*13 January 2005 1 METHOD OF REPAI RING COVBUSTI ON CHAMBER J-NERS 2005
BACKGROUND OF THE | NVENTI ON The present invention relates generally to
conbusti on chanber liners and nore particularly to a method of repairing
damaged transpiration cooled liners. In gas turbine engines, gases are
heated by m xing the gases with fuel and burning the m xture. The m xing
and burning occurs in an annul ar conbustion chanber forned between an

~annul ar inner liner and an annul ar outier liner. A done at an upstream end
of the conbustion chanmber has fuel nozzles which deliver fuel to the
chanber and mxers which mx the fuel with the flowath gases. Over tine,

t he hi gh tenper d i.\we Lon_gases danmage the liners in
t he transpiratigﬁﬂ®§§lgg F@Sﬁéﬁi“éaFﬁ@gagﬁ%ﬁ§t$ BHANBENERF ners were made
- from sheet nmetal rings which were brazed together. These liners had
recessed cooling holes spaced along the liners for introducing filmcooling
air to coBACKGROUNDeUS.THMeINVENES®N | | ners becanme damaged, the danmaged
rings were renoved and replaced using a process generally identical to the

process used to nake the liners originally. Mdre recently, transpiration
cool ed |iners havi n® hdRESFHL of 1RYRRTIO% 00f ¢ }Rf 2| egenavelbeentased. Most

of these ddulfit i cheABErOLiABAE LAOMdA GeaiiNgs MY b ar feprhged-
together and machined to the final part shape. I'n" the past, ese,
l i ners h&fe tsa gins sleg@geashdrantsei dasdane copl edslueleys .damaged. 13

January 2005
In gas turbine engines, gases are heated by

L mixing the gases with fuel and burning the mixture. The
- mixing and burning occurs in an annular combustion chamber
formed between an annular inner liner and an annular outer

liner. A dome at an upstream end of the combustion chamber

has fuel nozzles which deliver fuel to the chamber and

mixers which mix the fuel with the flowpath gases. Over

time, the high temperatures and corrosive combustion gases

damage the liners in the transpiration cooled region.

Early combustion chamber liners were made from

sheet metal rings which were brazed together. Thesé liners

;:} had recessed cooling holes spaced along the liners for
| introducing film cooling air to cool the liners. When
these liners became damaged, the damaged rings were removed

and replaced using a process generally identical to the
process used to make the liners originally. More recently,
transpiration cooled liners having thousands of small
cooling holes have been used. Most of these liners are

cast or made from forged rings which are welded- together

and machined to the final part shape. . In the past, these

liners have been discarded when they became extensively

“ damaged .




2 SUMVARY OF THE | NVENTI ON According to one aspect of ghg rg&%ﬁ%qu5

invention, there is provided a nethod of repairing a am%%?

transpiration cooled |iner of a gas turbine engine conbustion chanber
conprising the steps of: renoving an annul ar portion of the |iner
including a damaged region from between an upstream section and a

downst r eansBEMARONODf THReINVARTION or m ng sheet into an annul ar repl acenent
'section having at | east one axial seam extendi ng between an upstream end

of the repl acenent gectign and q)domnstreanlegg opggsitghthe u(g&g am end,
the repl acenent sectPoR°bethg sied &MF shaFBECSi m Parl y*" o tHE T8 oved

annul ar poihvent obnf hechéner ;id oipriord delile aupsttpam entl ofepdier frox med
annul ar section to the upstream section of the liner and jaqining the
downst r eani @RISR t ARIULBF ne8TARABLAR T EPI aCeReRE sddifen ©& t Re ddfnstream

section of + {8 héNehgiLENebnbEat YH8S cREnbBE RLRSEAL 1hBVeRll QR Wd lofhe in
part apparent and in part pointed out hereinafter. BRTEF DESCRI PTI ON OF THE

DRAW NGS Fr@noving asaparaizglper prictiore off atbenblsnedn Ehal@nIFIRG 2 is
o VL) CALBASS RN of-pealuaRLn ot eaIOURY osCimgReTlany: T O
section ofdtimestieen Seawing tbé tWemadederegi HDormepy ackeetantnid Fanuary
2005 annular replacement section having at least one axial seam
extending between an upstream end of the replacement
section and a downstream end opposite the upstream end,
the replacement section being sized and shaped similarly
to the removed annular portion of the liner; Jjoining the
upstream end of the formed annular section to the upstream
section of the liner and joining the downstream end of the
formed annular replacement section to the downstream
section of the liner.

