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 conmbustor |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 gﬂgEgJﬁﬁgggsed 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
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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%@%@@iﬁﬁgﬁfﬁ%@@ﬁ bi ne section of the engine
behi nd the high pressure turbine. In a |low bypass
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flight, nmost of ‘the air passing the fan enters into
CONMECSSBIEPRIB 5% 6PmbyRiorasection e nuxing sthe ddaypressed air with fuel and
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aingrats and an irbtst 6pction 18 whishdhe remeining k@ngnset ef combustion of
. f H H . -
reiRE8 BBl e o bV B A pe R YOO AL B¥6Hon turbine

enginelfofther ihclobesnel aggeofan eypisgiBolotatedid ftokthsf thEc@pressor. In the
curée&tg)lé_l){ manuf act ured by General El ectric Coggany, It

casg gba et Ah |t kg i driyen byt prsond tuibBien &yrivadiyfe low pressure

turbifed, $6HaRd iRLRE furBing Re RESEE Yh gfgg Gbeﬁﬂitg' tHE $hi 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: gHppEsLg, the RIS CAMPIFESAyiang an AUSRarer Bsadded to

su gﬁlggtnpﬁy'ggég?? aCRIZRUSYAEs tBSAnORRBIRS SEdidl tyi¥dllyS used for

subsonic flight, more air flows around (bypasses) the engine, contributing 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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1 at a high velocity, with low static pressure. The

diffuser at the aft end of the conpressor reduces the

air velocity, increasing the static pressure of the

air. High static pressure and |low velocity at the

conbustor entrance inproves mxing in the conbusti on
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fal R, BER el riBingt Ordng ot peon e Areeldedar bolted

- togdfittran out er structure. Cooling air flows al ong t he

exterior surfaces of the conbustor in the annul ar

regi on between the inner liners-and the inner
Thecpmbuster liners ferm 2 pubstansiaBy Ql@ﬁed)dﬂl(éf typically annudar, that channels

t bili t t he onbust
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the combustor liner. In addition, dilution 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.




coat and a ceramc top coat to insulate the surface of
the liners fromthe hot gases of conbustion. 2
Combustor liners are formed froma single panel or a
plurality of conmbustor |iner panels that are wel ded
together. The liner is attached to the donme assenbly
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shrinkage. This is unacceptable as the exit throat
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o limted
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f e adds to the val ue of the |iner. Thus, it
reqngmg @ﬁpysa Ptem@)s%e@‘f,g{ @pthg applisasipn, and the processing involved in its
manufacture adds to the value of the liner. Thus, it is desirable to develop a method
for repairing these liners, so as to salvage as much of the expensive liner as possible

and limiting replacement material 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.

3




for repairing these liners, so as to sal vage as nuch
of the expensive liner as possible and |imting

repl acenent material as nmuch as possible. A nethod for
repairing the liners is set forth in U S. Patent No.
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hol e panel region to the inner liner assenbly aft of
the refurbished forward bolt flange to reformthe
inner |iner assenbly; and coating exposed net al
surfaces of the reforned inner liner assenbly with a
thermal barrier coating system 4 Oher features and
advant ages of the present invention will be apparent

mgt he fol | ow nore _detail ed description of the
QST SiPas e G hEReSs T erbiRient dpygmiine Vi baisparemetrom the
 RUCHMANMbRY divl NascHplish bf | st \E;Péf&re@yedé%%éggém, taken in
exanpl e, the principles of the invention.
- ERSERIAT MK tiFagempaRANE MESviRgy whechlilligrate, byvetyaificxample, the
. ' i ass gas turbine engine. Figure 2 is
é?%%@géaégng%ﬂg%gvieMIof a typical conbustion chanber
having liners with nultiple film cooling nuggets.
'BREBF BESCRIPRION @ THEDRAWAINGS ew of the inner |iner
assenbly of the present invention having a single

A1 m.cool i nugget and a multi-hol e cool ed panel.
-ITt'—'E&‘i?rlels&‘ cheqaat&(%gastyg@& high hypass &as wbinpenging. panel

flange region, including the aft panel, aft lip and

- Eigtde % 1sa@6ssHeBGorl vidhEo Pk B cb Bﬁ&fdnoqﬂam'bgroﬂ%gﬁners with
the aft panel, aft panel ['I'p and seal flange aree
mypitinle il ordoRIEEEA@N OF THE | NVENTION Figure 1 is a
schematic of a typical high bypass turbine engine 10.

