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GAS TURBINE ENGINE COMPONENT
HAVING CONTOURED RIB END

BACKGROUND

[0001] This disclosure relates to a gas turbine engine, and more particularly to a

gas turbine engine component having a contoured rib end.

[0002] Gas turbine engines typically include a compressor section, a combustor
section, and a turbine section. In general, during operation, air is pressurized in the
compressor section and is mixed with fuel and burned in the combustor section to generate
hot combustion gases. The hot combustion gases flow through the turbine section, which
extracts energy from the hot combustion gases to power the compressor section and other gas
turbine engine loads.

[0003] Due to exposure to hot combustion gases, numerous components of a gas
turbine engine may include internal cavities that make up a cooling circuit configured to
circulate a fluid for cooling the component. The cavities may be divided by ribs that extend
between walls of the component. One or more of the ribs may terminate at a rib end that is
generally perpendicular to the surface of the wall to create a pathway for fluids to travel. A
fillet area that extends between the rib end and the wall may be susceptible to relatively high

local stresses.

SUMMARY

[0004] A component according to an exemplary aspect of the present disclosure
includes, among other things, a wall and at least one rib that protrudes from the wall and
extends to a rib end, the rib end having a curved transition portion near a location where the
at least one rib meets the wall.

[0005] In a further non-limiting embodiment of the foregoing component, the
component is one of a blade, a vane, a blade outer air seal (BOAS), a combustor liner and a
turbine exhaust case liner.

[0006] In a further non-limiting embodiment of either of the foregoing
components, the component is a turbine airfoil.

[0007] In a further non-limiting embodiment of any of the foregoing components,

the wall defines a portion of an interior cavity of a cooling circuit of the component.
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[0008] In a further non-limiting embodiment of any of the foregoing components,
the rib end terminates prior to another portion of the component to form a flow passage
connected to the interior cavity.

[0009] In a further non-limiting embodiment of any of the foregoing components,
the curved transition portion is arched.

[0010] In a further non-limiting embodiment of any of the foregoing components,
the curved transition portion includes an elliptical arch.

[0011] In a further non-limiting embodiment of any of the foregoing components,
the curved transition portion includes a circular arch.

[0012] In a further non-limiting embodiment of any of the foregoing components,
the rib end includes a notch that defines the curved transition portion.

[0013] In a further non-limiting embodiment of any of the foregoing components,
at least a portion of the curved transition portion includes a continuously varied curvature.

[0014] In a further non-limiting embodiment of any of the foregoing components,
a first fillet is located between the wall and the curved transition portion.

[0015] In a further non-limiting embodiment of any of the foregoing components,
a second fillet is located between a second wall and the curved transition portion, the curved
transition portion extending between the first fillet and the second fillet.

[0016] A gas turbine engine according to an exemplary aspect of the present
disclosure includes, among other things, a core flow path that defines a gas path of the gas
turbine engine and a component that extends into the core flow path. The component
includes a first wall, a second wall and a rib extending between the first wall and the second
wall. The rib includes a curved transition portion extending into a body of the rib.

[0017] In a further non-limiting embodiment of the foregoing gas turbine engine,
a first fillet is defined between the rib and the first wall and a second fillet is defined between
the rib and the second wall.

[0018] In a further non-limiting embodiment of either of the foregoing gas turbine
engines, the curved transition portion extends between the first fillet and the second fillet.

[0019] In a further non-limiting embodiment of any of the foregoing gas turbine
engines, the rib includes a rib end that terminates prior to a platform of the component.

[0020] A method of reducing stress concentrations in a gas turbine engine
component according to another exemplary aspect of the present disclosure includes, among

other things, defining a curved transition portion at a rib end of a rib disposed inside of a
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component to reduce stress concentrations at a location where the rib meets a wall of the
component.

[0021] In a further non-limiting embodiment of the foregoing method, the method
of defining includes removing material from the rib end.

[0022] In a further non-limiting embodiment of either of the foregoing methods,
the method of removing includes forming a notch in the rib end.

