAR! MR’ & oat liNg Ry Oy
provi dgdt hg required gdr%g{le ti%ﬁ %&grﬁ{ psl(?jr]? E’ﬂ:@g b§(e§1|toag£a§dwm°h
accogplishesh ot satisfrotesy i joint giasalso afhiataptabe iteuhanjucon A18s joining
tecglﬁgo% %?é'ﬁl%é B:?ee?i t\ﬁ"att Qonrtl%flse Eh%po(l:"goﬁ go ?harg rtﬁef: glr*i{iga%l dimensions of the

inner liner assembly 80 can be maintained for fit-up with combustion chamber 30.

The surface of the inner liner assembly 80 exposed to the hot gases of combustion
must be provided with a thermal barrier coating system. Although the thermal barrier
coating system may be applied to each of the individual elements 84, 86 comprising

- the inner liner assembly 80 exposed to these hot gases at any time, it is preferred that
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wi |l be understood by those skilled in the art that

vari ous changes may be nade and equival ents may be
substituted for elenents thereof w thout departing
fromthe scope of the invention. In addition, many

modi fications may be made to adapt a particul ar
thej thgamal drerder cetiogi btetrobe hepliehahitigimef linbeassembly 80 after

we U s apE beS Fplele o e pnst, ey bermaldraen e poating
sy3tim bah be spplRd ik Q sidg‘l’@oﬁ%ﬁﬁdrpﬂéﬁé[— ioneelel M&i{ﬁéisﬁ?lpazﬁﬂs one

as the best node contenplated for carryi'ng o
for ppehof dhe inslividuplaelempatsi and the wrldeiwill sinniltadeovalyl be covered

' l i .thin the .scope of the appended
wRITRR Y S Rin qaRod sl 14 iR IR FeabirpfiPRap Rl ngfor surfaces
expossilistthehotcdvatthistionbases.gas turbine engine,

conprising the steps of: renoving a conbustor fromthe

.“%ﬂngﬁstion_chgnber of the engine' renmoving the entire _
e fmviation, Basbesmdeperhich wikh eefetsuee fon peefampd embpdiment, it
wif beundLsv6d By RRdsk sidlfbﬂlqtﬁ:th%] (Qﬁ éhﬁq/%ﬁo{lé Qﬁgnggﬁ %1%&%/ ade and

further conprising a nulti- panel” reg
cqpivalanirainay el subijtisated fort dembets Horvevtiagt deparang &oan theascope
istal .end further conprising an aft |lip region aft
°fg4’§ ﬁ‘h"gnﬁ?ﬁ-tdlf‘-ﬂﬁgrtsmpw hedifiggtions snagt be mgdg|to prapteparticular
situe@irOBr edi€ridli 100the refBRiNe I | QF %{éﬁ?ﬂ
panel support |e ext e%gasi %{l}erfgﬁﬁt e g@@g@g a%ggm the
esyeagplosrope draeel ﬂ%gretﬁbre, b tinteindteid ethatathe | invegioamok bemimited to

| rhiner senbly aft of th forward bolt

thg el S‘é’%&?‘é’%ﬁ“ﬁ?‘ﬁ%@‘!?ﬁ th Bt madg soptomleted fomsarang out
thiafihveneioh, bitahgethe aavamiondiBGALHES gl tehﬁ)o%ﬁﬂa{tétfgﬂn within the

mul tj-hole panel region, the aft I'ip region an aft .
scapeQf the appegded elgimm: provi di ng a repl acenent

mul ti-hol e panel region and an aft |ip region/aft sea

flange region; inspecting and refurbishing the aft

panel support |leg and the forward bolt flange;

joining the replacenent nmulti-hole panel region to the

repl acenent aft lip regionfaft seal flange region at

an aft lip region joint prep; joining the refurbished

aft panel support leg to the aft seal flange region;

joining the replacenent nmulti-hole panel region to the

i nner liner assenbly aft of '
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the refurbished forward bolt flange to reformthe
i nner liner assenbly; and coating exposed netal
surfaces of the reforned inner liner assenbly with a
thermal barrier coating system 2. The nethod of claim
1 wherein the step of coating exposed netal surfaces
IMes coating the replacenent nulti-hol e panel
region and the replacenent aft lip region. 3. The
met hod of clains 1.or 2 further including the step of
F-ef ur bi shi Agnethhd formefirbishingm c@atbastdy clakibeobf 4 B& turbine
forward bolt flange by providing a weld prep to the
diginey cemptisingtheestgendfl y aft of the forward bolt flange
where the inner {JTi ner assenbly is separated fromthe
Vg R rambisior from hegrpmbpstiqn ghamhen of thsrenging; one of
fehRviriceged | e ' e f ..inspectin
and r egfe ur %ling %l: gié{éjf @ea télgﬂg\ efrglglu%%odg’fn %ugéonaﬁlgm’fcl?% it of a

foswawdr bolb dlangd,| thegiener Bgeroassbublyh @irtlied CowdRiing a multi-hole
rbishjng the thermal barrier

' ti .and f )
ReEEfRRlon g oo imal g pdis et tor Bidorvand tobr Yeneq wdia distl
- dndafogRer’ @@hEindan IRSiP REDAGOSS 91@34?191@9110% Eupa(f region, an aft
wh p o Rt ngg and™"

precedi ng claims wherein the ste i nsp
seek rngedpging extradie frpartbe afufpporion eyl andfitphaclf wppeit deg

