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(54) Combustor and method for supplying fuel to a combustor

(67)  Acombustorincludes an end cover (16), an end
cap (18) downstream from the end cover (16), and tubes
(30) that extend through the end cap (18). An outer sup-
port tube (42) extends downstream from the end cover
(16) and connects to an upstream surface (26) of the end
cap (18). Aninner supporttube (40) extends downstream
from the end cover (16) and connects to a downstream

surface (28) of the end cap (18). A first plenum (50) sur-
rounds the inner supporttube (40) between the end cover
(16) and the upstream surface (26) and extends radially
between the upstream and downstream surfaces
(26,28). A second plenum surrounds the first plenum (50)
between the end cover (16) and the upstream surface
(28) and extends radially between the upstream and
downstream surfaces (16,28).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention generallyinvolves acom-
bustor and method for supplying fuel to a combustor.

BACKGROUND OF THE INVENTION

[0002] Combustors are commonly used in industrial
and power generation operations to ignite fuel to produce
combustion gases having a high temperature and pres-
sure. For example, gas turbines typically include one or
more combustors to generate power or thrust. A typical
gas turbine used to generate electrical power includes
an axial compressor at the front, one or more combustors
around the middle, and a turbine at the rear. Ambient air
may be supplied to the compressor, and rotating blades
and stationary vanes in the compressor progressively
impart kinetic energy to the working fluid (air) to produce
a compressed working fluid at a highly energized state.
The compressed working fluid exits the compressor and
flows through one or more nozzles into a combustion
chamber in each combustor where the compressed
working fluid mixes with fuel and ignites to generate com-
bustion gases having a high temperature and pressure.
The combustion gases expand in the turbine to produce
work. For example, expansion of the combustion gases
in the turbine may rotate a shaft connected to a generator
to produce electricity.

[0003] Various design and operating parameters influ-
ence the design and operation of combustors. For exam-
ple, higher combustion gas temperatures generally im-
prove the thermodynamic efficiency of the combustor.
However, higher combustion gas temperatures also pro-
mote flashback or flame holding conditions in which the
combustion flame migrates towards the fuel being sup-
plied by the nozzles, possibly causing severe damage to
the nozzles in a relatively short amount of time. In addi-
tion, localized hot streaks in the combustion chamber
may increase the disassociation rate of diatomic nitro-
gen, increasing the production of nitrogen oxides (NOy)
at higher combustion gas temperatures. Conversely,
lower combustion gas temperatures associated with re-
duced fuel flow and/or part load operation (turndown)
generally reduce the chemical reaction rates of the com-
bustion gases, increasing the production of carbon mon-
oxide and unburned hydrocarbons.

[0004] In a particular combustor design, a plurality of
tubes may be radially arranged in an end cap to provide
fluid communication for the working fluid to flow through
the end cap and into the combustion chamber. A fuel
and/or a diluent may be supplied to the end cap and in-
jected into the tubes to enhance mixing between the
working fluid and fuel prior to combustion. The enhanced
mixing between the working fluid and fuel prior to com-
bustion reduces hot streaks in the combustion chamber
that can be problematic with higher combustion gas tem-
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peratures. As a result, the tubes are effective at prevent-
ing flashback or flame holding and/or reducing NOy pro-
duction, particularly at higher operating levels. However,
an improved combustor and method for supplying fuel to
the combustor that allows for staged fueling, multiple fu-
els, and/or diluents to be supplied to the tubes without
obstructing the tubes would be useful.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention are
set forth below in the following description, or may be
obvious from the description, or may be learned through
practice of the invention.

[0006] One aspect of the present invention is a com-
bustor that includes an end cover and an end cap down-
stream from the end cover that extends radially across
at least a portion of the combustor. The end cap includes
an upstream surface axially separated from a down-
stream surface. A plurality of tubes extends from the up-
stream surface through the downstream surface to pro-
vide fluid communication through the end cap. An outer
support tube extends downstream from the end cover
and connects to the upstream surface of the end cap. An
inner support tube extends downstream from the end
cover and connects to the downstream surface of the
end cap. A first plenum surrounds the inner support tube
between the end cover and the upstream surface, and
the first plenum extends radially between the upstream
and downstream surfaces. A second plenum surrounds
the first plenum between the end cover and the upstream
surface, and the second plenum extends radially be-
tween the upstream and downstream surfaces.

