*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

Chgbrrer SR SIPCIGRLROL TR PRI LIS O Refilge”
of repairing damaged transpiration cooled liners.
, In gas turbine engines, gases are heated by
o 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 .




liners have been discarded when they became extensively qggﬁgfg%%5
January 2005 2 SUMVARY OF THE | NVENTI ON According to one aspec
present invention, there is provided a nethod of repairing a damaged
annul ar transpiration cooled liner of a&gas turbine engine conbustion
chanber conprising the steps of: renoving an annular portion of the |iner
i ncl udi ng auMEMarRAgeH TEDI DWVENDIOet ween an upstream section and a
‘downstream section of the liner; form ng sheet into an annul ar repl acenent
section having at |east one aX|a1_a seam_ extendi ng be% gban u stre m end
Sit

of the replacement SecPTOh &nd & dowhst r e8FPETE opp T he 6:"riei'nearnend

t he repl aceneaht 566} | othded ngi§| pedvadedshapedeshot! asty rdpnihing enpved
annul ar portion of the liner; joining the upstreamend of the forned
annul ar set@#dmcto ?ﬂ%uﬁﬁgtrééﬁ?SEéEFFbﬁn f CPR&SFi ndrin&kd Péln@nggﬁﬁb

downst r eam gpg; 9f éhsméoesﬁguéemahaehaﬁeeéc%@ﬁ@trl%%@ emet Atlhe dawnstream
section of the liner. Oher features of the present invention wll be in

part appar®enoghadi naparnipdl it edeoutidrer @ifhatther . IBREEF DESORIFPT O OF THE
DRAWNGS FliGhaded S AN BLoRETSBRELIY® 0f RpSRUbR ! Q0cEDBelng LG 2 1

a vertical "Ccross séection o
downstream section of the liner; forming sheet 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 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




» outer conbustion chanber liner; FIG 3 is a section of ;t;h L.ner ing a

'~ danmmged region renoved; FIG 4 is a section of the Iinéﬁ ?ﬁ%%?%& ?Qg@
damaged regi on replaced; and 13 January 2005 3 Fig. 5 is a section of the
|l i ner showi ng the replaced section after shaping. Corresponding reference
characters indicate corresponding parts throughout the several views of
the drawi ngs. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring
now to the drawings and in particular _to Fig. 1, a sector of an annul ar
conbustion chamber of a gas turbine edgine is generally designated by the
reference nunber 10. The chanber 10 includes an outer liner, generally

"~ designated by 12, and an inner liner, generally designated by 14, each of
whi ch may be repairedgusingithe s@thnch obrt e Bset ishRALIO:hd he
chanber 10 also .includes a _conventional done, generally designated by 16,
connect ed *eB1ERE8d0GEEF 1PRNBELEY §RAPEARE-inner liner 14 with fasteners (not
shown). Fuel nozzles (not shown) are nounted upstreamfromthe dome 16 for

delivering fuel to cLbhe.cRARY ﬁ'on]g%%ggg{ 0. l.gnal, mxers 18 are
provided in the done 16efgr n?x'ng t he uéF;mA?ﬁQ£¥§€%£§h kéﬁiﬁ?t%s t he
chanber l10orzegpnudangomeirtisn Eitougspect she several views of the

drawings.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

{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 cb'rr-lmdrvl‘iéentrzei‘l-ine”(n&:‘i
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




it will not be described in further detail. As |IIusFr%%e%ah%a§|920%5 t he
outer liner 12 generally conprises a forged annul ar upstrean1§bct|on 30
and an annul ar downstream section 32. These sections 30, 32 are concentric
and surround a common centerline- (not- shown) which is coincident with a
centerline of the gas turbine engine. Wien a region of the outer liner.12
Is identified as being damaged (e.g., by visual inspection), an annul ar
portion 34 of the liner including the,danaged 13 January 2005 4 region is
removed from between the upstrean1sec?ion 30 and the downstream section 32
of the liner as showmn in Fig. 3. As will be understood by those skilled in
the art, the annular portion 34 may be renoved by a conventi onal

machi ni ng-fAfianesiss stabwas ol Bethker ither updteBad s¥etibgakot yppet | athe
or cuttinqlthe liner 12 with a laser. As illustrated in Fig. 4, sheet netal
i s formedlg MY EFTUISRCHON ddemdnttheediner a0 BBOWAgiat Figass- one

