wo 2014/104901 A 1[I I/ P00 YO O OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

3 July 2014 (03.07.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/104901 A1

(51

eay)

(22)

(25)
(26)
1

(72)
1

74

International Patent Classification:
B23P 6/00 (2006.01) F23R 3/06 (2006.01)

International Application Number:
PCT/PL2012/000133

International Filing Date:
28 December 2012 (28.12.2012)

English
Publication Language: English

Applicant: GENERAL ELECTRIC COMPANY
[US/US]; 1 River Road, Schenectady, NY 12345 (US).

Filing Language:

Inventors; and

Applicants (for US only): KARPINSKI, Mariusz
[PL/PL]; Wejnerta 21/23 m 5, PL-02-619 Warszawa (PL).
RADLICZ, Andrzej Jacek [PL/PL]; Aleja Krakowska
110/114, PL-02-256 Warszawa (PL). STRZELEC, Dami-
an [PL/PL]; Aleja Krakowska 110/114, PL-02-256 Warsz-
awa (PL). KACZOROWSKI, Kamil [PL/PL]; Aleja
Krakowska 110/114, PL-02-256 Warszawa (PL).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Agents: MLODKOWSKI, Maciej et al.; Polservice Published:

Kancelaria Rzecznikéw Patentowych Sp. ul.

Bluszczanska 73, PL-00-712 Warszawa (PL).

zZ 0.0,

with international search report (Art. 21(3))

(54) Title: METHODS OF REINFORCING COMBUSTOR APERTURE AND RELATED COMBUSTOR

Iy
FIG. 7 i
17 60
N\ .
38
36
1A,

36

(57) Abstract: Various embodiments include methods of reinforcing apertures in turbomachine combustors, and related combustors.
In various particular embodiments, a method of reinforcing an existing turbomachine combustor aperture includes: broaching the ex-
isting aperture to modify an initial profile of the existing aperture and form a moditied profile (32), where the moditied profile (32)
protrudes radially outwardly from an outer surface of the turbomachine combustor; and welding a combustor ring (36) along an in-
ner surface of the modified profile, where the modified profile enhances bonding between the existing aperture and the combustor
ring (36).
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METHODS OF REINFORCING COMBUSTOR APERTURE AND RELATED

COMBUSTOR
FIELD OF THE INVENTION

[0001] The subject matter disclosed herein relates to reinforced materials. More

particularly, the subject matter relates to reinforced materials in combustor systems.
BACKGROUND OF THE INVENTION

[0002] Conventional combﬁstors, such as turbomachine combustors, include a
variety of apertures which aid thé qombustor in performing its designed functions.
For/ example, combustors can include cross-fire apertures for enhancing firing, and
" mixing and dilution apertures for providing air to the combustion chamber.

[0003] Due to the temperature and pressure conditions within combustors, these
apertures are frequently reinforced. Conventionally, these apertures are reinforced
using a reinforcing sleeve which is applied to the aperture and welded in place.

[0004] The geometry of the reinforcing sleeve results in a high temperature
gradient on the reinfofcing siéeve during operation of the combustor, which can cause
the sleeve to fail. Further, welding the sleeve effectively can be difficult due to

limited access to the aperture.

BRIEF DESCRIPTION OF THE INVENTION

[0005]  Various embodiments include methods of reinforcing apeﬁures in

turbomachine combustors, as well as related combustors. In various particular
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embodiments, a method of reinforcing an existing turbomachine combustor aperture
includes: broaching the existing aperture in the turbomachine combustor to modify an
initial profile of the existing aperture in the turbomachine combustor and form a
modified profile, wherein the initial profile is suBstantially co-planar with an outer
surface of the turbomachine combustor, and wherein the modified prbﬁle protrudes
radially outward from the outer surface of the turbomachine combustor; and welding
the existing aperture to a combustor ring, wherein the modified profile enhances

bonding between the existing aperture and the combustor ring.

[0006] A first aspect of the invention includes a method of reinforcing an existing
turbomachine éombustor aperture. This method can include: broaching the existing
aperture in the turbomachine combustor to modify an initial profile of the existing
aperture in the turbomachine combustbr and form a modified profile, wherein the
initial profile is substantially co-planar with an outer surface of the turbomachine
combustor, and wherein the modified proﬁlke protrudes radially outward from the
outer surface of the turbomachine combustor; and welding the existing aperture to a
combustor ring, wherein the modified profile enhances bonding between the existing

aperture and the combustor ring.