: terl] t he epgi ne i s.shown 1 al ong . .
e e Crbiieofnsl S SEMeIEntdineT ameaolypt the preteg: invention
avingenghgle il copiag higpet hANA nfid hbR co%%?gxﬂél. the air

enters the engine core 14 and is direct to the

ﬁggprgssor sectiogn 16 where it is cogg;essed, whi |l e
HIRRC, & A priders-sestionad yiew i dhendi panct Slange Temion, including the aft

ape | rSo.t Qnbustion chaober, sho

BRIkl Ao S B P R ER TR E B A pancl, af

pganehhip bred soal flangampes0f the fuel injector 18 and

ignited. The hot gases of conbustion proceed toward

_ omqust i on chanber past the turbine

| égﬁ&ﬁgﬁ Iﬁ%&éﬁ@’sﬂgﬁ\f QR HE IS VENETION bi ne rotor 20

where turbine blades 32 in-the path of the high .

- FE&RSUsS: SReRati0br & YRk i t58i12N of YRR 0810 i
eel's Sqr di sks1 31.5?%%%3%'1%&%{%53&%?%@&1 élgqus Iencgﬁgeﬁlme of

the, engige is shown at 11, along which the engine shaft 26 is positioned. Air enters

the engine 10, passing front fan 12. Some of the air enters the engine core 14 and is
‘directed to the compressor section 16 where it is compressed, while the remainder
bypasses the engine core. The compressed air enters the combustion chamber, shown
~at 30A and 30B where it is mixed 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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turbi ne blades 32 turn the wheels 31 which rotate the

engi ne shaft 26. After the hot gases pass through the
turbi ne section 20, they exit the turbine section at

21 and enter the exhaust as a | ower tenperature and
pressure. The front of the engine is referred to as
tyrhinertlades 3 twrthenebacksed ewhmbabtadé thenengimegitag 465 After the hot
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. to the aft panel assem%;ly 60 of the CFM 56 engine, the GES0 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
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of the CFM 56 engine, as well as-to aft panel

assenbl i es of other designs have the sane type of
configuration. The inner |iner assenbly 80 conprises a
forward bolt 6 flange 81, a nugget 82, a portion
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flangraeeipn RLes shovehbl y 80 of the GE90 and in the
simlarly configured aft panel assenbl i es of ot her
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Emilianowicz issued June 24, 2003, also assigned to the assignee of the present
invention. The present invention utilizes some of the techniques of the those 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



for sal vagi ng panels to sal vage portions of the inner
liner assenbly for reuse, specifically the aft panel
support leg 88 and the forward flange 81, as will be

di scussed, so the teachings of these patents are

I ncorporated by reference herein. The inner |iner
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joint 3. The porti on of the inner liner assenb
betvveen (r?’l nt 1 a joint 3 can be discarded. Th| S

The 3ff Shppert dgg 8§rﬂa§‘ erﬁﬁlﬁfrd- Wwhile thepkiscalolinga region 87 the aft lip
regdbss (86az§dd {Hepmﬁﬁﬁlhgl@ l%gelape%@'g%clsrg%t id an cgcri.te %tl?egﬁlzems are