Other features of the present invention will be

in part apparent and in part pointed out hereinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial perspective of a combustion
chamber;

FIG. 2 is a vertical cross section of a damaged
outer combustion chamber liner;

FIG. 3 1is a section of the 1liner showing a
damaged region removed;

FIG. 4 is a section of the liner showing the

damaged region replaced; and




»3 Fig. 5 is a section of the liner showing the replaced sgctiQn abier
" shapi ng. Correspondi ng reference characters indicate corresponding parts
t hroughout the several views of the draw ngs. DETAILED DESCRI PTI ON OF THE

PREFERRED EMBODI MENT Referring now to the drawings and in particular to
Fig. 1, a sector of an annul ar conbustion chanber of a gas turbine engine
is generally designated by the reference nunber 10. The chanber 10
i ncludes an outer liner, generally designated by 12, and an inner |iner,
generally designated by 14, each of mﬁich may be repaired using the
nmet hod of the present invention. The chanmber 10 also includes a

- conventional dome, generally designated by 16, connected to the outer
liner 12 and the inmay.l imeisla whédtidmsbenaite (NoheSh@WingUelnd0zzl es
(not shown) are nounted upstreamfromthe dome 16 for delivering fuel to
the conbu¥BPdACERaRBEr120. a€bRYefiRABABY - ni xers 18 are provided in the done
16 for mxing the fuel wth flowath gases. As the chanber 10 is

conventional in all oLt w e ' in further detail.
As illustrated in Ficé.gl%g,gﬁ%%glggt e\r%%ﬂlen%?{clé; g@%ﬁ%gﬁggsco%‘%{l&e&‘s % for ged
annul ar' apstreepandéngi @ar3é wEndwghanmuthe dewestleari&est b@n t3x These
sections ao .32 are concentric and surround a conmon centerline- (not-
shown) wh tR¥{8980i ncident with a centerline of the gas turbine engine.
Wien a region of the outer liner.12 is identified as being damaged (e.qg.,

by vi sual pETSPEED | DRICR BPT BN WRI TR bRFERED TEMdth ti@F 1 ncl uding the
damaged
{L) ‘ Referring néw to the drawings and in particular
to Fig. l, a sector of an annular combustion‘chamber of a
gas turbine engine is generally designated by the reference
number 10. The chamber 10 includes an outer liner,
- generally designated by 12, and an inner liner, generally
designated by 14, each of which may be repaired using the
method of the present invention. The chamber 10 also
includes a conventional dome, generally designated by 16,
connected to the outer liner 12 and the inmer liner 14 with
fasteners {(not shown). Fuel mnozzles {not shown) are
mounted upstream from the dome 16 for delivering fuel to
il) the combustion chamber 10. Conventional mixers 18 are
provided in the dome 16 for mixing the fuel with flowpath
gases. As the chamber 10 is convéntional in all respects;

it will not be described in further detail.

As illustrated in Fig. 2, the outer liner 12

generally comprises a forged annular upstream section 30
and an annular downstream secpion 32. ?hgse sections 30,
32 are -concentric ‘and surround'a cbﬁmdﬁﬁéenﬁeflinerfnégi
shown) whichﬂis cbincident witﬂ é-céntefline of the gas

