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(57) ABSTRACT

An intermediate-casing structure for a compressor in a gas
turbine engine, in particular an aircraft engine, having a
plurality of components including at least one static blade
row for deflecting at least one airflow entering the interme-
diate-casing structure, and at least one ring, on which the
blade rows are radially arranged, characterized in that at
least one first component of the intermediate-casing struc-
ture is formed from composite material, in particular fiber-
composite material, or exhibits composite material, and at
least one second component of the intermediate-casing
structure is formed from metal or exhibits metal. Further-
more, the invention relates to a gas turbine device.

‘3‘."" N
58
\“\.

g




Patent Application Publication  Jun. 25, 2020 Sheet 1 of 5 US 2020/0200022 A1

7 Vo
l/ 7 ,] !

i
!

9 36 3032 98 34 25 26

Fig. 2



Patent Application Publication  Jun. 25, 2020 Sheet 2 of 5 US 2020/0200022 A1




US 2020/0200022 A1

Jun. 25,2020 Sheet 3 of 5

Patent Application Publication




Patent Application Publication  Jun. 25, 2020 Sheet 4 of 5 US 2020/0200022 A1




Patent Application Publication  Jun. 25, 2020 Sheet 5 of 5 US 2020/0200022 A1




US 2020/0200022 Al

INTERMEDIATE CASING FOR A
COMPRESSOR IN A GAS TURBINE ENGINE
AND A GAS TURBINE ENGINE

[0001] The present disclosure relates to an intermediate-
casing structure for a compressor device of a gas turbine
engine having the features of claim 1 and to a gas turbine
device having the features of claim 13.

[0002] Gas turbine engines, for example aircraft engines,
typically have regions with very different operating condi-
tions. Thus, for example in an aircraft engine, the regions of
the compressor, of the turbine and of the combustion cham-
ber differ very greatly in terms of operating parameters.
Therefore, it is necessary to use components that are each
adapted to the operating conditions (pressure, temperature,
flow conditions etc.).

[0003] US 2017/0241291 Al, for example, discloses sur-
rounding the turbine region in an aircraft engine with an
intermediate-casing device radially on the outside. Interme-
diate-casing devices have the objective of directing the
entering airflow in a particular direction. Furthermore, inter-
mediate-casing devices also have structural objectives in
order to absorb and/or to distribute mechanical loads within
the aircraft engine.

[0004] Other regions in an aircraft engine, for example a
compressor region, also sometimes have an intermediate-
casing structure (see for example US 2018/0023406 Al).
[0005] Therefore, it is necessary to provide corresponding
mechanically stable and weight-efficient intermediate-cas-
ing structures.

[0006] In one aspect of the solution proposed herein, the
intermediate-casing structure is arranged for a compressor in
a gas turbine engine, in particular an aircraft engine. The
intermediate-casing structure is constructed from several
components. In this case, the components include at least
one static blade row for deflecting at least one airflow
entering the intermediate-casing structure. The airflow can
be for example a bypass airflow or a core airflow. Further-
more, the components include at least one ring on which the
blade rows are radially arranged.

[0007] In this case, at least one first component of the
intermediate-casing structure is formed from composite
material, in particular fiber-composite material, or exhibits
composite material, and at least one second component of
the intermediate-casing structure is formed from metal or
exhibits metal.

[0008] The apportioning of the materials to different com-
ponents creates possibilities for a loading-appropriate and
weight-efficient construction.

[0009] In this case, in one embodiment, at least one
radially arranged stabilizing strut can be arranged between
two rings that are arranged concentrically with one another,
in order to confer mechanical stability on the ring structure
with the blade rows.

[0010] In this case, in one embodiment, the at least one
first component, i.e. the component made of or exhibiting
composite material, can be exposed to lower mechanical
loading in operation than the at least one second component.
In particular, the at least one first component can experience
quite predominantly aecrodynamic loading in operation.
[0011] Thus, it is possible for example for the at least one
first component to be designed as a static blade row and/or
as an outer ring at the outer circumference of the interme-
diate-casing structure.
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[0012] In addition or alternatively, the at least one second
component can experience predominantly mechanical load-
ing from solid bodies (for example transmit compressive
forces, tensile forces, torsional moments, vibrations via solid
components) during operation, i.e. not aerodynamic loading.
In this case, the at least one second component can be
designed as a ring on which blade rows are arranged. In one
particular embodiment, the at least one second component
comprises an inner ring, a middle ring and an outer ring,
wherein the rings are arranged concentrically with one
another.