The aft support e reuset
pm;@@nd 4s| replgeemaeni |parts 8 The aftdipefezidn 86 arfdeﬂt 6¢nl $andNebgidif87 are
hole nel re |on 84 nust. be repl aced. ese
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871 B8 irflfalP thathined o7 0
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We[&ag rgg or forped as.a_sin However, these
gng 10 ToHR 3 singlerpartor Hﬁ?ﬂcﬂ'ﬂﬁé’ﬂﬂl wdfebrieated iy not an
- impoithnt Fedtule b MNEE Prgl VentiSHC NHER DY, the aft seal flange region is
provided with a weld prep at joint 3, which will become weld joint 3. Similarly, aft
support leg 88 is provided with a mating weld prep at joint 3 to permit the aft support
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-



wel ding or brazing to forma single part. How this

part is fabricated is not an inportant feature of the
present invention. However, the aft seal flange region

is provided with a weld prep at joint 3, which wll
becone weld joint 3. Simlarly, aft support leg 88 is
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rofile, the overall length and the dianeter
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supenaiicais] dbirinty 1 réﬁh@b EETS @.@n@l@sﬂtﬂo%
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therrggl@pg g%ﬁ'efgf these cerlacement narts ipaneso sestrpcded. [Thg l@ﬁlacement
mui?t{lﬁofer]ﬁmel region 84 and the aft lip region 86/aft seal flange region 87 may be

manufactured from any material that can be compatibly 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,




forward bolt flange 81 are reused. So for an inner
liner assenbly 80 such as used in the GE90, the
repl acenent mnulti-hole panel region 84, the aft lip
region 86 and the aft seal flange region 87 may al so
b manuf acfured fromthe sanme material. However, the
&% iSXpmplecHSt IS8, trEsk i eqmcabdn-bmedpwp@sﬂlps Ioings@ nominal
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 din wel d preps are provided to
welding of plate assemblies for a GE90 aft panel assembly are shown in Figure 4.

A replacement multi-hole panel region 84 and aft lip region 86/aft seal 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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aft panel support leg 88 as well as to the aft lip

region 86 of the spare part. As the aft 1ip region 86

is welded at its forward end to the nmulti-hol e panel
region 84 to produce the fabricated replacenent spare
part, it is necessary to provide a weld prep at its
PatgRiRiP d6.568,07Nand &7.SePaerigNong,SBE, 285 f Bhivedelbyigaythe forward

hod lectr beam wel di ng i s one
o T8 LRIt EG0A AR 481 B e il 11 Bpally, but not
naleswatitynis ieamst weldhdgnplisate BspRIdkBDHidtient oFaIRr liner
af t el assenhly are shown in Figure 4. A
| aﬁsgﬂpg' guis f demiets the sealneemerigifohp Sxgiem86/aft tsedliflange region
87 864 I . j 7 are supphjed, . Th
o Fo e RS o yhlAIPBAERLR, of Fubfu BRBP b6 Oltiadg Shown
inWfighrea3 weietein jthé aft sappdrt 6 88 @ iRl ioNthEi GUGE réaioBY/aft seal
ﬁeI ectr.on 9e m wel di gg is the preferred wel ding :
BIREFREPB aﬁ?"’?ﬁgﬁ% ot her joining processes such as
for exanple, TIG welding, |aser welding, or other
- Tiac ceileqit WallGIHAGE j bf.34 Yy, be
used. The forward gwgﬁgfﬁ?ﬁégi%gl %%gﬂ%lﬁr&eai%ﬁhng’ a
foraingyed shegt metsl panel or aafabiripatod i(drelded) tihg.a Typizhily, the puti-hole

' . wel ded i n manner set for in_.the . :
pel¥ogloh €A IREnY Ené B el ForlRD Piive™ o thegath B rogion 36 ypically

is bbiSnaReh etted NG fortnddlate285. This wel ding of the
forward end of the nmulti-hole panel region 84 to form

weld joint 1 typically, but not necessarily, is the
Thegay t%@lap%&% 578301 8heen be prepavied veiticholes or dpiestirosrefa® or after

