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OF THE | NVENTI ON [ 00011 The technol ogy descri bed
herein rel ates generally to gas turbine engines, and
nore particularly, to nmethods for repairing conbustor
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thermal fatigue cracks Addi tionally, patches ma

thegamlsten epndticgas of p;anel s that are weakened by
thermal stresses. However, if the thermal stresses
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panels include cooling nuggets formed between adjacent panels that extend radially
outwardly from the panels and away from the combustion chamber. Accordingly,
such cooling nuggets are not subjected to the same degree of heat as portions of the
panels adjacent the combustion chamber, and as such, during operation thermal
stresses may be induced within the panels. Over time, continued operation with

thermal stresses may cause panels to thermally fatigue, causing weakening and/or

cracking to develop within the panels.

[0004] Current repair methods include welding thermal fatigue cracks.
Additionally, patches may be attached to areas of panels that are weakened by thermal

stresses. However, if the thermal stresses have induced thermal fatigue or distress in



enough structural integrity within such panels to
enabl e patches to be attached. The I ocation of
openings in the panels, such as cooling or dilution
hol es, and the use of thermal barrier coatings add
addi tional conplexity to the use of welds and patches.
In such cases, repair of such panels is not a
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The accompanying drawings illustrate several embodiments of the

technology described herein, wherein:
[0008] Figure I is schematic illustration of a gas turbine engine;

[0009] Figurc 2 is a partial cross-sectional view of a combustor assembly that

may be used with the gas turbine engine shown in Figure 1;

[0010] Figure 3 is an enlarged cross-sectional view of an outer combustor

liner used with the combustor shown in Figure 2;



Figure 4; and [0013] Figure 6 is an enlarged partia
cross-sectional view of the conbustor |iner shown in
Figure 4; and [0014] Figure 7 is a plan view of a
repl acenent panel. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 0015] Figure 1 i§ a schematic illustration
of a gas turbine engine 10 “including a | ow pressure
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[0016] In operation, air flows through low pressure compressor 12 and
compressed air is supplied from low pressure compressor 12 to high pressure
compressor 14, The highly compressed air is delivered to combustor 16.  Airflow
from combustor 16 drives turbines 18 and 20 and exits gas turbine engine 10 through

anozzle 24.

[0017] Figure 2 is a partial cross-sectional view of a combustor 30. Figures 3
and 4 are enlarged views of portions of combustor 30. Combustor 30 may be used
with gas turbine engine 10 shown in Figure 1, and includes a dome assembly 32. A

fuel injector (not shown) extends into dome assembly 32 and injects atomized fuel



and 44 is annular and includes a nultinugget region 46
and a nultihole region 48. Each nultinugget region 46
extends from dome assenbly 32 downstreamto each
mul ti hol e region 48. [00191 Liners 42 and 44 define
conbusti on zone 36. Conbusti,on zone 36 extends from
done assenbly 32 downstreamto a turbine nozzle (not
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include a plurality of openings 72 sized to receive fasteners 74 therethrough.
Fasteners 74 secure liners 42 and 44, bolt bands 60 and 62, and a cowl assembly 78 to

dome assembly 32.

[0021] Each combustor panel 50 includes a combustor liner surface 80, an
exterior surface 82, and an overhang portion 84. Combustor liner surface 80 extends
from dome assembly 32 to the turbine nozzle. Combustor liner surface 80 and
exterior surface 82 are connected together at overhang portion 84 and form a rear
facing edge 86. A plurality of air cooling features 88 separate adjacent combustor

panels 50.



50 are connected serially, such that each pane
downstream end 100 is connected to an upstream end
102 of an adjacent downstream panel 50. Nuggets 92 are
formed between adjacent connected panels respective
downstream and upstream endg 100 and 102. [0023]
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[0025] During operation, as atomized fuel is injecting into combustion zone
36 and ignited, heat is generated within zone 36. Although air enters combustion zone
36 through cooling features 88 and forms a thin protective boundary of air along
combustor liner surface 80, a variation in exposure of combustor liner surfaces to high
temperatures may induce thermal stresses into panels 50. As a result of continued

exposure to thermal stresses, over time, panels 50 may become deteriorated.

[0026] Deteriorated regions of combustor liner 40 may be removed and

replaced using the methods described herein. More specifically, deteriorated regions



fromliner exterior surface 82 to liner interior
surface 80, and such that a portion 122 of panel body
104 of panel 50 being cut remains secured wthin
conbustor 30. Furthernore, the cut is extended

t hrough i ner 40 downstream.from deteriorated panels
50 being replaced. Fasteners 74 nay be Ioosened to
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[0029} After deteriorated panels 50 are removed from combustor liners 40,
replacement panels may be installed into combustor liners 42 and/or 44. If required,
the replacement panels are formed to include a nugget configuration that is
substantially identical to that portion of liner 40 being replaced. In one embodiment,

at least one of a forging, roll welded ring, or a casting is used as a replacement panel.