[0007] Another aspect of the present invention is a
combustor that includes an end cover and a fuel conduit
that extends downstream from the end cover. A down-
stream surface connected to the fuel conduit extends ra-
dially across at least a portion of the combustor. An up-
stream surface axially separated from the downstream
surface extends radially across at least a portion of the
combustor. A plurality of tubes extends from the up-
stream surface through the downstream surface to pro-
vide fluid communication through the upstream and
downstream surfaces. A first plenum surrounds the fuel
conduit between the end cover and the upstream surface,
and the first plenum extends radially between the up-
stream and downstream surfaces. A second plenum that
surrounds the first plenum between the end cover and
the upstream surface, and the second plenum extends
radially between the upstream and downstream surfac-
es.

[0008] The present invention may also resides in a
method for supplying fuel to a combustor. The method
includes flowing a working fluid through a plurality of
tubes radially arranged in an end cap, wherein the end
cap extends radially across at least a portion of the com-
bustor. The method further includes flowing at least one
of a first fuel or a first diluent through a first plenum,
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wherein the first plenum is at least partially defined by an
inner supporttube that connects to adownstream surface
of the end cap, and flowing at least one of a second fuel
or a second diluent through a second plenum that cir-
cumferentially surrounds at least a portion of the first ple-
num, wherein the second plenum is at least partially de-
fined by an outer support tube that connects to an up-
stream surface of the end cap.

[0009] Those of ordinary skill in the art will better ap-
preciate the features and aspects of such embodiments,
and others, upon review of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

Fig. 1 is a simplified cross-section view of an exem-
plary combustor according to one embodiment of the
present invention; and

Fig. 2is adownstream cross-section view of the com-
bustor shown in Fig. 1 taken along line A-A.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Reference will now be made in detail to present
embodiments of the invention, one or more examples of
which are illustrated in the accompanying drawings. The
detailed description uses numerical and letter designa-
tions to refer to features in the drawings. Like or similar
designations in the drawings and description have been
used to refer to like or similar parts of the invention. As
used herein, the terms "first", "second", and "third" may
be used interchangeably to distinguish one component
from another and are not intended to signify location or
importance of the individual components. In addition, the
terms "upstream" and "downstream" refer to the relative
location of components in a fluid pathway. For example,
component A is upstream from component B if a fluid
flows from component A to component B. Conversely,
component B is downstream from component A if com-
ponent B receives a fluid flow from component A.
[0012] Eachexampleis provided by way of explanation
of the invention, not limitation of the invention. In fact, it
will be apparent to those skilled in the art that modifica-
tions and variations can be made in the present invention
without departing from the scope or spirit thereof. For
instance, features illustrated or described as part of one
embodiment may be used on another embodiment to
yield a still further embodiment. Thus, it is intended that
the present invention covers such modifications and var-
iations as come within the scope of the appended claims
and their equivalents.

[0013] Various embodiments of the present invention
provide a combustor and method for supplying fuel to a
combustor. The combustor generally includes a plurality
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of tubes radially arranged in an end cap to enhance mix-
ing between a working fluid and fuel prior to combustion.
In particular embodiments, aninner and an outer support
may connect to the end cap, and multiple plenums may
supply one or more fuels and/or diluents to the end cap
to flow through the tubes. In other particular embodi-
ments, a fuel conduit may connect to the end cap to sup-
port the end cap, and plenums surrounding the fuel ple-
num may supply one or more fuels and/or diluents to the
end cap to flow through the tubes. In this manner, the
various embodiments within the scope of the present in-
vention may reduce flow disturbances through the tubes,
increase structural support provided to the end cap, re-
duce manufacturing costs of the combustor, and/or en-
able staged fueling and/or multiple fuels and/or diluents
to be supplied to the tubes over a wide range of operating
conditions without exceeding design margins associated
with flashback, flame holding, and/or emissions limits.
Although exemplary embodiments of the present inven-
tion will be described generally in the context of a com-
bustor incorporated into a gas turbine for purposes of
illustration, one of ordinary skill in the art will readily ap-
preciate that embodiments of the present invention may
be applied to any combustor and are not limited to a gas
turbine combustor unless specifically recited in the
claims.