. .on. further includes providing a weld
eggggu{g]oﬂ{}%gjea{ff%%?ga?%eg’iegwnvmere the aft panel
sepeypiinig tHeemultbhslepsmal skid i |
fé‘%’%i ‘?rg W%@P}Il-he rre?ﬁ%d gg% an)%gﬁo?ﬁ%rhgﬁ%r%ﬁgée@@%aﬂ of the
[P0 &hn the step of joining the replacenent
s reqi inner liner. assenbly aft of
Bk S SN0 05 AIEL A LT sl ol
djsoating the sEperateet fHodti-nbleapnePRIR, thé %ﬂHEﬁ?ergqlérP Gnd aft seal

ﬂr“;?‘lﬂai ms. wherein the step of providing a replracenent
P18 e panel region and a replacenment aft lip

FRedaR/ I hon .includes providi.n he
pa(?{tgallﬁlE pa ?éé’%?%ﬁ‘%gin H‘{ dellﬁ?lg geeg "SGR a?’ég% ﬁﬁalép 5eg1g1?/ﬁé| sgal
fiangawedigpart. 8. The nethod of any one of the clains 1

st ep of rovidi ng a repl acenent

.10 6. wherein the
“ﬁﬂ?‘%ﬂgﬁ&fi éetgabdgvmg i Qﬂlpi’dwﬁswppéd%m&omard bolp flange;
idisigbOiNe Al r region i-ncludes praoviding the.
. af t gI i S r ggaicgﬁl%g{néﬁ gl? tr}g) g%&f%gFllog%%n rtggﬁ’(?n??gace%iﬂgﬁ;{ ilp
- Tqgany aft seab fengeeriion 4t ah agdiphregiehheint pepyel di ng. 9. The

. et hqd ohug.nﬂdon of the clains 1 to 6 wherein the
. 30&185%& 1shed att panel support leg to the aft seal flange region;

Jjoining the replacement multi-hole panel region to the inner liner assembly aft of
. the refurbished forward bolt flange to reform the inner lner assembly; and
coating exposed metal surfaces of the reformed inner liner assembly with a

thermal barrier coating system.

2. The method of claim 1 wherein the step of coating exposed metal

surfaces includes coating the replacement multi-hole panel region and the replacement

aft lip region.

3. - The method of claims 1 or 2 further including the step of refurbishing

the inner liner assembly aft of the forward bolt flange by providing a weld prep to the
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providing a replacenent nulti-hole panel region and a
replacenent aft lip region/ aft - seal flange region

i ncludes providing the aft lip region and aft sea
flange region as separate parts subsequently joined
toget her by brazing. 10. The nethod of any one of the

. in l.ai rther including the steps of ]
‘“Q%‘teg‘gqi aﬁ%ﬂ?ﬂ% aﬁ?é‘?‘ﬁé%“ﬁ’%ﬁ% gPJHﬂ%F vehese Hs| ipnerdinen @ssembly is
sepanidsiierh theud 11 ARSI Bhd] Rékiod,Ne combustor in the

engi ne. 14 METHOD FOR REFPAI R AND REPLACEMENT OF
4.COVBUSTORA4 t hod .for .repairin

a damaged po%n of & @E‘%%Pécﬁnﬁ% (1? IW&W%%%E&B?)?%P of

ingpesting tand crefurbishideg sthe exfopaney supporc A6P sH Qhe foAME HHAS flange
I.ng the combustor to

i engi ne.. After ipspectir [ ]
robiSh RferaRTRARS idccfle et BR R it sharmah b canging system
appliedto dtilast hRI5AMRE Yolt 1A d includes renoving a

cracked inner |iner assen%l y romthe conmbustor. Then
5.the portipg e, fi ' I .cong@ri si a
. multi-hole gi;?te}%?laroefgl n{méalﬁpget sﬂsﬁég‘gﬁ%éa 3 f%i?gﬁe step of
inspegiing ad gelurkighiog thedfiapared tsupperelleg aud AR Forwesd BoR flange

ted fromthe. inner |jner assenply. The
reﬁgﬁq?t@hea luécllb é}FOVl?lléléi 3 e cpite thy zgt ligym'@’l wheregheaft panel
SUBRITEIGE if Yphrald HoMMhE seigAg: Weldh, Lhe aft seal

flange region, are discard a new aft lip

6. r egi on/ af I gl and | tj < hol anel
_ region 'arjtehe;flgﬂ\%ogeg. sh(;en%nééfsv&ﬁa?rfagedﬁge CiaBP% évgle%é“ %I‘FeStep of
Jolaing theneeplacemppontulti-holearegidrheo ithe @hndri Rh ASSERD! ¥t of the
for@JtdBf E}orvvar g]&gosl]%) flange region after these parts
a0 bl Hpmgesnelydesiogming fufirst josts  assenbly is t hen
reattached to the conbustor and reassenbled into the
7. engi ne: Hihg. method of any one of the preceding claims wherein the step of

providing a replacement multi-hole panel region and a replacement aft lip region/ aft

seal flange region includes providing the aft lip region and aft seal flange region as a

single formed part.

8. The method of any one of the claims 1 to 6 wherein the step of
providing a replacement multi-hole panel region and a replacement aft lip region/ aft
seal flange region includes providing the aft lip region and aft seal flange region as

separate parts subsequently joined together by welding.

9. The method of any one of the claims 1 to 6 wherein the step of
providing a replacement multi-hole panel region and a replacement aft lip region/ aft
seal flange region includes providing the aft lip region and aft seal flange region as

separate parts subsequently joined together by brazing.

10. The method of any one of the preceding claims further including the
steps of attaching the reformed inner liner assembly to the combustor; and assembling

the combustor in the engine.
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