[0023] In a further non-limiting embodiment of any of the foregoing methods, the
method of defining includes removing material from tooling used to form the component.

[0024] The various features and advantages of this disclosure will become
apparent to those skilled in the art from the following detailed description. The drawings that

accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 illustrates a schematic, cross-sectional view of a gas turbine
engine.

[0026] Figures 2A and 2B illustrate a component that can be incorporated into a
gas turbine engine.

[0027] Figure 3 illustrates a partially cut-away view of a gas turbine engine
component.

[0028] Figure 4 illustrates an exemplary rib of a gas turbine engine component.

[0029] Figure 5 illustrates another exemplary rib.

[0030] Figure 6 illustrates yet another exemplary rib.

DETAILED DESCRIPTION

[0031] This disclosure relates to a gas turbine engine component having a curved
transition portion defined within the rib end. The curved transition portion is contoured to
reduce stress concentrations in the component. For example, the curved transition portions of
this disclosure may reduce stresses that can exist within fillet areas between the rib end and a
wall from which the rib extends or other sections of the component that transition from areas
having a greater amount of material to areas having less material.

[0032] Figure 1 schematically illustrates a gas turbine engine 20. The exemplary
gas turbine engine 20 is a two-spool turbofan engine that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternative

engines might include an augmenter section (not shown) among other systems for features.
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The fan section 22 drives air along a bypass flow path B, while the compressor section 24
drives air along a core flow path C for compression and communication into the combustor
section 26. 'The hot combustion gases generated in the combustor section 26 are expanded
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 turbofan engines and these teachings could extend to other types of
engines, including but not limited to, three-spool engine architectures.

[0033] The gas turbine engine 20 generally includes a low speed spool 30 and a
high speed spool 32 mounted for rotation about an engine centerline longitudinal axis A. The
low speed spool 30 and the high speed spool 32 may be mounted relative to an engine static
structure 33 via several bearing systems 31. It should be understood that other bearing
systems 31 may alternatively or additionally be provided.

[0034] The low speed spool 30 generally includes an inner shaft 34 that
interconnects a fan 36, a low pressure compressor 38 and a low pressure turbine 39. The
inner shaft 34 can be connected to the fan 36 through a geared architecture 45 to drive the fan
36 at a lower speed than the low speed spool 30. The high speed spool 32 includes an outer
shaft 35 that interconnects a high pressure compressor 37 and a high pressure turbine 40. In
this embodiment, the inner shaft 34 and the outer shaft 35 are supported at various axial
locations by bearing systems 31 positioned within the engine static structure 33.

[0035] A combustor 42 is arranged between the high pressure compressor 37 and
the high pressure turbine 40. A mid-turbine frame 44 may be arranged generally between the
high pressure turbine 40 and the low pressure turbine 39. The mid-turbine frame 44 can
support one or more bearing systems 31 of the turbine section 28. The mid-turbine frame 44
may include one or more airfoils 46 that extend within the core flow path C.

[0036] The inner shaft 34 and the outer shaft 35 are concentric and rotate via the
bearing systems 31 about the engine centerline longitudinal axis A, which is co-linear with
their longitudinal axes. The core airflow is compressed by the low pressure compressor 38
and the high pressure compressor 37, is mixed with fuel and burned in the combustor 42, and
is then expanded over the high pressure turbine 40 and the low pressure turbine 39. The
high pressure turbine 40 and the low pressure turbine 39 rotationally drive the respective high
speed spool 32 and the low speed spool 30 in response to the expansion.

[0037] The pressure ratio of the low pressure turbine 39 can be pressure measured
prior to the inlet of the low pressure turbine 39 as related to the pressure at the outlet of the

low pressure turbine 39 and prior to an exhaust nozzle of the gas turbine engine 20. In one
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non-limiting embodiment, the bypass ratio of the gas turbine engine 20 is greater than about
ten (10:1), the fan diameter is significantly larger than that of the low pressure compressor
38, and the low pressure turbine 39 has a pressure ratio that is greater than about five (5:1). It
should be understood, however, that the above parameters are only exemplary of one
embodiment of a geared architecture engine and that the present disclosure is applicable to
other gas turbine engines, including direct drive turbofans.

