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REPAIR OR REMANUFACTURE OF COMBUSTOR LINER PANELS WITH AN

OXIDATION RESISTANT BRAZE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/845,681 filed July 12, 2013, which is hereby incorporated herein by reference in its

entirety.

BACKGROUND

[0002] The present disclosure relates generally to methods and apparatuses for use of
an oxidation resistant braze repair or remanufacture.

[0003] Gas turbine engines, such as those that power modern commercial and
military aircraft, generally include a compressor section to pressurize an airflow, a combustor
section to burn a hydrocarbon fuel in the presence of the pressurized air, and a turbine section
to extract energy from the resultant combustion gases.

[0004] The combustor section generally includes radially spaced inner and outer liner
panels that define an annular combustion chamber therebetween. Arrays of circumferentially
distributed combustion air holes penetrate multiple axial locations along each liner to radially
admit the pressurized air into the combustion chamber. A plurality of circumferentially
distributed fuel nozzles project into a forward section of the combustion chamber through a
respective fuel nozzle swirler to supply the fuel to be mixed with the pressurized air.

[0005] Aerospace components such as combustor liner panels are subject to damage

via Thermo-Mechanical Fatigue (TMF) cracking and oxidation as a result of direct exposure
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to the severe combustion environment during operation in a gas turbine engine. While strip
and recoat repairs exist, there are currently no repairs available to address cracking and

erosion, regardless of the severity, in liner wall panels.

SUMMARY

[0006] A method to fill a gap in a liner panel for a gas turbine engine combustor is
provided according to one disclosed non-limiting embodiment of the present disclosure. This
method includes: applying a nickel braze alloy composition onto a gap in a liner panel;
subjecting the nickel braze alloy composition to a melt cycle; and subjecting the nickel braze
alloy composition to a diffusion cycle after the melt cycle.

[0007] In a further embodiment of the present disclosure, the method includes
subjecting the nickel braze alloy composition to the melt cycle within a vacuum furnace.

[0008] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the melt
cycle at a temperature above the melting point of the nickel braze alloy composition.

[0009] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the melt
cycle for about ten to about twenty minutes.

[0010] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the melt

cycle at about 2240° F (1227° C) for ten-twenty (10-20) minutes at 0.0005 Torr. or lower.
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[0011] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the melt
cycle within a vacuum furnace.

[0012] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the diffusion
cycle at 2200° F (1204° C) for ten (10) hours at 1500-2500 micron (1.5-2.5 Torr) dynamic
partial pressure of Argon.

[0013] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes: subjecting the nickel braze alloy composition to the melt
cycle at about 2240° F (1227° C) for ten-twenty (10-20) minutes at 0.0005 Torr. or lower;
and subjecting the nickel braze alloy composition to the diffusion cycle at 2200° F (1204° C)
for ten (10) hours at 1500-2500 micron (1.5-2.5 Torr) dynamic partial pressure of Argon.

[0014] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to a solution
heat treated and cool cycle at a minimum average rate of 35 F (2C) per minute to 1600 F
871 C).

[0015] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes using an Oxidation Resistant Braze (ORB) composition as
the nickel braze alloy composition.

[0016] A method to fill a gap in a liner panel for a gas turbine engine combustor is
provided according to another disclosed non-limiting embodiment of the present disclosure.
This method includes: applying an Oxidation Resistant Braze (ORB) composition onto a gap

in a liner panel; subjecting the Oxidation Resistant Braze (ORB) composition to a melt cycle;
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and subjecting the Oxidation Resistant Braze (ORB) composition to a diffusion cycle after
the melt cycle.

[0017] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the melt
cycle at about 2240° F (1227° C) for ten-twenty (10-20) minutes at 0.0005 Torr. or lower.

[0018] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to the diffusion
cycle at 2200° F (1204° C) for ten (10) hours at 1500-2500 micron (1.5-2.5 Torr) dynamic
partial pressure.