[0014] Fig. 1 provides a simplified cross-section view
of an exemplary combustor 10 according to one embod-
iment of the present invention, and Fig. 2 provides a
downstream cross-section view of the combustor shown
in Fig. 1 taken along line A-A. As shown, a casing 12
generally surrounds the combustor 10 to contain a work-
ing fluid 14 flowing to the combustor 10, and an end cover
16 provides an interface for supplying fuel, diluent, and/or
other additives to the combustor 10. Possible diluents
may include, for example, water, steam, working fluid,
air, fuel additives, various inert gases such as nitrogen,
and/or various non-flammable gases such as carbon di-
oxide or combustion exhaust gases supplied to the com-
bustor 10. An end cap 18 may extend radially across at
least a portion of the combustor 10, and the casing 12
may circumferentially surround at least a portion of the
end cap 18 to define an annular passage 20 between the
end cap 18 and the casing 12. The end cap 18 and a
liner 22 may define at least a portion of a combustion
chamber 24 downstream from the end cap 18. In this
manner, the working fluid 14 may flow through the annu-
lar passage 20 along the outside of the liner 22 to provide
convective cooling to the liner 22. When the working fluid
14 reaches the end cover 16, the working fluid 14 may
reverse direction to flow through the end cap 18 and into
the combustion chamber 24.

[0015] The end cap 18 may include an upstream sur-
face 26 axially separated from a downstream surface 28,
and a shroud 29 may surround the upstream and down-
stream surfaces 26, 28. A plurality oftubes 30 may extend
axially from the upstream surface 26 to the downstream
surface 28 to provide fluid communication through the
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end cap 18. The particular shape, size, number, and ar-
rangement of the tubes 30 may vary according to partic-
ular embodiments. For example, the tubes 30 are gen-
erally illustrated as having a cylindrical shape; however,
alternate embodiments within the scope of the present
invention may include tubes having virtually any geomet-
ric cross-section. In addition, the tubes 30 may be radially
arranged across the end cap 18 in one or more sets or
groups of various shapes and sizes, with each set of
tubes 30 having one or more separate fuel supplies. For
example, multiple tubes 30 may be radially arranged
around a fuel nozzle, or multiple sets of tubes 30 may be
radially arranged across the end cap 18. One or more
fluid conduits may provide one or more fuels, diluents,
and/or other additives to each set of tubes 30, and the
type, fuel content, and reactivity of the fuel and/or diluent
may vary for each fluid conduit or set of tubes. In this
manner, different types, flow rates, and/or additives may
be supplied to one or more sets of tubes to enhance
staged fueling of the tubes 30 over a wide range of op-
erating conditions.

[0016] The combustor 10 may include one or more
structures that extend downstream from the end cover
16 to support the end cap 18 and/or provide various fluid
passages between the end cover 16 and the end cap 18.
For example, as shown in Fig. 1, the combustor 10 may
include an inner support tube 40 and an outer support
tube 42 that extend downstream from the end cover 16.
The inner support tube 40 may connect to the down-
stream surface 28 of the end cap 18 to partially support
the end cap 18 axially inside the combustor 10. In par-
ticular embodiments, the inner support tube 40 may also
function as orinclude a fuel conduit 40 that extends down-
stream from the end cover 16 to define a fuel plenum 44
inside the inner support tube 40. In this manner, the inner
support tube/fuel conduit 40 may provide fluid commu-
nication from the end cover 16 to the end cap 18 to supply
fuel to the end cap 18 and/or combustion chamber 24.
[0017] Theoutersupporttube 42 may circumferentially
surround the inner support tube 40 and connect to the
upstream surface 26 of the end cap 18 to partially support
the end cap 18 axially inside the combustor 10. In addi-
tion, the outer support tube 42 may define one or more
fluid passages between the end cover 16 and the end
cap 18. For example, as shown in Fig. 1, a barrier 46
may extend axially between the inner and outer support
tubes 40, 42 upstream from the upstream surface 26 to
partially define first and second plenums 50, 52 between
the inner and outer support tubes 40, 42. Downstream
from the upstream surface 26, the barrier 46 may extend
radially between the first and second plenums 50, 52 to
further separate the first and second plenums 50, 52 in-
side the end cap 18. As a result, the first plenum 50 may
circumferentially surround the inner support tube/fuel
conduit 40 between the end cover 16 and the upstream
surface 26 before extending radially inside the end cap
18 between the upstream and downstream surfaces 26,
28. Similarly, the second plenum 52 may circumferen-
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tially surround the first plenum 50 between the end cover
16 and the upstream surface 26 before extending radially
inside the end cap 18 between the upstream and down-
stream surfaces 26, 28. In the particular embodiment
shown in Fig. 1, the first plenum 50 thus extends radially
inside the end cap 18 downstream from the second ple-
num 52 with respect to the direction of the working fluid
14 through the end cap 18.