[0038] In this embodiment of the exemplary gas turbine engine 20, a significant
amount of thrust is provided by the bypass flow path B due to the high bypass ratio. The fan
section 22 of the gas turbine engine 20 is designed for a particular flight condition--typically
cruise at about 0.8 Mach and about 35,000 feet. This flight condition, with the gas turbine
engine 20 at its best fuel consumption, is also known as bucket cruise Thrust Specific Fuel
Consumption (TSFC). TSFC is an industry standard parameter of fuel consumption per unit
of thrust.

[0039] Fan Pressure Ratio is the pressure ratio across a blade of the fan section 22
without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio according to
one non-limiting embodiment of the example gas turbine engine 20 is less than 1.45. Low
Corrected Fan Tip Speed is the actual fan tip speed divided by an industry standard
temperature correction of [(Tram°R)/(518.7 OR)]O'S. The Low Corrected Fan Tip Speed
according to one non-limiting embodiment of the example gas turbine engine 20 is less than
about 1150 fps (351 m/s).

[0040] Each of the compressor section 24 and the turbine section 28 may include
alternating rows of rotor assemblies and vane assemblies (shown schematically) that carry
airfoils that extend into the core flow path C. For example, the rotor assemblies can carry a
plurality of rotating blades 25, while each vane assembly can carry a plurality of vanes 27
that extend into the core flow path C. The blades 25 create or extract energy (in the form of
pressure) from the core airflow that is communicated through the gas turbine engine 20 along
the core flow path C. The vanes 27 direct the core airflow to the blades 25 to either add or
extract energy.

[0041] Various components of the gas turbine engine 20, including but not limited
to the airfoils of the blades 25 and the vanes 27 of the compressor section 24 and the turbine
section 28, may be subjected to repetitive thermal cycling under widely ranging temperatures
and pressures. The hardware of the turbine section 28 is particularly subjected to relatively
extreme operating conditions. Therefore, some components may require internal cooling

systems for cooling the parts during engine operation.
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[0042] Figures 2A and 2B illustrate a component 50 that can be incorporated into
a gas turbine engine, such as the gas turbine engine 20 of Figure 1. In one embodiment, the
component 50 is a turbine blade. However, the features of this disclosure may be
incorporated into any blade, vane, blade outer air seal (BOAS), combustor liner, turbine
exhaust case liner, or any other part. It should further be appreciated that any component that
includes a section that transitions from an area having a greater amount of material to an area
having a lesser amount of material may benefit from the teachings of this disclosure.

[0043] The component 50 includes a body 52 that axially extends between a
leading edge portion 54 and a trailing edge portion 56. The body 52 may additionally include
a first wall 58 (e.g., a pressure side wall) and a second wall 60 (e.g., a suction side wall) that
are spaced apart from one another and that join at each of the leading edge portion 54 and the
trailing edge portion 56.

[0044] In one embodiment, the body 52 is representative of an airfoil. For
example, the body 52 could be an airfoil that extends from a platform 51 and a root 53 where
the component 50 is a blade, or could extend between inner and outer platforms (not shown)
where the component 50 is a vane. Alternatively, the body 52 could include a platform or
any other section of the component 50.

[0045] A gas path 62 is communicated axially downstream through the gas
turbine engine 20 along the core flow path C (see Figure 1) in a direction that extends from
the leading edge portion 54 toward the trailing edge portion 56 of the body 52. The gas path
62 represents the communication of core airflow along the core flow path C.

[0046] One or more cavities 72 (see Iligure 2B) may be disposed inside of the
body 52 as part of an internal cooling circuit for cooling portions of the component 50. The
cavities 72 may extend radially, axially and/or circumferentially inside of the body 52 to
establish cooling passages for receiving a cooling fluid 68 that is circulated therein to cool the
component 50. The cooling fluid 68 may be communicated into one or more of the cavities
72 from a fluid source 70 that is external to the component 50.