[0019] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes subjecting the nickel braze alloy composition to a solution
heat treated and cool cycle at a minimum average rate of 35° F (2° C) per minute to 1600° F
(871° C).

[0020] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes preparing an area in the vicinity of the gap by removing
oxidation byproducts prior to applying the Oxidation Resistant Braze (ORB) composition.

[0021] A gas turbine engine is provided according to another disclosed non-limiting
embodiment of the present disclosure. This gas turbine engine includes a liner panel with a
gap filled with an Oxidation Resistant Braze (ORB) composition.

[0022] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the gap does not exceed a width of 0.010” (0.25mm; 10 mils) with a surface

erosion of less than about 0.04” (1mm; 40 mil).
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[0023] In a further embodiment of any of the foregoing embodiments of the present
disclosure, means is included for melting and solution heat treating the Oxidation Resistant
Braze (ORB) composition to form an alloy with a greater melting temperature than the
Oxidation Resistant Braze (ORB) within the gap.

[0024] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the Oxidation Resistant Braze (ORB) composition has superior oxidation life than
PWA 1455.

[0025] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the Oxidation Resistant Braze (ORB) composition has a superior oxidation life
capability over PWA 1484.

[0026] The foregoing features and elements may be combined in various
combinations without exclusivity, unless expressly indicated otherwise. These features and
elements as well as the operation of the invention will become more apparent in light of the
following description and the accompanying drawings. It should be understood, however,
the following description and drawings are intended to be exemplary in nature and non-

limiting,

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Various features will become apparent to those skilled in the art from the
following detailed description of the disclosed non-limiting embodiments. The drawings that
accompany the detailed description can be briefly described as follows:

[0028] FIG. 1 is a schematic cross-section of a gas turbine engine;
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[0029] FIG. 2 is a partial sectional view of an annular combustor with liner panels
that may be used with the gas turbine engine shown in FIG. 1;

[0030] FIG. 3 is schematic block diagram of a method to repair the aerospace
component; and

[0031] FIG. 4 is an expanded cross-sectional view of a gap repair according to the

method disclosed in FIG. 3 prior to a blending operation.

DETAILED DESCRIPTION

[0032] FIG. 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternativé
engines might include an augmentor section (not shown) among other systems or features.
The fan section 22 drives air along a bypass flowpath while the compressor section 24 drives
air along a core flowpath for compression and communication into the combustor section 26
then expansion through the turbine section 28. Although depicted as a turbofan gas turbine
engine in the disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to use with turbofans as the teachings may be applied to
other types of turbine engines such as a three-spool (plus fan) engine wherein an iﬁtermediate
spool includes an intermediate pressure compressor (IPC) between a low pressure
compressor (LPC) and a high pressure compressor (HPC) and an intermediate pressure
turbine (IPT) between a high pressure turbine (HPT) and a low pressure turbine (LPT) or a

single spool turbine comprising only a compressor, a combustor and a turbine with a single
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spool connecting the turbine to the compressor via either a direct drive or a geared
architecture.

[0033] With reference to FIG. 2, the combustor section 26 generally includes a
combustor 30 with a combustor outer wall 32 and a combustor inner wall 34 to define a
combustion chamber 36 therebetween. The chamber 36 is generally annular in shape. Each
wall 32, 34 generally includes a respective support shell 38 that supports one or more
respective liner panels 40. The liner panels 40 define a liner array that may be generally
annular in shape to sheath the combustion chamber 36. Each of the liner panels 40 may be
generally rectilinear and manufactured of, for example, a nickel based super alloy.

[0034] The liner panels 40 may be subj ect to damage via Thermo-Mechanical Fatigue
(TMF) cracking and/or oxidation as a result of direct exposure to the severe combustion
environment during operation of the gas turbine engine 20. Such TMF damage is
represented schematically as a gap 50 to include but not be limited to a crack, void, wom
surface or other defect. The gap 50 of the subject repair method 100, however, must not
exceed a width of 0.010” (0.25mm; 10 mils) with surface erosion of less than about 0.04”
(1Imm; 40 mil).