[0007] A second aspect of the invention includes a method of reinforcing an
existing turbomachiné combustor aperture. The method can include: forming the
aperture in a surface of the turbomachine combustor; broaching the aperture in the
turbomachine combustor to modify an initial profile of fhe aperture in the

turbomachine combustor and form a modified profile, wherein the broaching includes:
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inserting a broaching tip having a broaching surface into the existing aperture; and
machining the initial profile of the existing aperture to form the modified profile,
wherein the modified profile includes a greater surface area than the initial profile;

and machining the modified profile to form a smooth, modified profile.

[0008] A third aspect of the invention includes a tufbomachine combustor
including: a wall having: a radially inner surface and a radially outer surface; and an
aperture extending between the fadially inner surface and the radially outer surface,
the aperture including one of a mixing aperture or a dilution aperture, the aperture
having: an arcuate interface proximate the radially inner surface; and a protruding
interface extending radially outward from the radially outer surface; and a combustor

ring fillet welded to the wall at the aperture along the arcuate interface.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  These and other features of this invention will be more readily understood
from the following detailed description of the various aspects of the invention taken in
conjunction with the accompanying drawings that depict various embodiments of the

invention, in which:

[0010]  FIG. 1 shows a three-dimensional perspective view of a portion of a

turbomachine combustor according to various embodiments of the invention.

[0011]  FIGS. 2-3 show a cut-away cross-sectional view of processes in forming a

turbomachine combustor aperture according to various embodiments of the invention.

|99
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[0012]  FIG. 4 shows a cut-away cross-sectional view of the turbomachine
combustor aperture of FIG. 3 undergoing processes according to various embodiments

of the invention.

[0013]  FIG. 5 shows a cut-away cross-sectional view of .the turbomachine
combustor aperture of FIG. 4 undergoing processes according to various embodiments

of the invention

[0014] ' FIG. 6 shows a schematic depiction of broaching device tips which can be

utilized in methods according to various embodiments of the invention.

[0015]  FIG. 7 shows an alternative process of forming a turbomachine combustor

aperture according to various embodiments of the invention.

[0016]  FIG. 8 shows an alternative embodiment of forming a turbomachine

combustor aperture according to various embodiments of the invention.

[0017]  FIG. 9 is a flow diagram depicting processes according to various

embodiments of the invention.

[0018] It is noted that the drawings of the invention are not necessarily to scale.
The drawings are intended to depict only typical aspects of the invention, and
therefore should not be considered as limiting the scope of the invention. In the

drawings, like numbering represents like elements between the drawings.

DETAILED DESCRIPTION OF THE INVENTION
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[0019] As noted, the subject matter disclosed herein relates to reinforced
materials. More particularly, the subject matter relates to reinforced materials in

combustor systems.

[0020]  As described herein, due to the tefnperature and pressure conditions within
combustors, these apertures are frequently reinforced.  Conventionally, these
apertures are reinforced using a reinforcing sleeve which is applied to the aperture and
welded in place.

[0021] - The geometry of the sleeve results in a high terriperature gradient on the
sleeve during operation of the combustor, which can cause the reinforcing sleeve to
fail. Further, welding the sleeve effectively can be difficult due to limitea access to
the aperture.

[0022] In ‘contrast to conventional approaches, various embodimenté include
methods of reinforcing combustor apertures via broaching to» form eyelets. In
particular, various embodiments of the invention include reinforcing the edges of a
mixing aperture or dilution aperture in a turbomachine combustor by forming eyelets
within those apertures.

[0023]  In particular embodiments, the method can include reinforcing an existing
turbomachine combustor aperture by: broaching the existing aperture to modify a
profile of the existing aperture and form a modified profile; and fillet welding a
combustor ring to the modified profile to bond the combustor ring to the aperture.
[0024]  Various particular embodiments of the invention include a method of
reinforcing an aperture in a turbomachine combustor. This method can include:

forming the aperture in a surface of the turbomachine combustor; broaching the

5
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aperture to modify an initial profile of the aperture and form a modified profile; and
machining an inner diameter of the modified profile to smooth the modified profile

(e.g., to remove one or more burrs).

[0025]  Various particular embodiments of the invention include a method of
reinforcing an existing turbomachiné combustor aperture. This method can include:
broaching the existing aperture in the turbomachine combustor to modify an initial
profile of the existing aperture in the turbomachine combustor and form a modified
profile, wherein the initial profile is substantially co-planar with an outer surface of
the turbomachine combustor, and wherein the modified profile protrudes radially
outwardly from the outer surface of the turbomachine combustor;l and fillet welding
the existing aperture to a combustor ring, wherein the modified profile enhances

bonding between the existing aperture and the combustor ring.