100311 The repl acenent panel is then welded into
conmbustor liner 42 and/or 44, such that the
repl acenent panel is welded to an existing panel 50
that remains secured within conbustor liner 42 and/or
44. More specifically, a downstreamside (not shown)
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[0033] Repairs to a conbustor liner made as descri bed
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thr ougqlu a Sgnel bogl; r1 l?,tais\{ﬁtlts){raterdexgl th Tnsle rlrg%l, s?xgh that the cut extends from
liner exterior surface 82 to liner surface 80, and such that panel body portion 122
remains secured within combustor 30. Furthermore, the cut is extended through liner
40 downstream from deteriorated panels 50 being replaced. A second cut may then be
made within multihole region 48 and upstream from deteriorated panels 50 being
replaced, such that a deteriorated portion of multihole region 48 is separated and

removable from combustor liner 40 to create an opening or missing portion (deficit) in



made with a partial annular segnent or with discrete
patches made with replacenent panels which are shaped
to correspond to a renoved segnent of the conbustor
liner, such as replacenent panel 240 depicted in
Figures 6 and 7. [0034] After deteriorated portions of
mul ti hole region 48 are renoved from conbustor 30, a

c ne St t o combust
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openi ngs 96. However, to facilitate
[6035] Replacement panels may be formed from a planar or substantially

planer sheet of material which is then formed to the required shape to conform to the
deficit in the liner being replaced. This may include forming the sheet of material into
a cylindrical, semi-cylindrical, spherical, semi-spherical, or any required shape.
Openings are formed into the material as required to meet the requirements of the

deficit or removed portion of the combustor liner, and may include holes of various



seeurenent to the liner 140, replacenent panels
(referencing replacenent panel 240 illustrated in
Figures 6 and 7) have a peripheral edge 250 which is
at least partially, and which may be substantially or
fully, free of thermal barrpyer material 110.
Repl acenent panel 240 may al so include a bevel ed or
d mlitate
p OB SRCORE pBELR BB R b TheSedhefor bany other
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wehkdipg ghethar sceagcsf proggsieicenent  panel 240 and
conbustor liner surface 80 in the vicinity of the
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may be o main
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[ s are replaced using the nethod

deteriorated, | i ner
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replegsiieent pepebmeinaios seldntistp drekiofehgmid bafFier mtmmb te facilitate
Sc&?% YS€ C%jﬁ?f?}g‘ﬁlé’%ﬁ‘%ﬁrgg} panels are formed to be
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50 aer odynam c performance and conbustor performance

ar e[0n88] athvergdcgmienPpaicbds Myent Welde@nd asesmiingdgnel SO that
£OO40] Fi ur& 4 is an enlarged cross-sectional view of
reradng SeRF Fh i iE caRpiieineht Npreameriisally, coAptiatEam sifie(not

shdé®) dRodFRY tRErcHBEdn Mt Hin IFSwhMERINEaR I BSortion 122 within
combustor 30. In one embodiment, clectron beam, EB, welding is used to secure the
replacement panel within combustor 30. In another embodiment, tungsten inert gas,
TIG, welding is used to secure the replacement panel within combustor 30. Thermal
barrier coating material may then be applied on the peripheral edge of replacement
panel 240 and combustor liner surface 80 in the vicinity of the welding or other
securement, and a protective mask may be placed over the openings 96 to maintain

their quality checked condition.



10 (shown in Figure 1). Figure 5 is an enlarged plan
vi ew of conmbustor liner 140. Liner 140 is
substantially simlar to liners 40 (shown in Figures 2
and 3), and is installed within a conbustor (not
shown). The conbust or |ncluﬂ§s a conmbustor liner that
i ncl udes annul ar inner liner 140 and an annul ar outer
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5B E0" Ehicn JBR o b D erB A andio b B g stint
poﬁ&ﬁhﬁ@o&@gﬁoﬂﬁﬁmlﬁop|ura|lty of air cooling features
188 separate adjacent conbustor panels 150. 100431
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openings 172 sized to receive fasteners 74 (shown in Figure 2) for securing liner 140

to the dome assembly.

[6042] Each combustor panel 150 includes a combustor liner surface 180, an
exterior surface 182, and an overhang portion 184. Combustor liner surface 180
extends from the dome assembly to the turbine nozzle. Combustor liner surface 180

and exterior surface 182 are connected together at overhang portion 184 and form a



end 202, and a body 204 extending therebetween. Panels
150 are connected, such that each panel downstream
end 202 is connected to an upstream end 200 of an

adj acent downstream panel 150. Nuggets 192 are forned
bet ween adj acent connected panels respective
downstream and upstream ends 202 and 200 Nuggets 192
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‘annul ar segnment of the liner with a

conparable or conpatible annular |iner segnent.
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150, a cut is made circumferentially through combustor liner 140 to remove
deteriorated panels 150. More specifically, as shown in Figure 4, the circumferential
cut is made radially through liner 140 and through a nugget 192, as illustrated with
line 220, such that the cut extends from liner exterior surface 182 to liner surface 180.
In one embodiment, the cut is made between third panel 170 and a fourth panel 222.
Furthermore, the cut is extended through liner 140 downstream from deteriorated

panels 50 being replaced.



fully surrounded by remaining portions of the
conbustor |iner 140. Accordingly, the renoved portion
may forman aperture in the liner or any other size or
shape of deficit in the Iiner [0048] After
deteriorated portions of ﬂfr 140 are renoved from
the conbustor, a replacene panel 240 may be
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patterns and sizes. In plan view, the panels may be square, rectangular, or any other

shape suitable for use in replacing the applicable deficit in the combustor liner.