[0013] For easier assembly, the at least one second com-
ponent can have at least one fastening element, in particular
on the outer side of the outer ring. The fastening element can
be designed for example as an eyelet or as a perforated plate,
such that a hook can engage for lifting.

[0014] The at least one second component, i.e. the one that
is made of metal or exhibits metal, also has at least one
stabilizing strut, since it has to absorb primarily mechanical
loads from solid bodies. In this case, the at least one
stabilizing strut can be formed integrally with a fastening
element and/or with the middle ring. The integral design
allows for example efficient production by a casting method.
It is also possible for the at least one stabilizing strut to have
an aerodynamically active profile, such that, in addition to
the mechanical stabilizing function, it is also provided with
an aerodynamic function.

[0015] It is also possible to provide a gas turbine engine
with one embodiment of an intermediate-casing structure.

[0016] As noted elsewhere herein, the present disclosure
may relate to a gas turbine engine, e.g. an aircraft engine.
Such a gas turbine engine may comprise a core engine
comprising a turbine, a combustor, a compressor, and a core
shaft connecting the turbine to the compressor. Such a gas
turbine engine may comprise a fan (with fan blades) which
is positioned upstream of the core engine.

[0017] Arrangements of the present disclosure may be
particularly, although not exclusively, beneficial for geared
fans, which are driven via a gearbox. Accordingly, the gas
turbine engine can comprise a gearbox which is driven via
the core shaft and the output of which drives the fan in such
a way that it has a lower speed than the core shaft. The input
to the gearbox may be directly from the core shaft, or
indirectly via the core shaft, for example via a spur shaft
and/or gear. The core shaft may be rigidly connected to the
turbine and the compressor, such that the turbine and com-
pressor rotate at the same speed (with the fan rotating at a
lower speed).

[0018] The gas turbine engine as described and/or claimed
herein may have any suitable general architecture. For
example, the gas turbine engine may have any desired
number of shafts that connect turbines and compressors, for
example one, two or three shafts. Purely by way of example,
the turbine connected to the core shaft may be a first turbine,
the compressor connected to the core shaft may be a first
compressor, and the core shaft may be a first core shaft. The
core engine may further comprise a second turbine, a second
compressor, and a second core shaft connecting the second
turbine to the second compressor. The second turbine, sec-
ond compressor, and second core shaft may be arranged to
rotate at a higher rotational speed than the first core shaft.
[0019] In such an arrangement, the second compressor
may be positioned axially downstream of the first compres-
sor. The second compressor may be arranged to receive (for
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example directly receive, for example via a generally annu-
lar duct) a flow from the first compressor.

[0020] The gearbox may be designed to be driven by the
core shaft that is configured to rotate (for example in use) at
the lowest rotational speed (for example the first core shaft
in the example above). For example, the gearbox may be
designed to be driven only by the core shaft that is config-
ured to rotate (for example in use) at the lowest rotational
speed (for example only by the first core shaft, and not the
second core shaft, in the example above). Alternatively, the
gearbox may be designed to be driven by one or more shafts,
for example the first and/or second shaft in the example
above.

[0021] In any gas turbine engine as described and/or
claimed herein, a combustor may be provided axially down-
stream of the fan and compressor or compressors. For
example, the combustor may be directly downstream of (for
example at the exit of) the second compressor, where a
second compressor is provided. By way of further example,
the flow at the exit to the compressor may be provided to the
inlet of the second turbine, where a second turbine is
provided. The combustor may be provided upstream of the
turbine(s).

[0022] The or each compressor (for example the first
compressor and second compressor as described above) may
comprise any number of stages, for example multiple stages.
Each stage may comprise a row of rotor blades and a row of
stator vanes, which may be variable stator vanes (i.e. the
angle of incidence may be variable). The row of rotor blades
and the row of stator vanes may be axially offset with respect
to each other.

[0023] The or each turbine (for example the first turbine
and second turbine as described above) may comprise any
number of stages, for example multiple stages. Each stage
may comprise a row of rotor blades and a row of stator
vanes. The row of rotor blades and the row of stator vanes
may be axially offset with respect to each other.

[0024] Each fan blade may have a radial span extending
from a root (or hub) at a radially inner gas-washed location,
or from a 0% span position, to a tip with a 100% span
position. The ratio of the radius of the fan blade at the hub
to the radius of the fan blade at the tip may be less than (or
on the order of) any of the following: 0.4, 0.39, 0.38, 0.37,
0.36, 0.35, 0.34, 0.33, 0.32, 0.31, 0.3, 0.29, 0.28, 0.27, 0.26
or 0.25. The ratio of the radius of the fan blade at the hub to
the radius of the fan blade at the tip may be in an inclusive
range bounded by two values in the previous sentence (i.e.
the values may form the upper or lower bounds). These
ratios may commonly be referred to as the hub-to-tip ratio.
The radius at the hub and the radius at the tip may both be
measured at the leading edge (or axially forwardmost edge)
of the blade. The hub-to-tip ratio refers, of course, to the
gas-washed portion of the fan blade, i.e. the portion radially
outside any platform.