[0035] With reference to FIGS. 3 and 4, one disclosed non-limiting embodiment of a
repair method 100 initially includes preparation of the liner panel 40 (step 102) such as by
degreasing, fluoride-ion cleaning, grit blast, hydrogen furnace clean, vacuum clean and/or
others to remove combustion gas formed oxides from the gap 50. It should be appreciated
that alternative or additional cleaning and preparation steps to facilitate the method may

alternatively be performed.
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[0036] A nickel braze alloy composition 52 such as an Oxidation Resistant Braze
(ORB) composition is then applied to the liner panel 40 over the gap 50 (step 104; FIG. 4).
The nickel braze alloy composition 52 is compatible with the nickel based super alloy that
forms the linear panels 40. In one aspect, the linear panels 40 are formed of a nickel based
super alloy known by the industry specification as a PWA 1455 base alloy. Examples of an
Oxidation Resistant Braze (ORB) composition are available under the trademark
TURBOFIX.

[0037] The nickel braze alloy composition 52, in one disclosed non—limiting‘
embodiment, includes a combination of: base power alloy; alloy powder with a melting point
-depressant such as boron; and a braze binder such as an organic vehicle like cellulose. For
example, the nickel braze alloy composition 52 may include 50-80% base power alloy and
10% braze binder with the remainder as an alloy powder with a melting point depressant.
Various other combinations and ingredients may alternatively be utilized.

[0038] More specifically, an example nickel braze alloy composition includes a blend
of a first nickel alloy and a second nickel alloy. The first nickel alloy includes about 4.75 wt
%-10.5 wt % of chromium, about 5.5 wt %-6.7 wt % of aluminum, up to about 13 wt %
cobalt, about 3.75 wt %-9.0 wt % of tantalum, about 1.3 wt %-2.25 wt % of molybdenum,
about 3.0 wt %-6.8 wt % of tungsten, about 2.6 wt %-3.25 wt % of rthenium, up to about 0.02
wt % of boron, about 0.05 wt %-2.0 wt % of hafnium, up to about 0.14 wt % of carbon, up to
about 0.35 wt % of zirconium, and a balance of nickel. The second nickel alloy includes
about 21.25 wt %-22.75 wt % of chromium, about 5.7 wt %-6.3 wt % of aluminum, about
11.5 wt %-12.5 wt % of cobalt, about 5.7 wt %-6.3 wt % of silicon, boron in an amount no

greater than 1.0 wt %, and a balance of nickel.
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[0039] In another aspect, a nickel braze alloy composition includes about 20 wt %-80
wt % of a first nickel alloy and about 20 wt %-80 wt % of a second nickel alloy. The second
nickel alloy may have a lower melting temperature than the first nickel alloy. The first nickel
alloy includes up to about 0.02 wt % of boron, and the second rﬁckel alloy includes boron in
an amount no greater than 1.0 wt %.

[0040] In another aspect, a nickel braze alloy composition includes a blend of a first
nickel alloy and a second, different nickel alloy. The blend includes a combined composition
having about 8 wt %-20.3 wt % of chromium 1, about 5.5 wt %-6.7 wt % of aluminum, about
2.3 wt %-12.9 wt % of cobalt, about 0.7 wt %-7.2 wt % of tantalum, about 0.25 wt %-1.8 wt
% of molybdenum, about 0.6 wt %-5.5 wt % of tungsten, up to 2.6 wt % of rhenium, about
1.1 wt %-5.1 wt % of silicon, boron in an amount no greater than 0.8 wt %, hafnium in an
amount no greater than 1.6 wt %, up to about 0.12 wt % of carbon, up to about 0.3 wt % of
zirconium, and a balance of nickel.