[0018] The first and second plenums 50, 52 provide
fluid communication between the end cover 16 and the
end cap 18 to allow various fuels, diluents, or other fluid
additives to be supplied to the tubes 30. Each tube 30 in
turn may include one or more ports 54 that provide fluid
communication through the tube 30 from the first and/or
second fuel plenums 50, 52. The ports 54 may be angled
radially, axially, and/or azimuthally to project and/or im-
part swirl to the fluid flowing through the ports 54 and into
the tubes 30. In addition, the particular number, size, and
location of the ports 54 in the tubes 30 may be varied to
allow staged fluid flow to the tubes 30. For example, as
shown in Fig. 1, a first set of tubes 60 may include ports
54 that provide fluid communication with only the first
plenum 50, and a second set of tubes 62 may include
ports 54 that provide fluid communication with only the
second plenum 52. In this manner, the working fluid 14
may flow outside of the end cap 18 through the annular
passage 20 until itreaches the end cover 16 and reverses
direction to flow through the tubes 30. In addition, a first
fuel or diluent may flow around the tubes 30 in the first
plenum 50 to provide convective cooling to the tubes 30
before flowing through the ports 54 and into the first set
of tubes 60 to mix with the working fluid 14. Similarly, a
second fuel or diluent may flow around the tubes 30 in
the second plenum 52 to provide convective cooling to
the tubes 30 before flowing through the ports 54 and into
the second set of tubes 60 to mix with the working fluid
14. The mixture from each set of tubes 60, 62 may then
flow into the combustion chamber 24.

[0019] The combustor 10 may also include additional
structures for supporting the end cap 18 and/or allowing
thermal expansion between the various components. For
example, as shown in the particular embodiment illus-
trated in Figs. 1 and 2, the combustor 10 may include a
flexible coupling 64 between the end cover 16 and the
inner support tube/fuel conduit 40 and/or the barrier 46.
The flexible coupling 64 may include an expansion joint,
bellows, or other device that allows for axial displacement
of the inner support tube/fuel conduit 40 and/or barrier
46 caused by thermal expansion and contraction of the
outer support tube 42 and/or tubes 30.

[0020] One of ordinary skill in the art will readily appre-
ciate that alternate locations and/or combinations of flex-
ible couplings 64 are within the scope of various embod-
iments of the present invention, and the specific location
or number of flexible couplings 64 is not a limitation of
the present invention unless specifically recited in the
claims.

[0021] Asfurthershownin Figs. 1and 2, the combustor
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10 may also include a support 66 that extends radially
between the end cap 18 and the casing 12 in the annular
passage 20. The support 66 may have an airfoil shape
to reduce flow resistance of the working fluid 14 flowing
across the support 66 in the annular passage 20. In par-
ticular embodiments, the support 66 may be angled to
impart swirl to the working fluid 14 flowing through the
annular passage 20. Alternately or in addition, the com-
bustor 10 may include a cap shield 68 that circumferen-
tially surrounds the end cap 18 and/or a sliding engage-
ment 70 between the end cap 18 and the cap shield 68.
[0022] The cap shield 68 may be connected to the sup-
port 66 and/or the shroud 29 that surrounds the end cap
18. The sliding engagement 70 may include a spring
washer, a hula seal, or similar device and may extend
continuously around the end cap 18 or in segments
around the end cap 18, as shown in Fig. 2, to allow axial
movement ofthe end cap 18 with respect to the cap shield
68 and/or support 66. In particular embodiments, the slid-
ing engagement 70 may also provide a variable radial
stiffness to the end cap 18 to allow slight modifications
to the natural or resonant frequency of the end cap 18.