[0026])  Various other embodiments of the invention include a method of
reinforcing an existing turbomachine combustor aperture. The method can include:
forming the aperture in a surface of the turbomachine combustor; broaching the
aperture in the turbomachine combustor to modify an initial profile of the aperture in
the turbomachine combustor and form a modified profile, wherein the brdaching
includes: inserting a broaching tip having a broaching surface into the existing
aperture; and machining the initial profile of the existing aperture to form the
modified profile, wherein the modified profile includes a greater surface area than the

initial profile; and machining the modified profile to form a smooth, modified profile.

CN
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[0027]  Various additional embodiments of the invention include a turbomachine
combustor including: a wall having: a radially inner surface and a radially outer
surface; and an aperture extending between the radially inner surface and the radially
outer surface, the aperture including one of a mixing aperture or a dilution aperture,
the aperture having: an arcuate interface proxirnéte the radially inner surface; and a
protruding interface extending radially outward from the radially outer surface; and a

combustor ring fillet welded to the wall at the aperture along the arcuate interface.

[0028]  As used herein, the terms “axial” and/or “axially” refer to the relative
position/direction of objects along axis A, which is substantially perpendicular to the
axis of rotation of the turbomachine (in particular, the rotor section). As further used
herein, the terms “radial” and/or “radially” refer to the relative position/direction of
objects along axis (r), which is substantially perpendicular with axis A and intersects
axis A at only one .loCation. Additionally, the terms “circumferential” and/or
“circumferentially” refer to the relative position/direction of objects along ba
circumference (C) which surrounds axis A but does not intersect the axis A at any

location.

[0029] Turning to FIG. 1, a three-dimensional perspective view of a portion of a
turbomachine combustor (or simply, combustor) 2 is shown according to various
embodiments. As shown, fuel is provided to a combustor cap section 4, at its inlet 6,
via a fuel nozzle system (not shown) and initially mixed with air going through the
cap section 4, as is known in the art. Then, the mixture ignites from a spark initiated

in an igniter (not shown), as is known in the art. In the primary flame zone 10, the
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flame is additionally mixed with air flowing through mixing holes 12 in order to
assure that the fuel is properly burned. Also, the flame is transferred to adjacent
combustors (obstructed in this view) through cross-fire holes 14, as is known in the
art. Atthe aft end 11 of the combustor 2, the flame is diluted with air flowing through
dilutidn holes 16 tov properly mix the ﬂé.me with air in the aft end 11 and cool the
flame to reduce emissions. The aft end 11 of the combustor 2 includes an outlet 13
designed to connect with a transition piece, and ultimately, a turbomachine (both not

shown).

[0030]  As described herein, during operation of a conventional turbomachine
combustor, the inherent temperature and preséure conditions can cause material
degradation including fatigue, cracking, erosion, etc., in various components in the
combustor. In particular, this material degradation can affect the mixing and/or
dilution apertures. According to various embodiments, methods are disclosed which

help to reinforce those mixing and/or dilution apertures.

[0031] - FIG. 2 shows a schematic cross-sectional cut-away view of a surface 17 of
the combustor 2 prior to forming of one or more ‘of the apertﬁres (e.g., mixing
aperture 12, cross-fire aperture 14, etc.). Various embodiments include a preliminary
step of forming one or more apertures (e.g., mixing aperture 12, cross-fire aperture 14,
etc.), e.g., via punching, cutting, or otherwise puncturing the wall 18 of the combustor
18. FIG. 3 shows a schematic cross-sectional cut-away view of an inlet ‘20 of ah

aperture 22 formed according to the preliminary processes described herein. After
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formation of the aperture 22, the aperture 22 is referred to as an “existing” aperture

herein.

[0032] The existing aperture 22, can include, e.g., a mixing aperture 12 or a
dilution aperture 16 as shown and described with reference to FIG. 1. As shown, the
existing aperture 22 has an initial profile 24, which can be substantially planar, e.g.,
perpendicular to a central axis A of the combustor. Additionally, the initial profile 24
can also be substantially planar along the outer surface 17 (radially outer surface) of
the combustor’s wall 18. That is, the initial profile 24 is substantially coplanar with

~ the outer surface 17 of the combustor wall 18.

[0033] FIGS. 4-5 illustrate the process of broaching (machining) the exis’ting
aperture 22 from FIG. 3 to modify the initial profile 24 (e.g., the substantially pla_naf
profile) and form a modified profile 32 (FIG. 5). According to various embodiments,
the modified 'proﬁle 32 can also be smoothed, e.g., via ‘conventional machining
techniques such as sanding. The modified profile 32 is shown as smoothed in FIG. 5.
The modified profile 32 is substantially non-planar, and in some cases, has a greater

surface area than the initial profile 24.