[0025] The radius of the fan may be measured between the
engine centreline and the tip of the fan blade at its leading
edge. The fan diameter (which may generally be twice the
radius of the fan) may be greater than (or on the order of) any
of the following: 250 cm (around 100 inches), 260 cm
(around 102 inches), 270 cm (around 105 inches), 280 cm
(around 110 inches), 290 cm (around 115 inches), 300 cm
(around 120 inches), 310 cm (around 122 inches), 320 cm
(around 125 inches), 330 cm (around 130 inches), 340 cm
(around 135 inches), 350 cm (around 138 inches), 360 cm
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(around 140 inches), 370 cm (around 145 inches), 380 cm
(around 150 inches) or 390 cm (around 155 inches). The fan
diameter may be in an inclusive range bounded by any two
of the values in the previous sentence (i.e. the values may
form the upper or lower bounds).

[0026] The rotational speed of the fan may vary in opera-
tion. Generally, the rotational speed is lower for fans with a
larger diameter. Purely by way of non-limitative example,
the rotational speed of the fan at cruise conditions may be
less than 2500 rpm, for example less than 2300 rpm. Purely
by way of further non-limitative example, the rotational
speed of the fan at cruise conditions for an engine having a
fan diameter in the range of from 250 cm to 300 cm (for
example 250 cm to 280 cm) may be in the range of from
1700 rpm to 2500 rpm, for example in the range of from
1800 rpm to 2300 rpm, for example in the range of from
1900 rpm to 2100 rpm. Purely by way of further non-
limitative example, the rotational speed of the fan at cruise
conditions for an engine having a fan diameter in the range
of from 320 cm to 380 cm may be in the range of from 1200
rpm to 2000 rpm, for example in the range of from 1300 rpm
to 1800 rpm, for example in the range of from 1400 rpm to
1600 rpm.

[0027] In use of the gas turbine engine, the fan (with
associated fan blades) rotates about a rotational axis. This
rotation results in the tip of the fan blade moving with a
velocity U,,,. The work done by the fan blades on the flow
results in an enthalpy rise dH of the flow. A fan tip loading
may be defined as dH/Uﬁpz, where dH is the enthalpy rise
(for example the 1-D average enthalpy rise) across the fan
and U,, is the (translational) velocity of the fan tip, for
example at the leading edge of the tip (which may be defined
as fan tip radius at the leading edge multiplied by angular
speed). The fan tip loading at cruise conditions may be
greater than (or on the order of) any of the following: 0.3,
0.31, 0.32, 0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39 or 0.4 (all
units in this paragraph being Jkg™'K~/(ms™")?). The fan tip
loading may be in an inclusive range bounded by any two of
the values in the previous sentence (i.e. the values may form
upper or lower bounds).

[0028] Gas turbine engines in accordance with the present
disclosure may have any desired bypass ratio, where the
bypass ratio is defined as the ratio of the mass flow rate of
the flow through the bypass duct to the mass flow rate of the
flow through the core at cruise conditions. In some arrange-
ments the bypass ratio may be greater than (or on the order
of) any of the following: 10, 10.5, 11, 11.5, 12, 12.5, 13,
13.5,14,14.5, 15, 15.5, 16, 16.5 or 17. The bypass ratio may
be in an inclusive range bounded by any two of the values
in the previous sentence (i.e. the values may form the upper
or lower bounds). The bypass duct may be substantially
annular. The bypass duct may be radially outside the core
engine. The radially outer surface of the bypass duct may be
defined by a nacelle and/or a fan case.

[0029] The overall pressure ratio of a gas turbine engine as
described and/or claimed herein may be defined as the ratio
of the stagnation pressure upstream of the fan to the stag-
nation pressure at the exit of the highest pressure compressor
(before entry into the combustor). By way of non-limitative
example, the overall pressure ratio of a gas turbine engine as
described and/or claimed herein at cruise may be greater
than (or on the order of) any of the following: 35, 40, 45, 50,
55, 60, 65, 70, 75. The overall pressure ratio may be in an
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inclusive range bounded by any two of the values in the
previous sentence (i.e. the values may form the upper or
lower bounds).