[0041] The nickel braze alloy composition 52 may be applied onto the gap 50 as a
relatively thin bead with, for example, a surgical syringe or other precision applicator. That
is, the nickel braze alloy composition 52 is essentially a slurry that may be applied as an
elongated bead of about 0.03-0.06 inches in diameter (0.8-1.5mm). Alternatively, the nickel
braze alloy composition 52 may be applied as a paint, paste or preform, either green or pre-
sintered.

[0042] A stop-off boundary 54 (see FIG. 4) may be optionally applied to bound the
gap 50 (step 106). The stop-off boundary may be an oxide based composition or other

material.
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[0043] The liner panel 40 is then placed into a vacuum furnace for a melt cycle (step
108). The melt cycle in one disclosed non-limiting embodiment is at 2240° F (1227° C) for
ten-twenty (10-20) minutes at 0.0005 Torr. or lower.

[0044] The liner panel 40 is then placed into a vacuum furnace for a diffusion heat
treat cycle (step 110). The diffusion cycle in one disclosed non-limiting embodiment is at
2200° F (1204° C) for ten (10) hours at 1500-2500 micron (1.5-2.5 Torr) dynamic partial
pressure of Argon to mitigate chromium evaporation and subsequent depletion from the base
alloy of the repair component.

[0045] The liner panel 40 is then solution heat treated and cooled (step 112). The
solution heat treated and cooled cycle in one disclosed non-limiting embodiment is at a
minimum average rate of 35° F (2° C) per minute to 1600° F (871° C). The nickel braze
alloy composition 52 thereafter may have a higher melting point after heat treatment than in
the initial braze form.

[0046] Finally, the nickel braze alloy composition 52 may be blended into the surface
of the liner panel 40 (step 114). The blend may be performed by hand or by machine
operation.

[0047] Oxidation testing of liner panels with the nickel braze alloy composition 52
and process disclosed herein have demonstrated that the nickel braze alloy composition 52
has approximately 32% superior oxidation life capability over PWA 1484 and as PWA 1484
has superior oxidation life to PWA 1455, the nickel braze alloy composition 52 also has
superior oxidation life to PWA 1455. Repairs that employ embodiments of that disclosed
herein thereforc may reduce repair time and cost, and simultaneously may improve repair

quality.
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[0048] The use of the terms "a" and "an" and "the" and similar references in the
context of description (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or specifically
contradicted by context. The modifier "about" used in connection with a quantity is inclusive
of the stated value and has the meaning dictated by the context (e.g., it includes the degree of
error associated with measurement of the particular quantity). All ranges disclosed herein are
inclusive of the endpoints, and the endpoints are independently combinable with each other.
It should be appreciated that relative positional terms such as "forward," "aft," "upper,"

nnu

"lower," "above," "below," and the like are with reference to the normal operational attitude
of the vehicle and should not be considered otherwise limiting.

[0049] Although the different non-limiting embodiments have specific illustrated
components, the embodiments of this invention are not limited to those particular
combinations. It is possible to use some of the components or features from any of the non-
limiting embodiments in combination with features or components from any of the other
non-limiting embodiments.

[0050] It should be appreciated that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be appreciated that although
a particular component arrangement is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.

[0051] Although particular step sequences are shown, described and claimed, it

should be understood that steps may be performed in any order, separated or combined

‘unless otherwise indicated and will still benefit from the present disclosure.
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[0052] The foregoing description is exemplary rather than defined by the limitations
within. Various non-limiting embodiments are disclosed herein, however, one of ordinary
skill in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be appreciated
that within the scope of the appended claims, the disclosure may be practiced other than as
specifically described. For that reason the appended claims should be studied to determine

true scope and content.
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CLAIMS

What is claimed is:

1. A method to fill a gap in a liner panel for a gas turbine engine combustor, the method
comprising:

applying a nickel braze alloy composition onto a gap in a liner panel;

subjecting the nickel braze alloy composition to a melt cycle; and

subjecting the nickel braze alloy composition to a diffusion cycle after the melt cycle.

2. The method as recited in claim 1, further comprising subjecting the nickel braze alloy

composition to the melt cycle within a vacuum furnace.