[0034]  In various embodiments, the modified profile 32 includes a protruding
interface (or protrusion) 60 extending radially outwardly from the radially outer
surface 17 of the wall 18. That is, the modified profile 32 is substantially non-planar
with the outer surface 1‘7‘ of th; \‘Nall» 18. The Iﬁodiﬁed profile 32 can include an

arcuate interface 62 proximate the radially inner surface 19 of the wall 18, which
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increases the surface area of the inner surface (e.g., inner surface 19 and arcuate

interface 62) relative to the inner surface of the initial profile 24.

{0035]  In various embodiments, the broaching process can include inserting a
broaching tip 42 (FIGS. 4-5, 7) from a broaching member 44 into the existing aperture
22,> and machining the initial profile 24 of the existing aperture 22 to form the
modified profile 32. In various cases, the broaching tip 42 includes a broaching
surface 46 (indicated as having some texture). In some cases, the broaching surface
46 includes at least one of a group of surfaces. This group of surfages is shown in the
illustrative broaching surface chart 50 in FIG. 6, where broaching surf_ace types A-K
are shown in top and side Views,vrespectively (top view shown above the side view for
each broaching surface type). As shown, the broaching surface 46 of the broaching
tip 42 (FIGS. 2-3) can include ai least one of: a square surface (type A), a round
surface (type B), a single keyway surface ‘(type C), a double keyway surface (type D),
a 4-spline surface (type E), a hexagon surface (type F), a réctangular surface (type G),
a double-cut surface (type H), an internal gear surface (type I), a round helical surface

(type J) or a helical groove surface (type K).

[0036] According to another aspect of the invention, shown in FIG. 7 is a
combustor ring 36 which can be positioned adjacent to the inner diameter of the
modified profile 32 (e.g., proximate the arcuate interface 62) and welded to the
modified profile 32 according to various' embodiments of the invention. The
combustor ring 36 can be welded, e.g., via fillet welding, to the.radially inner surface

19 along an outer diameter of the reinforcing ring and the inner diameter (radially

10
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inner surface 19) of the wall 17, in particular, along the modified profile 32. The weld
38 is shown between the combustor ring 36 and the modified profile 32 (contacting
the arcuate interface 62 and the combustor ring 36. _The modified profile 32, in
particular, the greater surface area of the modified profile 32 as compared with the
initial profile 24, enhances bonding between the combustor ring 36 and the wall 17 of
the combustor 2 (FIG. 1)(after the fillet welding process is complete). In some cases,
the combustor ring 36 is inserted within the combustor 2 and welded to the wall 17,
and then an opening correspdnding with the aperture 22 is formed in the combustor
ring 36, e.g., via cutting or machining the opening througfl the aperturé 22 to expose

the interior chamber § of the combustor 2.

[0037]  FIG. 8 shows an alternative embodiment including a process of forming a
weld collar 70 coupled to- the modified proﬁle 32,e.g., extendiné radailly outwardly
from the modified profile 32. In particular, the weld collar 70 is formed as a 360
degree, 100 percent penetration weld over the protrusion (or, protruding interface) 60,
which extends radially outwardly from the protrusion 60. The weld collar 70 can be
formed after the modified profile 32 is formed, e.g., after the modified profile 32 has
been smoothed. In some cases, the weld collar 70 can be formed including a beveled
or chamfered surface 72 along its inner diameter proximate its radially outermost

point 74.

[0038]° FIG. 9 is a flow diagram illustrating processes that may be performed
according to various embodiments of the invention. As shown, the processes can

include:

11
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[0039]  Process PO (Preliminary optional process): Forming an aperiure in a wall

of a turbomachine combustor;

-[0040]  Process Pl: Broaching the existing aperture in the turbomachine
combustor to modify an initial profile of the existing aperture and form a modified

profile;

[0041]  Process P2: Machining the modified profile to form a smooth, modified

profile; and

[0042]  Process P3: Welding a combustor ring along an inner surface of the
modified proﬁlé. In various embodiments, the welding can include fillet welding. As
is known in the art, a fillet welt is used to join two pieces of material at approximately

a 90 degree angle; e.g., where the materials diverge from one another.

[0043])  As described herein, the modified profile formed according to various
embodiments of the invention can have greater strength, and resistance to cracking,
fatigue, etc. than the initial profile, and can provide for enhanced weld adhesion of a

combustor ring.