[0047] The cooling fluid 68 is generally of a lower temperature than the airflow of
the gas path 62 that is communicated across the body 52. In one particular embodiment, the
cooling fluid 68 is a bleed airflow that can be sourced from the compressor section 24 or any
other portion of the gas turbine engine 20 that includes a lower temperature than the core
airflow of the gas path 62. The cooling fluid 68 can be circulated through the cavities 72 to
transfer thermal energy from the component 50 to the cooling fluid 68, thereby cooling the

component 50. The cooling circuit can include any number of cavities 72, including only a
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single cavity. The cavities 72 may either be in fluid communication with one another or
could be fluidly isolated from one another.

[0048] One or more ribs 74 (see Figure 2B) may extend between the first wall 58
and the second wall 60 of the body 52. In one embodiment, adjacent cavities 72 of the
component 50 are axially bound by ribs 74 that extend on either side of each cavity 72.

[0049] Figure 3, with continued reference to Figures 2A and 2B, is a partial cut-
away view of the component 50 illustrating portions of an internal cooling circuit 80. The
portion removed is outlined by the first wall 58, which exposes cavities 72A and 72B of the
internal cooling circuit 80 and a rib 74 that extends between the second wall 60 and the first
wall 58 for ease of reference.

[0050] In one embodiment, the rib 74 terminates at a rib end 82 prior to joining
the platform 51, thereby leaving a flow passage 84 that connects the cavities 72A, 72B. In
other words, at least a portion of the internal cooling circuit 80 may define a serpentine path
for circulating the cooling fluid 68 to cool the component 50. As discussed in greater detail
below, the rib end 82 may include a curved transition portion 86 for reducing stresses in the
rib end 82 at a location L where the rib 74 meets the second wall 60 (and/or the first wall 58
although the first wall 58 is shown removed in Figure 3).

[0051] Figure 4 illustrates an exemplary rib 74 that can be incorporated into a gas
turbine engine component, including but not limited to the component 50 illustrated in
Figures 2A, 2B and 3. The rib 74 includes a body 88 that terminates at a rib end 82. The rib
74 extends between walls W1 and W2 (or may protrude from only one of the walls W1, W2).
The walls W1, W2 may be representative of the first and second walls 58, 60 of the
component 50 described above, or could be any other internal or external wall of a gas
turbine engine component.

[0052] The rib end 82 includes a curved transition portion 86 between the rib 74
and the walls W1, W2. In one embodiment, the curved transition portion 86 extends radially
into the body 88 of the rib 74. In other words, a peak 90 of the curved transition portion 86 is
plunged into the body 88 of the rib 74.

[0053] In one embodiment, the curved transition portion 86 is a circular arch.
This disclosure is not limited to the exact configuration shown in Figure 4. In fact, the size,
position and geometry of the curved transition portion 86 may vary without departing from
the true scope and content of this disclosure. The curved transition portion 86 may include

either a constant radius or a variable radius.
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[0054] A first fillet area 92 may be disposed between the rib 74 and the first wall
W1 and a second fillet area 94 may be defined between the rib 74 and the second wall W2.
The fillet areas 92, 94 are the locations where the rib 74 meets the walls W1, W2. In one
embodiment, the curved transition portion 86 extends between the first and second fillet areas
92, 94 and is continuously curved (that is, the curved transition portion 86 includes a
continuously varied curvature).

[0055] The curved transition portion 86 reduces stress concentrations that may
exist in the fillet areas 92, 94, thereby reducing the susceptibility of the formation of fatigue
cracks in the fillet areas 92, 94. Put another way, the curved transition portion 86 eases the
stiffness transition from a first area Al of the wall W1, W2 that includes the rib 74 and a
second area A2 of the wall W1, W2 that excludes the rib 74.