- turbine engine. When a region of the outer liner 12 is
identified as being damaged {e.g., by visual inspection),

an annular portion 34 of the liner including the damaged




»13 January 2005 4 region is renoved from between the upstr ct 30
and the downstream section 32 of the |iner as shown iﬁ%Fﬁgigéi%A20§?II
understood by those skilled in the art, the annular portion 34 nay be
removed by a conventional nmachining process such as turning the liner 12
on a vertical turret lathe or cutting the liner 12 with a |laser. As
illustrated in Fig. 4, sheet netal is formed into an annul ar replacenent
section 40 having at |east one axial, seam42 (Fig. 1). The repl acenent
section 40 may be formed by any convé&nt i onal process such as roll form ng.
Al t hough the circunferential ends of the sheet nmetal may be joined by
ot her processes w thout departing fromthe scope of the present invention,
i n one pneigrded enmadvEntt rdrhecendemitee] abBedely skeeibanizbeampnwel di ng.
As further illustrated by Fig. 4, the replacement section 40 is sized and
shaped sithq #Wnstoaaie sesdwed 32nedl &hepdinpsnagasbewnt he Figer 312.

Al t hough t t I 0 r epent..secti.on have
ot her thicQ§é§£§§ RFF%%SFQ%ggE%hg%ﬁg@%é%%1 %gfggﬁpgﬁo%hFhéi%ﬁbsgﬁ

i nvent i omnniulaone popitdboar r 8d enbpdibentrdmereshepty nat abohasnei bhhtkness

substantially identical to the thickness of the renmoved portion 34 of the

liner 12MFiEOdS aPERERESseTEFon U0 HAINiBA upler ddfend 144 aRd @&

downst r e, @046 culPec UPSLthEas: &Mﬂg%%et hen@_-wba&iféﬁpéafggsm section

40 is joined to the upstream section of the liner 12. The downstream

end 46 of the annular replacenent. section .40- i.s joined to the

downst r eam sect i on 282 idlushigatiededinl Figo t“hatshieedt medxxl s tfermednst r eam

gi?tlon %%%g £ %%55&32e§e8 gcg&gggrggction 40 having at least one

be

axial seam 42 (Fig. 1). The replacement section 40 may be
formed by any conventional process such as roll forming.
Although the circumferential ends of the sheet wetal may
be joined by other processes without departing from the
scope of the present invention, in one preferred embodiment
the ends are joined by electron beam welding. As further
‘illustrated by Fig. 4, the replacement section 40 is sized
and shaped similarly to the removed annular portion 34 of
the liner 12. Although the sheet metal used to form the
replacement section may have other thicknesses without
) departing from the scope of the present invention, in one
preferred embodiment the sheet wmetal has a thickness
substantially identical to the thickness of the removed
portion 34 of the liner 12. The replacement section 40 has
an upstream end 44 and a downstream end 46. The upstream
end 44 of the annular replacement section 40 is joined to
the upstream section 30 of the liner 12. The downstream
end 46 of the annular replacement. section 40 .is joined to
the downstream sebtion 32 of the liner 12 sb-ﬁhétbféaturés-
in the downstream section such as boltholes are properly
oriented with respect to features is the upstream section
of the liner. Aithough other processes may be used to join

the ends 44, 46 of the replacement section 40 to the




. soriented with respect to features is the upstream secti er.
Al t hough ot her prgcesses may be used to joPn t he ends]%QJa%ga&Sezoog

repl acenent section 40 to the 13 January 2005 5 upstream and downstream
sections-30, 32 of the liner 12 wthout departing fromthe scope of the
present invention, in one preferred enbodinment the replacenent section is
joined to the upstream and downstream sections of the liner by electron
beam wel di ng. Either before or after the replacenent section 40 is joined
to the upstream and downstream sections 30, 32 of the liner 12, various
conventional features may be machined into the replacenent section. For
exanpl e, cooling holes (not shown), dilution holes 50 (Fig. 1) and

i gnition dpderdaceadeativnasctagh shewnbnBRYsdhe fmchienegd ntg,and;, attached
to the replacement section. It is also envisioned that the p03|t|ons and

si zes of tHdd@UoldePagitd nedtrareshecarope abdiheedresedesineentdionng this
repair. Furth r 2 eat treated usin
p l:|_ Sﬁe é)txlé%é grﬁbcga?rﬁéné' t'ﬂ%y Peﬁ)f' menll‘vmsg&l;é.lon ?Jf'ﬁé li ner