[0030] Specific thrust of an engine may be defined as the
net thrust of the engine divided by the total mass flow
through the engine. At cruise conditions, the specific thrust
of an engine described and/or claimed herein may be less
than (or on the order of) any of the following: 110 Nkg™'s,
105 Nkg~'s, 100 Nkg's, 95 Nkg's, 90 Nkg™'s, 85 Nkg~'s
or 80 Nkg™'s. The specific thrust may be in an inclusive
range bounded by any two of the values in the previous
sentence (i.e. the values may form the upper or lower
bounds). Such engines may be particularly efficient in com-
parison with conventional gas turbine engines.

[0031] A gas turbine engine as described and/or claimed
herein may have any desired maximum thrust. Purely by
way of non-limitative example, a gas turbine as described
and/or claimed herein may be capable of producing a
maximum thrust of at least (or on the order of) any of the
following: 160 kN, 170 kN, 180 kN, 190 kN, 200 kN, 250
kN, 300 kN, 350 kN, 400 kN, 450 kN, 500 kN, or 550 kN.
The maximum thrust may be in an inclusive range bounded
by any two of the values in the previous sentence (i.e. the
values may form the upper or lower bounds). The thrust
referred to above may be the maximum net thrust at standard
atmospheric conditions at sea level plus 15° C. (ambient
pressure 101.3 kPa, temperature 30° C.), with the engine
static.

[0032] In use, the temperature of the flow at the entry to
the high pressure turbine may be particularly high. This
temperature, which may be referred to as TET, may be
measured at the exit to the combustor, for example imme-
diately upstream of the first turbine vane, which itself may
be referred to as a nozzle guide vane. At cruise, the TET may
be at least (or on the order of) any of the following: 1400K,
1450K, 1500K, 1550K, 1600K or 1650K. The TET at cruise
may be in an inclusive range bounded by any two of the
values in the previous sentence (i.e. the values may form the
upper or lower bounds). The maximum TET in use of the
engine may be, for example, at least (or on the order of) any
of the following: 1700K, 1750K, 1800K, 1850K, 1900K,
1950K or 2000K. The maximum TET may be in an inclusive
range bounded by any two of the values in the previous
sentence (i.e. the values may form the upper or lower
bounds). The maximum TET may occur, for example, at a
high thrust condition, for example at a maximum take-off
thrust (MTO) condition.

[0033] A fan blade and/or aerofoil portion of a fan blade
described and/or claimed herein may be manufactured from
any suitable material or combination of materials. For
example at least a part of the fan blade and/or acrofoil may
be manufactured at least in part from a composite, for
example a metal matrix composite and/or an organic matrix
composite, such as carbon fibre. By way of further example
at least a part of the fan blade and/or aerofoil may be
manufactured at least in part from a metal, such as a titanium
based metal or an aluminium based material (such as an
aluminium-lithium alloy) or a steel based material. The fan
blade may comprise at least two regions manufactured using
different materials. For example, the fan blade may have a
protective leading edge, which is manufactured using a
material that is better able to resist impact (for example from
birds, ice or other material) than the rest of the blade. Such
a leading edge may, for example, be manufactured using
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titanium or a titanium based alloy. Thus, purely by way of
example, the fan blade may have a carbon-fibre or alu-
minium based body (such as an aluminium-lithium alloy)
with a titanium leading edge.

[0034] A fan as described and/or claimed herein may
comprise a central portion, from which the fan blades may
extend, for example in a radial direction. The fan blades may
be attached to the central portion in any desired manner. For
example, each fan blade may comprise a fixture which may
engage a corresponding slot in the hub (or disk). Purely by
way of example, such a fixture may be in the form of a
dovetail that may slot into and/or engage a corresponding
slot in the hub/disk in order to fix the fan blade to the
hub/disk. By way of further example, the fan blades may be
formed integrally with a central portion. Such an arrange-
ment may be referred to as a blisk or a bling. Any suitable
method may be used to manufacture such a blisk or bling.
For example, at least a part of the fan blades may be
machined from a block and/or at least part of the fan blades
may be attached to the hub/disk by welding, such as linear
friction welding.

[0035] The gas turbine engines described and/or claimed
herein may or may not be provided with a variable area
nozzle (VAN). Such a variable area nozzle may allow the
exit area of the bypass duct to be varied in operation. The
general principles of the present disclosure may apply to
engines with or without a VAN.

[0036] The fan of a gas turbine as described and/or
claimed herein may have any desired number of fan blades,
for example 16, 18, 20, or 22 fan blades.

[0037] As used herein, cruise conditions may mean the
cruise conditions of an aircraft to which the gas turbine
engine is attached. Such cruise conditions may be conven-
tionally defined as the conditions at mid-cruise, for example
the conditions experienced by the aircraft and/or engine at
the midpoint (in terms of time and/or distance) between top
of climb and start of descent.