- 4 j ; Figure 4 depicts e . .
e R osit AR TB Bl Pl 1 i rgngonicn s
acgvnplishede Theespenturdsnate rtypieally Wrintdd by E:DIJ/Iri_ﬁQcHiﬁlnghﬁ by laser
ft s gort leg at 96. This is shown in Figure _

drifng lthSugheco ntiqmsheleehing methpds ey e heoutilired aflf there is a
cohédpn IEHE f f reqgi on 87 at.weld jqint

oA oL SPABRAR Y M PO R PR MR Gl e
. apérraethap batfermeal tooaty gvedent medodafteowalngt met al

panel or a fabricated (welded) ring. Typically, the

|.ti =hol e nel. region 84 js in any one of these
AlSph e TR methd B jolning the gergponsets ippmig thy refiubished af
aritd las$BRIY] i -4 he I= el ;:
P reg |S on 8%6%21% T‘g‘g“g% g%g({%g thﬁ#cﬂﬁ,ﬁ%ﬁgg% %’wa%lg?tﬁﬂ g%a%? r\]velldmg,
othgemsthods of afclding sudh asdasee adding,tungstasineitans weldihg ariG) and

e aft lip,reqi as the first welding which is
Othtggé%%ﬁfﬁ g, gm )eEechJéu?Syﬁ‘?lb alsp \ber wilinsd. piyor is the
metHoM 8R§dThideN@s@ictddYtd d2fding Arpdy! ! i '

conv_en??ongl_ machi ni ng néltl%odidrnéa{/églﬁhgc;{o%gﬂ%ﬁﬂ Przaél&g which
accomplishese aj satigfactory joint is also an acceptable technique. Any joining
technique may be used that controls distortion so that the critical 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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concern with distortion of finished apertures due to

the wel di ng operations, the apertures may be forned

by any conveni ent nethod after welding. Although the
preferred method for joining the conponents form ng

the refurbished aft panel assenbly is by formng
thgethgrmai bazwngbasmgpaygnmeba appied ke dier iebdiast WekMbROS0 after

Wil 18%?@6?%%%?'1 QE“’%?‘B&%’H?EP &is %?‘?332@?%34%3@ hrsgie coating
S)&tem vl bk ﬁ}ﬁ)l{e@%\i\)311{g?&9§6r%’&§ra%9 #B3h3A a uﬂéh%(?féﬁ:%ratwns one
Nor is the nethod of joining restricte

for sacly pf e indiyignali elgmiytshaad thregwelds ohill anmbuapd:ousl)ebe @overed

[ SO, an ac tabl e techni
Wi B Ghils S EE OB TR Rt Rfoigren for surfaces
expiostdtotthehotsnithition pesesr i tical di nensions of the
inner |iner assenbly 80 can be maintained for fit-up
“ﬁﬁl&?conbUSt' n chanper 30. The surface of the inner
iSRS Herigh 5358'693@ géhed with efereaee tma @sefgmd embodiment, it

opDSddr e barrier
Yeoat ngrseg(% g?nqﬁ%lsjges O{Jeghhﬁﬁg I\t[éﬂtféz;rlrr‘%f—&)gar r |n SR AL W@de and
equipai ety may b @uwmﬂeé dTOIt dememnth tlofredfhveithowdidepaitiag from the scope

oS T e EOVRECFitg L0t b0 S ALt
sitatediebf ethtéidtto thd ESiddesM Bl i*ﬁ%%ci%r v@@%ﬂf ?%33?%‘?& m the

be applied to the inner Tiner asse

esmha}pmp@ pegraef. dhsrdfiereitlie dntendudythat m intentiohi®t be limited to
her mal a |er coatin S ste can, be

thERARE: oLl RisclFed ¢ fisrbheinge ONHHEA for carrying out
tmphm@lnbnybmfth@tpmeahmﬁsn%ﬂ mf:lﬁae gﬂ%ﬂ?@dﬂ{lgﬁ falling within the

i ndi vi dual elenents, and the welds w S|nu {anesus y
scppe Qfgherpnended eldimhe t her mal barrier coating systemto

provide the required protection for surfaces exposed

to the hot conbustion gases. While the invention has

been described wth reference to a preferred

enbodi nent, it wll be understood by those skilled in

the art that various changes may be nmade and

equi val ents may be substituted for el enents thereof

wi t hout departing fromthe scope of the invention. In

addi tion, many nodifications my be nmade to adapt a

particular situation or material to the teachi ngs of

the invention w thout departing fromthe essentia

scope thereof. Therefore, it is intended that the

invention not be limted to the particul ar enbodi nent

di scl osed as the best node contenplated for carrying
~out this invention, but that the invention will