[0023] The various embodiments shown in Figs. 1 and
2 provide multiple combinations of methods for supplying
fuel to the combustor 10. For example, the working fluid
14 may be supplied through the annular passage 20 and
tubes 30 radially arranged in the end cap 18. A first fuel
or afirst diluent may be supplied through the first plenum
50 to the first set of tubes 60, and a second fuel or a
second diluent may be supplied through the second ple-
num 52 to the second set of tubes 62. Alternately, or in
addition, a third fuel or third diluent may be supplied
through the fuel plenum 44 to the combustion chamber
24. Thefirst, second, and third fuels and diluents may be
the same or different, thus providing very flexible meth-
ods for providing staged fueling to various locations
across the combustor 10 to enable the combustor 10 to
operate over a wide range of operating conditions without
exceeding design margins associated with flashback,
flame holding, and/or emissions limits.

[0024] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they include structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

[0025] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A combustor, comprising:
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a. an end cover;

b. a fuel conduit that extends downstream from
the end cover;

c. a downstream surface connected to the fuel
conduit, wherein the downstream surface ex-
tends radially across at least a portion of the
combustor;

d. an upstream surface axially separated from
the downstream surface, wherein the upstream
surface extends radially across at least a portion
of the combustor;

e. a plurality of tubes that extends from the up-
stream surface through the downstream surface
to provide fluid communication through the up-
stream and downstream surfaces;

f. a first plenum that surrounds the fuel conduit
between the end cover and the upstream sur-
face, wherein the first plenum extends radially
between the upstream and downstream surfac-
es; and

g. a second plenum that surrounds the first ple-
num between the end cover and the upstream
surface, wherein the second plenum extends ra-
dially between the upstream and downstream
surfaces.

2. The combustor as in clause 1, wherein the first
plenum extends radially between the upstream and
downstream surfaces downstream from the second
plenum.

3. The combustor as in clause 1 or 2, wherein the
first plenum is in fluid communication with a first set
of the plurality of tubes and the second plenum is in
fluid communication with a second set of the plurality
of tubes.

4. The combustor as in any of clauses 1 to 3, further
comprising a barrier that extends between the first
and second plenums.

5. The combustor as in any of clauses 1 to 4, further
comprising an outer support tube that extends down-
stream from the end cover and connects to the up-
stream surface.

6. The combustor as in any preceding clause, further
comprising a flexible coupling between the end cover
and the fuel conduit.

7. The combustor as in any preceding clause, further
comprising a barrier that extends between the first
and second plenums, wherein the barrier extends
axially between the first and second plenums up-
stream from the upstream surface.

8. The combustor as in clause 7, wherein the barrier
extends radially between the first and second ple-
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nums downstream from the upstream surface.

Claims

1.

A combustor (10), comprising:

a. an end cover (16);

b. an end cap (18) downstream from the end
cover (16) that extends radially across at least
a portion of the combustor (10), wherein the end
cap (18) comprises an upstream surface (26)
axially separated from a downstream surface
(28);

c. a plurality of tubes (30) that extends from the
upstream surface (26) through the downstream
surface (28) to provide fluid communication
through the end cap (18);

d. an outer support tube (42) that extends down-
stream from the end cover (16) and connects to
the upstream surface (28) of the end cap (18);
e. aninner support tube (40) that extends down-
stream from the end cover (16) and connects to
the downstream surface (28) ofthe end cap (18);
f. a first plenum (50) that surrounds the inner
support tube (40) between the end cover (16)
and the upstream surface (26), wherein the first
plenum (50) extends radially between the up-
stream and downstream surfaces (26,28); and
g. a second plenum (52) that surrounds the first
plenum (50) between the end cover (16) and the
upstream surface (26), wherein the second ple-
num (52) extends radially between the upstream
and downstream surfaces (26,28).

The combustor asin claim 1, wherein the first plenum
(50) extends radially inside the end cap (18) down-
stream from the second plenum (52).

The combustor as in claim 1 or 2, wherein the first
plenum (50) is in fluid communication with a first set
of the plurality of tubes (60) and the second plenum
(52) is in fluid communication with a second set of
the plurality of tubes (62).