-axi al seam 4 | Oy, 1 repl ectl 0. e for by any
conventio%%iz%ﬁg%egg éﬂg%qggoggl?ﬁ$g$ﬁ§%%.g&é?ﬁ%ﬁgﬁﬁ?ﬁgﬁ%i%%%hpgg%ntia

ends of tHmudheet pretdlonmags beay oilmed deynoatdder bpr osessesveht howsl departi ng
fromthe scope of the present invention, in one preferred enbodi nent the

ends ar e "P&HIEERY BFEEEFEn %‘é%li‘n Vil ditRgRIAg e heingy | dt r 8Pec® by Fig.
4, the r%&%%'&'i“%u%?@&' P8:cA0 b8 QiZethg ¥ 3hARA181 MiLATLY148.1he removed

annul ar portion 34 o
As 1llustrated in Fig. 4, sheet metal is formed
) into an anrnular replacement section 40 having at least one
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




+the liner 12. Although the sheet netal used to formthgsr Qh%ﬁsﬂ%
section may have other thicknesses without departing fro cope of t he
present invention, in one preferred enbodiment the sheet netal has a

t hi ckness substantially identical to the thickness of the renoved portion
34 of the liner 12. The repl acenent section 40 has an upstream end 44 and
a downstream end 46. The upstream end 44 of the annul ar repl acenent
section 40 is joined to the upstream section 30 of the liner 12. The
downstream end 46 of the annular replacenent. section .40- i.s joined to

t he downstream section 32 of the liner 12 so that features in the
downstream secti on such as boltholes are properly oriented with respect to

features igpdthedipsifi€¢agoaastieam eecthenki ey, A tBeughotheleprosesses
may be used to jOIn the ends 44, 46 of the replacenent section 40 to the

13" Januar Y iEdsIts ARPSTARG ARETdSWes SEERM SEcthenBrasens2intenhionj ner 12
o delglaréggggf > [&di% hyes ?Lr ot %lé(rné/[g%%'aopggc':ﬁémupjsst ream and

preferred enb e rep acenent section i
downst r eamoaaetﬂj aps thfe tihst teaerandyd@igtircem Beafivakdoigth&l 1 ey before
or after e repl acengnt sectlon 40 is joined to the upstream and

downst r ea s CHFOm3feagoWsdipHe | jner 12, various conventional features

may be nmachined into the replacement section. For exanple, cooling holes
(not shown), diluti gnrheleseprd b8 afber@flel $BHELOBNent section 40

is joined to the upstream and downstream sections 30, 32 of
{;) the liner 12, various 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.




-interface features (not shown) may be machined into ands attached t,gsthe
repl acenent section. It is also envisioned that the positions n& si zes of
~these holes and features can be nodified if desired during this repair.
Further, the repaired liner 12 may be heat treated using a conventional
process to relieve stress in the liner. Mreover, the liner 12 may be
positioned on a conventional mandrel or sizing shoes to adjust the size
and/ or shape of the replacenent sectign 40 to closely resenble the size
and shape of the original liner 12 as shown in Fig. 5. Al though the
repl acenent section 40 may be nade of other materials w thout departing
fromthe scope the present invention, the replacenent section of the
preferred enbodi mehens nadeosfucdngonvehenenas cefbusthen ghameert
material._i #rﬁgfrn althqﬁg$ thefregl ceq&gt section 40_ shown in the
drawi ngs contarna- subist antl aPry EhESEnt T Od%‘?%'ég?)ratql't?ﬁfe&fol edheegi on of
the |ineradRiciégseaski khad, rpntheaggt «whkhrappeeshabagbhat ot Bean
repl acenent section 40 nmy contain only a portion of the transpiration
cool ed ridiontietRo@rdepae t PHgMorematheteopd eoknthe prBsenterinsvent i on

13 January, - 6: \When i g s. of , the presen i pveption or
the preferr e% er%o%n‘ent#% § ﬁ%@of‘%fﬂ@%‘éﬂ?cl I enéﬁd, Qot E@" and
"sai d" arimdhntsindedahd mean thhat theeee mane BNea8di D6 eaDl el BReglgMENt S.

The terns
other than the listed elements.

i) ' 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
shall be interpreted as illustrative and not in a limiting

sense.