i nclude all ‘enbodinments falling within the
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scope of the appended clainms. 12 CLAIMS: 1. A nethod

for refurbi shing a conbustion chanber of a gas turbine

engi ne, conprising the steps of: renoving a combustor

fromthe conmbustion chanber of the engine; renoving

the entire inner liner assenbly fromthe conbustion
&er: aft of a forward bolt flange, the inner liner

assenbly further conprising a nmulti-hole panel region

at its proximl end adjacent to the forward bolt

} ange andAaneihed fbr refmblishing tahembastig! élsinitgr 8Na %ﬁsttufﬂiﬂe

region aft of the nmulti-hole panel region, an aft

egike, Chmpgeing dgi tepseoft endi ng fromthe aft lip region

and an aft panel  support |e extending fromthe aft

Vi copbifeam tisomtaTiorchaebaraf the angins; pane|

fef e Qi i [ Ly afit of the

e i e B oL PSS e it P Gehsp i of =

fosgjartr oot tflegaf thesimatr fihangsemblyi Gitthedli dadringda thalti-hole

ated nulti-hole pangl region, the aft |ip region

CHREPIRIOR st proplie) e st Br B farigd doltcige awd m distl
- oml fuithéxoomtRnel af SAIRYRA APoflle hiBIROHAN AdioS S an
flange region; 1nspecting and refurbishing e drt
Sﬁ%‘nﬂ:ﬂngé’dﬁﬁéﬂtext@él%ﬂomﬁhe fabrivmragidobid &l afigenel support leg
oYM ment mul ti-hole panel region to the
dﬁ%ﬁﬁﬂg@g}n{%&n&%ﬁgﬁg@?eeﬁg@m aft seal flange region at
separating thepmuRBhele padeNteghrt Romi ﬂie"‘i‘nﬂ?r H’I@ 4SO G the
af t ‘ifi)gnel support leg to the aft sea ange region;
forsyasd helt fl8BeS:epl acement nul ti-hol e panel region to the

i ' trof .t r ef.urbi shed forward
shpfing 051 ARAIBRY LR R DL gl {0,
dmandﬁngt}mxmmtbdnﬁm&i-hswlfa&@}?&ggcfn, the afiCk P tdmch bADGR seal

iner assenbly with a thermal barrier coating system
D&Mt hod of claim 1 wherein the step of coating

P8R8 Bk FHSLAE0 RELHROA P osin s
flnngd wemment

inspecting and refurbishing the aft panel support leg and the forward bolt flange;

- joining the replacement multi-hole panel region to the replacement aft lip
. Tegion/aft seal flange region at an aft lip region joint prep;

_ joining the refurbished aft 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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aft lip region. 3. The nethod of clainms 1 or 2 further
including the step of refurbishing the inner Iiner
assenbly aft of the forward bolt flange by providing a
weld prep to the 13 inner liner assenbly aft of the
forward bolt flange where the inner liner assenbly is

REPRAR' Sy e Yomisre ol g vheas e s tisen aeseanbly i

sephedatom tSRAR{-héle @ﬁléirégqac)ﬁ”b' shing the aft panel
support leg and the forvvard bolt flange region

4further ingéwiRsod BPIErﬁth@g 'ﬁli](gpfe%f #anld: z{ﬂanrs]q?'hqr%lgstpe step of

thermal barrier coat sys em “ap
mﬁm‘@tlﬂ@ rafd rigfisbishing| the gt pagil Osﬁl:pp&rt 1&'@ endBh& FBrvitird BAYt flange

recedln cla ein the step of
reffd ns pec |rr11601§ﬂ%f lln%?eﬁ ?ﬂ‘ﬁi %&”M’g‘l% the dhermal Bypisoeaatinggystem
applied tdw 168t WRrBred bok kiap g{ ion. further includes
providing a weld prep to aft lip region where the