[0056] Another exemplary rib 174 is illustrated by Figure 5. In this disclosure,
like reference numerals designate like elements where appropriate and reference numerals
with the addition of one-hundred or multiples thereof designate modified elements that are
understood to incorporate the same features and benefits of the corresponding original
elements. The rib 174 includes a body 188 that terminates at a rib end 182. The rib 174 may
protrude from one or more walls W.

[0057] The rib end 182 includes a curved transition portion 186. In one
embodiment, the curved transition portion 186 is an elliptical arch. This disclosure is not
intended to be limited to the exact configuration shown in Figure 5. In fact, the size, position
and geometry of the curved transition portion 186 may vary without departing from the true
scope and content of this disclosure. In one embodiment, the curved transition portion 186
includes a semi-major axis and a semi-minor axis that have different radii.

[0058] Figure 6 illustrates yet another rib 274 that may be incorporated into a gas
turbine engine component. The rib 274 includes a body 288 that terminates at a rib end 282.
The rib 274 may protrude from one or more walls W. The rib end 282 includes a curved
transition portion 286. In one embodiment, the curved transition portion 286 is formed by a
notch 99 that can be formed in the rib end 282. The size, position and geometry of the notch
99 may vary without departing from the true scope and content of this disclosure.

[0059] The curved transition portions 86, 186 and 286 described above can be
incorporated into either new or existing component designs by removing material from the
rib ends 82, 182, 282. For example, the curved transition portions 86, 186 of Figures 4 and 5
can be implemented into new component designs by removing material from existing tooling

that is used to manufacture the component. Alternatively, the curved transition portion 286
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of Figure 6 can be implemented into existing component designs by forming the notch 99 in
the rib end 282 to define the curved transition portion 286.

[0060] Although the different non-limiting embodiments are illustrated as having
specific components, the embodiments of this disclosure 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.

[0061] It should be wunderstood that like reference numerals identify
corresponding or similar elements throughout the several drawings. It should also be
understood that although a particular component arrangement is disclosed and illustrated in
these exemplary embodiments, other arrangements could also benefit from the teachings of
this disclosure.

[0062] The foregoing description shall be interpreted as illustrative and not in any
limiting sense. A worker of ordinary skill in the art would understand that certain
modifications could come within the scope of this disclosure. For these reasons, the

following claims should be studied to determine the true scope and content of this disclosure.
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CLAIMS
What is claimed is:
1. A component, comprising:
a wall; and
at least one rib that protrudes from said wall and extends to a rib end, said rib end

having a curved transition portion near a location where said at least one rib meets said wall.

2. The component as recited in claim 1, wherein said component is one of a blade, a

vane, a blade outer air seal (BOAS), a combustor liner and a turbine exhaust case liner.

3. The component as recited in claim 1, wherein said component is a turbine airfoil.

4. The component as recited in claim 1, wherein said wall defines a portion of an interior

cavity of a cooling circuit of said component.

5. The component as recited in claim 4, wherein said rib end terminates prior to another

portion of said component to form a flow passage connected to said interior cavity.

6. The component as recited in claim 1, wherein said curved transition portion is arched.

7. The component as recited in claim 1, wherein said curved transition portion includes

an elliptical arch.

8. The component as recited in claim 1, wherein said curved transition portion includes a

circular arch.

9. The component as recited in claim 1, wherein said rib end includes a notch that

defines said curved transition portion.

10. The component as recited in claim 1, wherein at least a portion of said curved

transition portion includes a continuously varied curvature.

11. The component as recited in claim 1, comprising a first fillet between said wall and

said curved transition portion.

10
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12. The component as recited in claim 11, comprising a second fillet between a second
wall and said curved transition portion, said curved transition portion extending between said

first fillet and said second fillet.

13. A gas turbine engine, comprising:

a core flow path that defines a gas path of said gas turbine engine; and
a component that extends into said core flow path, said component including:
a first wall;
a second wall; and
a rib extending between said first wall and said second wall, said rib including

a curved transition portion extending into a body of said rib.

14. The gas turbine engine as recited in claim 13, comprising a first fillet defined between

said rib and said first wall and a second fillet defined between said rib and said second wall.