3. The method as recited in claim 2, further comprising subjecting the nickel braze alloy
composition to the melt cycle at a temperature above the melting point of the nickel braze alloy

composition.

4. The method as recited in claim 2, further comprising subjecting the nickel braze alloy

composition to the melt cycle for about ten to about twenty minutes.

5. The method as recited in claim 2, further comprising subjecting the nickel braze alloy
composition to the melt cycle at about 2240° F (1227° C) for ten-twenty (10-20) minutes at

0.0005 Torr. or lower.
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0. The method as recited in claim 1, further comprising subjecting the nickel braze alloy

composition to the melt cycle within a vacuum furnace.

7. The method as recited in claim 6, further comprising subjecting the nickel braze alloy
composition to the diffusion cycle at 2200° F (1204° C) for ten (10) hours at 1500-2500 micron

(1.5-2.5 Torr) dynamic partial pressure of Argon.

8. The method as recited in claim 2, further comprising:

subjecting the nickel braze alloy composition to the melt cycle at about 2240° F (1227°
C) for ten-twenty (10-20) minutes at 0.0005 Torr. or lower; and

subjecting the nickel braze alloy composition to the diffusion cycle at 2200° F (1204° C)

for ten (10) hours at 1500-2500 micron (1.5-2.5 Torr) dynamic partial pressure of Argon.

0. The method as recited in claim 8, further comprising subjecting the nickel braze alloy
composition to a solution heat treated and cool cycle at a minimum average rate of 35° F (2° C)

per minute to 1600° F (871° C).

10.  The method as recited in claim 1, further comprising using an Oxidation Resistant Braze

(ORB) composition as the nickel braze alloy composition.

11. A method to fill a gap in a liner panel for a gas turbine engine combustor, the method
comprising:

applying an Oxidation Resistant Braze (ORB) composition onto a gap in a liner panel;
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subjecting the Oxidation Resistant Braze (ORB) composition to a melt cycle; and
subjecting the Oxidation Resistant Braze (ORB) composition to a diffusion cycle after the

melt cycle.

12.  The method as recited in claim 11, further comprising subjecting the nickel braze alloy
composition to the melt cycle at about 2240° F-(1227° C) for ten-twenty (10-20) minutes at

0.0005 Torr. or lower.

13.  The method as recited in claim 11, further comprising subjecting the nickel braze alloy
composition to the melt cycle at 2200° F (1204° C) for ten (10) hours at 1500-2500 micron (1.5-

2.5 Torr) dynamic partial pressure of Argon.

14. The method as recited in claim 11, further comprising subjecting the nickel braze alloy
composition to a solution heat treated and cool cycle at a minimum average rate of 35° F (2° C)

per minute to 1600° F (871° C).

15.  The method as recited in claim 11, further comprising preparing an area in the vicinity of
the gap by removing oxidation byproducts prior to applying the Oxidation Resistant Braze

(ORB) composition.

16. A gas turbine engine component, comprising:

a liner panel with a gap filled with an Oxidation Resistant Braze (ORB) composition.
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17.  The gas turbine engine component as recited in claim 16, wherein the gap does not
exceed a width of 0.010” (0.25mm; 10 mils) with a surface erosion of less than about 0.04”

(Imm; 40 mil).

18.  The gas turbine engine component as recited in claim 16, further comprising means for
melting and solution heat treating the Oxidation Resistant Braze (ORB) composition to form an
alloy at least within the gap with a greater melting temperature than the Oxidation Resistant

Braze (ORB) originally within the gap.

19. The gas turbine engine component as recited in claim 16, wherein the Oxidation Resistant

Braze (ORB) composition has superior oxidation life than PWA 1455.

20.  The gas turbine engine component as recited in claim 16, wherein the Oxidation Resistant

Braze (ORB) composition has a superior oxidation life capability over PWA 1484.