5.aft  panel Thes HRpYt fro -the .aft. seal
. flange region. 9% e n%@%ggﬂ?e;s Egdl St‘ﬂg’rem%ﬁe step of
inypeetées iand rgﬁJdplnlgng\hhe efinparet sappgrt Qég ah@ltﬂé Herwial€ bolt flange

ene ti-hole regjon to the inner |iner
o sslg‘%e“ cﬁ‘%&%fpr‘?‘ﬂ‘é‘ﬂgf%w Rfcp & therafhlip segion whersshe aft panel

Sulﬁiﬂfrmeﬂgs Sephtat&t bR ithY aft Zealﬁﬁﬁg d of any one of the
precedi ng. clalns mhereln the”step of prOV|d|ng a

6. ' epl aceneyfe n on.and a repl ace
aft lip region aft eﬁ% thﬁglg[ SRS HAfRE Figen t e s step of
joipingvihei replackrestl multi-holeegighm WQh@flﬁne‘ielﬁ{erfdsgéiﬂﬁ?/ aft of the

e f or med t. 8. The nethod of any
fogvﬁgd %Plt ﬁﬁ‘égcclpﬁl:“ﬁ% i%“ﬂ%@ﬁlﬁ th the step of

providi ng_ a retgl acenent nulti-hole panel region and a

epl acendme 8¢ 011| atnﬁgf!mrﬁf félbtpresttdahg Elatng e/hegn dna step of

f d af
B i e T
seal tﬂgggmmgldwmm&lldds p@vuﬁn%]ﬁi%@afﬂﬁ bR oﬁ’fandiﬁﬁ e HAke tfon as a

. cl to 6 wherein the step of  providing a
Smﬁs? - mul ti-hol e panel region and a repl acenent
aft lip region/ aft seal flange region includes
- provi di ndbe eethed dfi gyr et of thactlaifds $eal 6 fWiRER the step of
e rts ub equent | oi ned toget her
(n%lgrké)g £<?p§ace§ne[1)1?mu -hBf pane reglso % (P a re}{)lécement aft h% 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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10. The nethod of any one of the preceding clains
further including the steps of attaching the reforned
inner liner assenbly to the conmbustor; and assenbli ng
the conbustor in the engine. 14 METHOD FOR REPAI R AND
REPLACEMENT OF COVBUSTOR LI NER PANEL ABSTRACT A

met hod for r ortl on of a conbustor
i nner |iner %@&W&&%@%& HYYP REELAGEMENTDVI ng
the conbustor frooFa@@ABUIIFER FENERIL After

I nspecting the conmbustor to determ n%ﬂvwf‘et her cracks

ABSERACM portions of the inner liner assenbly, the
nmet hod i ncl udes renoving a cracked inner |iner
assenmbly fromthe conbustor Then the portion of the

A Bfthod ' TepRRig 'S hingEan PosoR R el bYtan Jer s Assembly.
meqne@maflhcmae@!r ?MBQ%& cbﬁgmgfqg ﬁ%ﬁ?%ﬁ%&ﬁ&é‘kh fie.| After

I nner liner asse

imbecting thevbembustet i w&etdﬁﬂﬁ@ewﬂmﬂieﬁ @reidks %It $n p@h@fﬁlﬁs of the
with the aft seal flange region, are discarded and a

inqiek lier a$ﬁeﬁlhlbgth@ mreshad mmdesmmgmgeegcr@nk%unner hner assembly
AL the PR RAET Tuefthe Balich BE B e ne amgiE odimeriing =
Ao B ot in £ 54l IR EFRLOREL 1 e
supparh&rg r @etsepetatall front te imentimr assanblyr efks aﬁﬁhdtble panel
: rég%z? ztmcF aﬁqgl,nvshere fatlgu% damage typically exists, along with the aft seal
flange region, are discarded and a new aft lip region/aft seal flange region and
multi-hole panel region are provided. The new parts are joined to the aft panel
support leg and the inner liner assembly aft of forward bolt flange region after
these parts are refurbished. The inner liner assembly is then reattached to the

combustor and reassembled into the engine.

Fig. 3
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