conventional process to relieve sTress inthe¥T1He

12 may be jpdsied apedhenupstosame ind wngtaReme ket i5hai BY 8hEES;h&- adj ust
t he size gndggr sha e.of the replacenent section 40 to closely resenble
the size &Ad bega ¥eilgingl 1iner 12 as shown in Fig. 5. Although

t he replacenent sectlon 40 may be nmde of ot her naterials wi t hout

departing fromthe gszeaertbéf@f@scefltafeéw%@ﬁe' Qg 1598méﬁ BCEMRIY SeCtion of
the preferred enbodinent is nmade of a conventi bnal ust1on chamnber

mat er i al . iBul eheed Eﬁtt@ﬁmﬂpﬁﬂn&amaﬂndcdmsnstseaml3acﬂﬂons 30, 32 of

{;) the liner 12, wvarious conventional features may be machined
into the replacement section. For example,.cooling holes
(not shown), dilution holes 50 (Fig. 1) and ignition
interface features (not shown) may be machined into and
attached to the replacement section. It is also envisioned
that the positions and sizes of these holes and features
can be modified if desired during this repair. Further,
the repaired liner 12 may be heat treated using a
conventional process to relieve stress in the liner.
Moreover, the liner 12 way be positioned on a conventional
mandrel or sizing shoes to adjust the size and/or shape of

*”> the replacement section 40 to closely resemble the size and
shape of the original liner 12 as shown in Fig. 5.
Although the replacement section 40 may be made of other
materials without departing from the scope the present
invention, the replacement section of the preferred
embodiment is made of a conventional combustion chamber
material. Further, although the replacement section 40
shown in the drawings contains substantially the entire
transpiration cooled_regioﬁ of the liner 12, thosé skilled
in the art will appreciate that the replacement section 40
may contain only a portion of the transpiration cooled
region without departing from the scope of the present

invention.




- shown in the draw ngs contains substantially the entirgsy %%?%3 LY 3tipen
cooled region of the liner 12, those skilled in the art wll gggreciate
~that the replacenent section 40 nay contain only a portion of the
transpi-ration cooled region wthout departing fromthe scope of the
present invention. 13 January 2005 6 Wen introducing el enents of the
present invention or the preferred enbodi nent(s) thereof, the articles
"a", "an", "the" and "said" are intendged to nean that there are one or
nore of the elements. The ternms "conprising”, "including” and "having" are
intended to be inclusive and nean that there nmay be additional elenents
other than the listed elenents. As various changes could he nmade in the
above constructi on8h@nt houtt mepariniong élemehbe sedpe ohet herdgawgntion, it
is intendEgvéhgt all matter contained in the, aboye description or shown in
g f &)

MR Ar & sRAFE ShECHnt SPpr i BenGss) | 1Whsreat ve thed not in

t he acconpanyi hg awi n

a limtingresense. "48, Jagyary 2006 InGlALNBat. afeehbadael tePRLILNg 2
darmaged annul ar transpiration cooled |iner of a gas turbine engine
conbust i dri&thakBeEec G5t | _RPgOrh&oFeef other edemengsan afinel &erpertion of

t he Ijner"ééﬁ#fgg a 4 fﬁﬁhﬂ gi fr bet yveen an stream section and
a downstrea seé?%%n’ofﬂgﬁe |%§ﬁéﬂh AV PR P LBRALG A0 BE
inclusive and mean that there may be additional elements

other than the listed elements.