The combustor as in any of claims 1 to 3, further
comprising a barrier (46) that extends between the
firstand second plenums (50,52), wherein the barrier
(46) extends axially between the first and second
plenums (50,52) upstream from the upstream sur-
face (26).

The combustor as in claim 4, wherein the barrier (46)
extends radially between the first and second ple-
nums (50,52) downstream from the upstream sur-
face (26).

The combustor as in any of claims 1 to 5, further
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comprising a fuel plenum (44) inside the inner sup-
port tube (40).

The combustor as in any preceding claim, further
comprising a casing (12) that circumferentially sur-
rounds at least a portion of the end cap (18) to define
an annular passage (20) between the end cap (18)
and the casing (12) and a support extends (66) ra-
dially between the end cap (18) and the casing (12)
in the annular passage (20).

The combustor as in any preceding claim, further
comprising a cap shield (68) that circumferentially
surrounds the end cap (18).

The combustor as in claim 8, further comprising a
sliding engagement (70) between the end cap (18)
and the cap shield (68).

10. A method for supplying fuel to a combustor (10),

comprising:

a. flowing a working fluid (14) through a plurality
of tubes (30) radially arranged in an end cap
(18), wherein the end cap (18) extends radially
across at least a portion of the combustor (10);
b. flowing at least one of a first fuel or a first
diluent through a first plenum (50), wherein the
first plenum (50) is at least partially defined by
an inner support tube (40) that connects to a
downstream surface (28) of the end cap (18);
and

c. flowing at least one of a second fuel or a sec-
ond diluent through a second plenum (52) that
circumferentially surrounds at least a portion of
the first plenum (50), wherein the second ple-
num (52) is at least partially defined by an outer
support tube (42) that connects to an upstream
surface (26) of the end cap (18).

11. The method as in claim 10, further comprising flow-

ing a third fuel inside the inner support tube (40).

12. The method as in claim 11, further comprising flow-

ing at least one of the first fuel or first diluent radially
inside the end cap (18) downstream from the second
plenum (52).



EP 2 592 345 A1

\
AN




EP 2 592 345 A1




EP 2 592 345 A1

)

Européisches
Patentamt
European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT Application Number

EP 12 19 1369

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate,

Category of relevant passages E)ecitleavi;m ilﬁéﬁ%ﬂ'ﬁénoyp%ﬁ e
X GB 2 197 714 A (FREIBERG BRENNSTOFFINST; 1,2,6-8,] INV.

GNII PI AZOTNOJ) 25 May 1988 (1988-05-25)
* page 4, line 22 - page 6, line 19;
figure 1 *

US 20107031662 Al (ZUO BAIFANG [US])

11 February 2010 (2010-02-11)

* paragraph [0016] - paragraph [0018];
figure 3 *

EP 2 236 931 A2 (GEN ELECTRIC [US])

6 October 2010 (2010-10-06)

* paragraph [0010] - paragraph [0028];
figures 2-6,9 *

US 4 100 733 A (STRIEBEL EDMUND EMIL ET
AL) 18 July 1978 (1978-07-18)

* column 2, line 43 - column 4, line 39;
figures 1-3 *

10-12 F23R3/28

TECHNICAL FIELDS
SEARCHED  (IPC)

F23R
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 31 January 2013 Theis, Gilbert

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding




EP 2 592 345 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 19 1369

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

31-01-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2197714 A 25-05-1988 CS 8705517 Al 12-05-1989
DE 3726875 Al 26-05-1988
GB 2197714 A 25-05-1988
JP 63135706 A 08-06-1988
US 2010031662 Al 11-02-2010 AU 2009202911 Al 25-02-2010
CA 2668219 Al 05-02-2010
CN 101644171 A 10-02-2010
EP 2151627 A2 10-02-2010
US 2010031662 Al 11-02-2010
EP 2236931 A2 06-10-2010  CN 101839487 A 22-09-2010
EP 2236931 A2 06-10-2010
JP 2010216799 A 30-09-2010
US 2010236247 Al 23-09-2010
US 4100733 A 18-07-1978  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

10




	bibliography
	description
	claims
	drawings
	search report