[0044] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the disclosure. As used

“herein, the singular forms “a”, “an” and “the” are intended to include the plural forms

as well, uril"ess the context clearly indicates otherwise. It will be further understood |
| that the terms “comprises” and/or “comprising,” when used in this specification,

specify the presence of stated features, integers, steps, operations, elements, and/or

12
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components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof. It
is further understood that the terms “front” and “back” are not intended to be limiting

and are intended to be interchangeable where appropriate.

[0045]  This written description uses examples to disclose the inf/ention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examplés are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivaleﬁt structural elements with insubstantial ;differences. from the literal languages

of the claims.

_—
(OS]
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[0046]  CLAIMS:

We claim:

1. A method of reinforcing an existing turbomachine combustor aperture, the method
comprising:
~broaching the existing aperture in the turbomachine combustor to modify an

initial profile of the existing aperture in the turbomachine combustor and form a
modified profile,

wherein the initial proﬁlg is 'substantially co-planar with an outer surface of
the turbomachine combustor, and wherein the modified profile protrudes radially
outwardly from the outer surface of the turbomachine combustor; and

welding the existing aperture to a combustor ring, wherein the modified

profile enhances bonding between the eXisting aperture and the combustor ring.

2. The method of claim 1, wherein the existing turbomachine combustor aperture

includes a mixing aperture for allowing mixing of a combustion gas and air.

3. The method of claim 1, wherein the existing turbomachine combustor aperture
includes a dilution aperture for diluting a combustion mixture after a combustion

process.

4. The method of claim 1, wherein the broaching includes:

inserting a broaching tip into the existing aperture; and
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machining the initial profile of the existing aperture to form the modified

profile.

5. The method of claim 4, wherein the broaching tip includes a broaching surface.

6. The method of claim 5, wherein the broaching surface includes at least one of a
square surface, a round surface, a single keyway surface, a double keyway surface, a
4-spline surface, a hexagon surface, a rectangular surface, a double-cut surface, an

internal gear surface, a round helical surface or a helical groove surface.

7. The method of claim 1, wherein the modified profile includes a greater surface area

than the initial profile.

8. The method of claim 1, further comprising machining the modified profile to form

a smooth, modified profile prior to the welding.

9. The method of claim 1, wherein the welding includes fillet welding.
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10. A method of reinforcing an aperture in a turbomachine combustor, the method
comprising:
forming the aperture in a surface of the tufbomachine combustor;
broaching the aperture in the turbomachine combustor to modify an initial
profile of the aperture in the turbomachine combustor and form a modified profile,
wherein the broaching includes:
inserting a broaéhing tip having a broaching surface into the existing
aperture; And
machining the initial profile of the existing aperture to form the
modified profile,
wherein the modified profile includes a greater surface area than the
initial profile;
and

machining the modified profile to form a smooth, modified profile.

11. The method of claim 10, wherein the aperture includes a mixing aperture for

allowing mixing of a combustion gas and air.

12. The method of claim 10, wherein the aperture includes a dilution aperture for

diluting a combustion mixture after a combustion process.

16
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13. The method of claim 10, wherein the broaching surface includes at least one of a
square surface, a round surface, a single keyway surface, a double keyway surface, a
4-spline surface, a hexagon surface, a rectangular surface, a double-cut surface, an

internal gear surface, a round helical surface or a helical groove surface.

14. The method of claim 10, wherein the initial profile is substantially co-planar with
an outer surface of the turbomachine combustor, and wherein the smooth modified
profile protrudes radially outwardly from the outer surface of the t_urbomachine

combustor.,

15. The method of claim 14, further comprising forming a welded collar coupled to

the weld and extending radially outwardly from the weld.

16. The method of claim 10, further comprising fillet welding a combustor ring to the |
smooth modified profile to form a weld reinforcing the existing aperture, wherein the
greater surface area enhances bonding between the éxisting aperture and the weld

after the fillet welding.

17
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17. A turbomachine combustor comprising:
a wall having:
a radially inner surface and a radially outer surface; and
an aperture | extending between the radially inner surface and the
radially outer surface, the apcrture including one of a mixiﬁg aperture or a
dilution aperture, the aperture having:
an arcuate interface proximate the radially inner surface; and
a protruding interface extending radially outwérd from the
radially outer surface; and
a combustor ring fillet welded to the wall at the aperture along the arcuate

interface.

18. The turbomachine combustor of claim 17, further comprising a welded collar
coupled to the protruding interface and cxtending radially outward from the radially

outer surface.

—
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