
13 January 2005 1  METHOD OF REPAIRING COMBUSTION CHAMBER LINERS
BACKGROUND OF THE INVENTION The present invention relates generally to
combustion chamber liners and more particularly to a method  of repairing
damaged transpiration cooled liners. In gas turbine engines, gases are
heated by  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. These 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. 13
January 2005 2 SUMMARY OF THE INVENTION According to one aspect of the
present  invention, there is provided a method of repairing a  damaged
annular transpiration cooled liner of a gas  turbine engine combustion
chamber comprising the steps of:  removing an annular portion of the liner
including a  damaged region from between an upstream section and a
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; joining 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 is a section of the liner showing a
damaged region removed; FIG. 4 is a section of the liner showing the
damaged region replaced; and 13 January 2005 3 Fig. 5 is a section of the
liner showing the  replaced section after shaping. Corresponding reference
characters indicate  corresponding parts throughout the several views of
the  drawings. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT Referring
now to the drawings and in particular  to Fig. 1, 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 inner liner 14 with  fasteners (not
shown). Fuel nozzles (not shown) are  mounted upstream from the dome 16 for
delivering fuel to  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 conventional 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 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. 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
removed from between the upstream section 30 and  the downstream section 32
of the liner as shown in Fig. 3. As will be understood by those skilled in
the art, the  annular portion 34 may be removed by a conventional
machining 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 metal
is formed  into an annular 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 metal 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 metal 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- i.s joined to
the downstream section 32 of the liner 12 so that features  in the
downstream section such as boltholes are properly  oriented with respect to
features is the upstream section  of the liner. Although other processes
may be used to join  the ends 44, 46 of the replacement section 40 to the
13 January 2005 5 upstream and downstream sections 30, 32 of the liner 12
without departing from the scope of the present invention,  in one
preferred embodiment the replacement section is  joined to the upstream and
downstream sections of the liner  by electron beam welding. Either before
or after the replacement 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 may 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 region of
the liner 12, those 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.
13 January 2005 6 When introducing elements of the present  invention or
the preferred embodiment(s) thereof, the  articles "a", "an", "the" and
"said" are intended to mean  that there are one or more of the elements.
The terms  



"comprising", "including" and "having" are intended to be  inclusive and
mean that there may be additional elements  other than the listed elements.
As various changes could he 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. 13
January 2005 7 CLAIMS 1. A method of repairing a damaged annular
transpiration cooled liner of a gas turbine engine  combustion chamber
comprising the steps of: removing an annular portion of the liner including
a  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 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 joined to said
upstream section  and to said 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.. 13 January 2005
8 5. A method as set forth in any one of the preceding  claims wherein the
liner is heat treated after the  replacement section is joined to the
upstream section and  the downstream section of the liner. 6. A method as
set forth in any one of the preceding  claims wherein cooling holes are
machined in the liner  after the replacement section is joined to 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. 13 January 2005 9  METHOD OF
REPAIRING COMBUSTION CHAMBER LINERS  ABSTRACT OF THE DISCLOSURE 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  upstream
section (30) and a downstream section (32) of the liner (12, 14). Sheet
metal 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,  14). Fig. 