"conprising”, "including" and "having" are intended to-he ;...nclusi and
mean that there may be additional elgnents ot her thanlghgahpgfgdbé?gnents.
~As various changes could he nmade in the above constructions wthout
departing fromthe scope of the invention, it is intended that all matter
contained in the above description or shown in the acconpanyi ng draw ngs
shal |l be ioterpseted as illustrative and not in a limting sense. 13
January 2005 7 CLAIMS 1. A nethod of repairing a damaged annul ar
transpiration cooled |iner of a gas turbine engine conbustion chanber
conprising the steps of: renoving an annular portion of the |iner including
a damaged region from between an upstream section and a downstream
~section of the linery, famugrisdeetofretiadpd itingn sanridnaiggde plaacei et
section having at | east one axial _seam extendi ng between an upstream end

of the repFiRRMRHIAEKRN | ofPARA a 45WREL r 8@&m %ndIdPposSPERIESi d P Feam

end, the rephBcerENt SKETHOP hghNds Shgechang: shanee: sinmilarly to said
removed annular portion of the liner; joining the upstreamend of the

formed annul ar remplingenamt aseetzonPpatiand odpsthreakiseilet i8A1BA1NGe q i ner;

and - damaged region from between an upstream section and a

downstream section of the liner;

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.




joining the downstream end of the formed annular repl age Chbi to
sai d downstream section of the liner. 2. A nethod as ggtﬁggﬁ?ﬁgi%bgﬁainll
wherei-n the seamis formed by el ectron beamwel ding. 3. A nethod as set
forth in claiml or 2 wherein the forred annular section is joined to said
upstream section and to said downstream section by el ectron beam wel di ng.
4. A nethod as Setafmethodnasl aem ¥or2horir3 avher@idr of heheeplracedenty
section is pernmanently deformed tp a final, shape, after bei joined to the
upstream s %Qﬁléﬁhﬁgé%% dotnst +E25F setti oRCBF tﬁ@eﬁgﬁg a?gngaﬁﬁﬁry 2005

r..

8 5. A nethoeh asesait foséhidn 2By jenaecal theHy egest Agam CkatiBonhanai n the
liner is heat treated after the replacenent section is joined to the

upst r eam slee® | SEEHEr S atheS vkt refasectitgit of the liner. 6. A nethod as
set forth in any one of the preceding clains wherein cooling holes are
machined in the liner after the replacenent section is joined to the
upstream secti®on Andetheddswnsetedmrséctirormmyf ode ¢fnehe Prepfegdnbod as

set forth in claim6 wherein the oql i ng_hol es_ar. chin in-t | i ner
ot di f1er et S PhEsHeR: repo L0y Bl cat e Tl RelE v ah " 4098 o £ on.
8. A net hoglfiasr sehef arddlddenedrad ns6cotond \dkerfpinédeto the upstream

section and the downstream section of the 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.




. cooling holes are machined in the liner wth different q4si a oling
holes in the renoved annul ar portion. 13 January 2005 &3 ﬁé@ﬁé%gcgogg
REPAI RI NG COVBUSTI ON CHAMBER LI NERS ABSTRACT OF THE DI SCLOSURE A net hod of
repairing an annul ar transpiration cooled liner (12, 14) for a conbustion
chanber (10) of a gas turbine engine. An annular portion (34) of the liner
(12, 14) including a damaged region is renoved from between an upstream
section (30) and a downstream section (32) of the liner (12, 14). Sheet
metal is formed into an annular replgcenent section (40) having at |east
one axial seam (42) extending between an upstreamend (44) and a
downstream end (46) of the replacenent section (40). The replacenent

section (40) is nnul ar portion
(34) of ghe)ling&hégg)%ggfiga$§g upscﬁggﬁﬁghﬁ'E%%%ngngéggﬁgrned anﬁular
section is joined to the upstream section (30) of the liner (12, 14) and
t he downstream end of the fornmed annular section is joined to the

downst r eaWPIERLEENO 3@ EoPIPReOSYRRer (12, 14). Fig.

A method of repairing an annular transpiration cooled
liner (12, 14) for a combustion chamber (10) of a gas
turbine engine. An annular portion (34) of the liner (12,
- 14) including a damaged region is removed from between an
L  upstream section (30) and a downstream section (32) of the
liner (12, 14). Sheet wetal is formed into an annular
replacement section (40) having at least one axial seam
(42) extending between an upstream end (44) and a
downstream end (46) of the replacement section (40). The
replacement section (40} is sized and shaped similarly to
the removed annular portion (34) of the liner (12, 14).
The upstream end (44) of the formed annular section is
joined to the upstream section (30) of the liner (12, 14)
and the downstream end (46) of the formed annular section
is joined to the downstream section (32) of the liner (12,
'_) 10y _ . L e
" Fig. 5