1) ' As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in the
-above description or shown in the accompanying drawings 4
shall be interpreted as illustrative and not in a limiting

sense.




form ng sheet netal into an annular replacement sectiqgn B«gyllugg atzologast
one axial seam extending between an upstreamend of the repla c&ne

"section and a downstream end opposite said upstream end, the repl acerrent
section being sized and shaped simlarty to said rem)ved annul ar portion
of the liner; joining the upstreamend of the formed annul ar replacenent
section tocsAaiMsupstream section of the liner; and joining the downstream
end of the fornmed annul ar replacenent section to said downstream section
of the liner. 2. A nethod as set forth in claim1l wherein the seamis
formed by el ectron beamwelding. 3. A nmethod as set forth in claiml or 2
wherein the fornmed annular section is joined to said upstream section and
~to said downst ream sectimn dytedectadn hgemmelgi rg. dmaycret kothdsrset
forth in claima1l, or 3 wherein _the repl acenent section,is permanently
def or med t%r%nsﬁf%rrﬁatlloéhap%o%]fei‘%r ben®g j Sifned t 093 he EB§PFE9m FEGH6n and

the downstgam,sethh 0mh fbd Pecdipelsind ScH@nyddys 2005 8 5. A nethod as set
forth in any one of the preceding clains wherein the liner is heat treated

after the replbegReming satt a@nulérj oPHEHCOR 0 Ofhethipsitrim s86PdANENd the
e A b
t he repl acéomnstseah i oact oy cvhechd ol iiker upst r eam
forming sheet metal into an annular replacement
section having at least one axial seam extending between an
upstream end of the replacement section and a downstream
end opposite said upstream end, the replacement section
being sized and shaped similarly to said removed annular
portion of the liner;
joining the upstream end of the formed annular
replacement section to said upstream section of the liner;
and
joining the downstream end of the formed annular

replacement section to said downstream section o©of the

liner.

2. A method as set forth in claim 1 wherein the seam

is formed by electron beam welding.

3. A method as set forth in claim 1 or 2 wherein the
formed annular section is Jjoined to said upstream section

and to sald downstream section by electron beam welding.

4., A method as set forth in claim 1, 2 or 3 wherein
the replacement section is permanently deformed to a
final shape after being joined to the upstream section and

the downstream section of the liner.




section and the downstream section of the liner. t S orth
in claim6 wherein the cooling holes are nachlned in ?E Bﬁﬁﬁggyagbgg
different positions than cooling holes in the renoved annular portion. 8.
A nmethod as set forth in claim6 or 7 wherein the cooling holes are
machined in the liner wwth different sizes than cooling holes in the
removed annul ar5 postmethod3adasear ¥ c2@05 i AvisTHOk: Gbf RERAI BrGe@DvBUSTI ON
CHAMBER LI NERS ABSTRACT OF THE D| SCLOSURE A net hod o epai_ri ng annul ar
transplrat$$%ﬁ@ﬁxﬂé§?r?%%er theo E%ﬁ?rfo?s @%ﬁB EFSﬁLE Feflo%ESf a gas
turbi ne engdpies cMerdNNed 3F i PR 1 50AC(34H afo thes | ipetrédm, seééiohn@hudl ng a
damaged region is renoved from between an upstream section (30) and a
downst r eant e WIS {3EM gfeqtheeon iHerthiel 2 ines)-  Sheet netal is formed into
an annul ar replacenent section (40) having at |east one axial seam (42)
extendi ng between an upstreamend (44) and a downstream end (46) of the
replacenent sechi oh ©4thodThe seéplfaceiernn seoliom (40) the pireed¢dind shaped
simlarly t t he renmoved annyl | ar ortlon 34)__of & | i ner The
upst ream en Jicz‘aj(rﬁf%) Fhé f%??redn%n Vi1 se](% i )6"n clhslrhlga oi !rngd 1_tI{elt %e}%%st ream
section (3jtef the |ﬂel’]l_ﬂfac(éh%nt143;ec’aﬁ]dnt Hes dw\médeam etrige ( 4Py takatnhe

formed annul ar, section is joined to the downs %9n1sect|on (32) of the
liner (12, seqpaon;gqf the downstream section of t liner

7. A method as set forth in claim 6 wherein the
cooling holes are machined in the liner at different
positions than cooling holes in the removed annular

portion.

8. A method as set forth in claim 6 or 7 wherein the
cooling holes are machined in the liner with different

sizes than cooling holes in the removed annular portion.