15. The gas turbine engine as recited in claim 14, wherein said curved transition portion

extends between said first fillet and said second fillet.

16. The gas turbine engine as recited in claim 13, wherein said rib includes a rib end that

terminates prior to a platform of said component.

17. A method of reducing stress concentrations in a gas turbine engine component,
comprising:

defining a curved transition portion at a rib end of a rib disposed inside of a

component to reduce stress concentrations at a location where the rib meets a wall of

the component.

18. The method as recited in claim 17, wherein the step of defining includes removing

material from the rib end.

19. The method as recited in claim 18, wherein the step of removing includes forming a

notch in the rib end.

20. The method as recited in claim 17, wherein the step of defining includes removing

material from tooling used to form the component.

11



PCT/US2014/011597

WO 2014/116475

1/4

<C
]

I~
N
Qiﬁ 0000000

6¢

NE

\

HJ—




2/4

30N0S|_ -89
0,1 a3

2/ 4‘/ =
d==
—- QG

96— 149

——

1G




WO 2014/116475 PCT/US2014/011597

3/4




WO 2014/116475

PCT/US2014/011597

J74
88
W1 W2
' 90 ~
AT AT
G4 L] /88 § Wi
( 82 ]
A2 92 A2
174+
188
Iw
182'—"\
FIG.S5 186
2741 988
£99
AW




International application No.

PCT/US2014/011597

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
FO1D 5/18(2006.01)i, FO2C 7/12(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)
FO1D 5/18; FO4D 29/38; FO1D 5/14; FO1D 9/06; FO2C 7/12

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: gas turbine engine, turbine blade, wall, rib, cooling, curved transition, and stress concentration

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See column 6, lines 20-47 and figures 7-8.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2008-0050244 Al (CHEROLIS et al.) 28 February 2008 1-20
See paragraphs [0015]-[0018], claims 1-2, 10, and figures 1-3.
A US 2011-0033305 A1l (AHMAD et al.) 10 February 2011 1-20
See paragraphs [0023]-[0029] and figures 1-3.
A US 2012-0230833 Al (MAHLER et al.) 13 September 2012 1-20
See paragraphs [0049]-[0051] and figures 5-6.
A US 5464322 A (CUNHA et al.) 07 November 1995 1-20
See column 5, line 1 - column 6, line 43 and figures 3-5.
A US 6056505 A (CUNHA et al.) 02 May 2000 1-20

|:| 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

28 April 2014 (28.04.2014)

Date of mailing of the international search report

28 April 2014 (28.04.2014)

Name and mailing address of the [ISA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

LEE, Chang Ho

Telephone No. +82-42-481-8398

JRRCROSON
& >

A \‘{\\
AR \\\

NS
‘Y\\Q\“i‘\\\\,\

N

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/011597
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0050244 Al 28/02/2008 US 7713027 B2 11/05/2010
US 2011-0033305 Al 10/02/2011 AT 531899 T 15/11/2011
CN 101960096 A 26/01/2011
EP 2245273 Al 03/11/2010
EP 2245273 Bl 02/11/2011
ES 2374520 T3 17/02/2012
JP 04971507 B2 11/07/2012
JP 2011-513623 A 28/04/2011
US 8602741 B2 10/12/2013
WO 2009-106462 Al 03/09/2009
US 2012-0230833 Al 13/09/2012 AU 2012-200535 Al 27/09/2012
CH 704616 Al 14/09/2012
EP 2497903 A2 12/09/2012
US 5464322 A 07/11/1995 EP 0698724 A2 28/02/1996
EP 0698724 Bl 17/05/2000
JP 08-177405 A 09/07/1996
US 6056505 A 02/05/2000 EP 0835985 A2 15/04/1998
EP 0835985 A3 03/11/1999
JP 10-159501 A 16/06/1998
KR 10-1998-0024232 A 06/07/1998
US 5842829 A 01/12/1998
US 6183194 B1 06/02/2001

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 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