WO 2015/006338 PCT/US2014/045769

l][ll]l][ll]ﬂ?
f

X<
Q s
]
\ > @) ~
un
<% O
O ~
- © ¢ =
<f'< —1

0o

J




WO 2015/006338 PCT/US2014/045769

2/4

FIG. 2




WO 2015/006338 PCT/US2014/045769

3/4

100

PREPARE COMPONENT [—"102

/

APPLY OXIDATION RESISTANT
BRAZE OVER GAP [\ 104

F____”L—__'—_I

BOUND THE GAP WITH
| A STOP—OFF BOUNDARY H— 196

L_______l,________l

MELT CYCLE |—108

DIFFUSION CYCLE —\1 0

SOLUTION HEAT | _—119
TREAT/COOL

BLEND




WO 2015/006338

PCT/US2014/045769
4/4
©
<
o
ﬁ_
V
O
~
,

5{1




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/045769

A. CLASSIFICATION OF SUBJECT MATTER

B23K 35/30(2006.01)i, B23P 6/00(2006.01)i, B23K 1/00(2006.01)i, B23K 1/19(2006.01)i, F23R 3/00(2006.01)i, F02C
7/24(2006.01)i, B23K 31/02(2006.01)i, C22C 19/03(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B23K 35/30;, C22C 19/05; B23K 31/00; B23P 6/00; B23K 20/00;, FO1D 5/00; C21D 9/00; B23K 1/00; B23K 1/19; F23R 3/00; F02C 7/24,
B23K 31/02; C22C 19/03

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: gap, liner panel, gas turbine, combustor, nickel braze alloy, melt, diffusion, and cycle

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1226896 A2 (GENERAL ELECTRIC COMPANY) 31 July 2002 16,18-20
See paragraphs [0006], [0008], [0012], [0015]-[0018]; and figures 1-2.
Y 1-15,17
Y US 2008-0230156 Al (ABRILES, BETH K. et al.) 25 September 2008 1-15,17

See paragraphs [0002], [0014], [0027], [0029]; and figure 3.

A EP 1293286 A2 (SERMATECH INTERNATIONAL INC.) 19 March 2003 1-20
See paragraph [0002]; claim 1; and figure 1.

A WO 2005-028690 A1 (ALSTOM TECHNOLOGY LTD.) 31 March 2005 1-20
See page 4, lines 21-29; and figure 2.

A US 2004-0050913 A1 (PHILIP, VINOD) 18 March 2004 1-20
See paragraph [0008]; and figure.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
13 November 2014 (13.11.2014) 13 November 2014 (13.11.2014)
Name and mailing address of the ISA/KR Authorized officer \\\“\\“\\\\
International Application Divisiqn \\\\\\\
¢ Korean Intellectual Property Offlce ) ) BAE. Geun Tae \ \\N\\\§
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701, ’ “ \\\\\\\}\\ N
Republic of Korea \\‘Q\‘Q\\::\\&Q&\\\Q\\\\
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5580 XAV ™

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/045769

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1226896 A2 31/07/2002 None

US 2008-0230156 Al 25/09/2008 EP 1972408 A2 24/09/2008
EP 1972408 A3 29/12/2010
JP 2008-229719 A 02/10/2008
US 8394215 B2 12/03/2013

EP 1293286 A2 19/03/2003 EP 1293286 A3 14/05/2003
US 6520401 Bl 18/02/2003

WO 2005-028690 Al 31/03/2005 AT 362001 T 15/06/2007
CA 2565834 Al 31/03/2005
CA 2565834 C 28/08/2012
DE 602004006437 D1 21/06/2007
DE 602004006437 T2 10/01/2008
EP 1689897 Al 16/08/2006
EP 1689897 Bl 09/05/2007
ES 2285529 T3 16/11/2007
US 2008-0017694 Al 24/01/2008

US 2004-0050913 Al 18/03/2004 US 2003-0136811 Al 24/07/2003
US 6726086 B2 27/04/2004
US 7416108 B2 26/08/2008

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