[0050] Replacement panel 240 may be sized and shaped to fit a particular
portion removed from liner 140, or may be pre-fabricated in one or more commonly
used sizes and shapes. Replacement panel 240 may include one or more openings 96
extending therethrough and a thermal barrier material 210 applied to at lcast one

surface. Thermal barrier material 210 may be applied to both surfaces, and may be



nore openi ngs. 100521 The repl acenent panel is then
wel ded into conbustor |iner 140, such that the
repl acenent panel is secured within the conbustor.
More specifically, a downstreamend (not shown) of
the repl acenment panel is we{ged to an existing pane
150 such that a nugget 192 1s forned between the

€ . nel SO B )
aﬂé)l‘ﬁglé t%?s oZ[nEE e%(ﬁ]ép E@gc@ (E’ ’?e 81 m]o%) Y ORepibEs 5‘02 ol wciVﬁzm‘ato facilitate
seceeheaeeht Hingaré] rc‘pdabhhaltq:@ﬁﬁ%ﬁ(h@s h Ip&é;ﬁhcia‘l@dgd SEISO whlch is

ot her odi ment ., tun n inert | di
ot ) o1 SBELMBICDHBTY a1 B et %@ﬂerm% ayrigy material 110.
Ré}ﬂﬁ@%&%ﬁ:ﬁpﬁadel @Lﬁfm%ﬂ'@lso PRl asieest bev@i@fl 'E)k @H %{cﬁrc'd 2@% facilitate

hen be applied on remaini ng panel stor
‘W@dw%an@ﬂmseaMmeﬁﬁpﬂtheabove descrlbed conbustor
l'iner replacenment nethod is cost- effective and highly

rel i apl Th n des .the steps aof, renov w
ot STRAF  RERCTER TG 2l TRY teooiRBront GRET s “fow
clieblatlg’dep@ﬁmgsrla)t)efdr PRl cs diElowdsropeleagRIdr W tildtallation because
cenent panels. In _one enbodi nent, deteriorated

th igurgfign r nBR@ngsy 180itisi #e alisiech dfir tpallfEay, SRch e by
p?ﬁ@aﬁlo’n (ﬁ%dftﬁ)ﬂ!ﬂ]atﬁ%%mb AL ‘?1]13?61‘;"’:'1]1 %d]ta[?&ﬂ téf‘ﬁ* g&% éc%eé BF Bne or
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that the invention can be practiced wth nodification
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provi ding a repl acenent panel (240) having at
barreasmat@wé nopydhémee (PE¥d andenaaining gand lcompbmstpelinaratdzdedIS0.
(110) applied to said replacenent panel (240) adjacent

to ﬁﬁgg] ?RE r}iibgge—&f%@if)ecﬁagmbustor liner replacement method is cost-

effective and highly reliable. The method includes the steps of removing deteriorated
pancls from the combustor liner, such that deteriorated panels may be replaced with
replacement panels. In one embodiment, deteriorated panels are removed by cutting
through the body of the panel, and replacement panels are then welded to into the
combustor liner. As a result, a method is provided which enables deteriorated
combustor liner panels to be removed and replaced in a cost-effective and reliable

manner.

[0054] While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be practiced

with modification within the spirit and scope of the claims.



installing said replacenent panel (240) in said
deficit. 2. A nethod in accordance wwth Caim1,
wherei n said replacenent panel (240) has a peri pheral
edge (250) at least partially free of thermal barrier
material (110) and said nethod further conprises the
step of applying thermal barrier material (110) to

“ﬁﬁ&f1§€imﬁ $#g.edge (250) after installing said
re

acenen panel (240) in said deficit. 3. A nethod
in accordance with aim1l1, further conprising the
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2. A method in accordance with Claim 1, wherein said replacement panel
(240) has a peripheral edge (250) at least partially free of thermal barrier material
(110} and said method further comprises the step of applying thermal barrier material
(110} to said peripheral edge (250) after installing said replacement panel (240) in said
deficit.

3. A method in accordance with Claim 1, further comprising the step of
applying a protective mask to said replacement panel (240) over said at least one

openmg prior to said step of applying thermal barrier material (110).

4. A method in accordance with Claim 1, wherein said step of installing said
replacement panel (240) further comprises the step of welding said replacement panel

(240) within said deficit,

5. A method in accordance with Claim 4, wherein said step of welding further
comprises the step of using at least one of an EB welding process and a TIG welding

process to secure said replacement panel (240) within said deficit.

6. A method in accordance with Claim 1, further comprising the step of

selecting a replacement panel (240) suitably sized for said deficit.