[0038] Purely by way of example, the forward speed at the
cruise condition may be any point in the range of from Mach
0.7 to 0.9, for example 0.75 to 0.85, for example 0.76 to
0.84, for example 0.77 to 0.83, for example 0.78 to 0.82, for
example 0.79 to 0.81, for example on the order of Mach 0.8,
on the order of Mach 0.85 or in the range of from 0.8 to 0.85.
Any single speed within these ranges may be the cruise
condition. For some aircraft, the cruise condition may be
outside these ranges, for example below Mach 0.7 or above
Mach 0.9.

[0039] Purely by way of example, the cruise conditions
may correspond to standard atmospheric conditions at an
altitude that is in the range of from 10000 m to 15000 m, for
example in the range of from 10000 m to 12000 m, for
example in the range of from 10400 m to 11600 m (around
38000 ft), for example in the range of from 10500 m to
11500 m, for example in the range of from 10600 m to 11400
m, for example in the range of from 10700 m (around 35000
ft) to 11300 m, for example in the range of from 10800 m
to 11200 m, for example in the range of from 10900 m to
11100 m, for example on the order of 11000 m. The cruise
conditions may correspond to standard atmospheric condi-
tions at any given altitude in these ranges.

[0040] Purely by way of example, the cruise conditions
may correspond to the following: a forward Mach number of
0.8; a pressure of 23000 Pa; and a temperature of -55° C.
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[0041] As used anywhere herein, “cruise” or “cruise con-
ditions” may mean the aerodynamic design point. Such an
aerodynamic design point (or ADP) may correspond to the
conditions (comprising, for example, one or more of the
Mach Number, environmental conditions and thrust require-
ment) for which the fan is designed to operate. This may
mean, for example, the conditions at which the fan (or gas
turbine engine) is designed to have optimum efficiency.
[0042] In operation, a gas turbine engine described and/or
claimed herein may operate at the cruise conditions defined
elsewhere herein. Such cruise conditions may be determined
by the cruise conditions (for example the mid-cruise condi-
tions) of an aircraft to which at least one (for example two
or four) gas turbine engine(s) may be mounted in order to
provide propulsive thrust.

[0043] The skilled person will appreciate that except
where mutually exclusive, a feature or parameter described
in relation to any one of the above aspects may be applied
to any other aspect. Furthermore, except where mutually
exclusive, any feature or parameter described herein may be
applied to any aspect and/or combined with any other
feature or parameter described herein.

[0044] Embodiments will now be described by way of
example, with reference to the figures, in which:

[0045] FIG. 1 is a sectional side view of a gas turbine
engine;
[0046] FIG. 2 is a close up sectional side view of an

upstream portion of a gas turbine engine;

[0047] FIG. 3 is a partially cut-away view of a gearbox for
a gas turbine engine;

[0048] FIG. 4 is a first embodiment of an intermediate-
casing structure;

[0049] FIG. 5 is a second embodiment of an intermediate-
casing structure;

[0050] FIG. 6 is a third embodiment of an intermediate-
casing structure;

[0051] FIG. 7 is a fourth embodiment of an intermediate-
casing structure;

[0052] FIG. 8 is a fifth embodiment of an intermediate-
casing structure.

[0053] FIG. 1 illustrates a gas turbine engine 10 having a
principal rotational axis 9. The gas turbine engine 10 com-
prises an air intake 12 and a fan 23 that generates two
airflows: a core airflow A and a bypass airflow B. The gas
turbine engine 10 comprises a core 11 that receives the core
airflow A. When viewed in the order corresponding to the
axial direction of flow, the core engine 11 comprises a low
pressure compressor 14, a high pressure compressor 15, a
combustion device 16, a high pressure turbine 17, a low
pressure turbine 19 and a core thrust nozzle 20. A nacelle 21
surrounds the gas turbine engine 10 and defines a bypass
duct 22 and a bypass thrust nozzle 18. The bypass airflow B
flows through the bypass duct 22. The fan 23 is attached to
and driven by the low pressure turbine 19 via a shaft 26 and
an epicyclic planetary gearbox 30.

[0054] In operation, the core airflow A is accelerated and
compressed by the low pressure compressor 14 and directed
into the high pressure compressor 15 where further com-
pression takes place. The compressed air exhausted from the
high pressure compressor 15 is directed into the combustion
device 16, where it is mixed with fuel and the mixture is
combusted. The resultant hot combustion products then
expand through, and thereby drive, the high pressure and
low pressure turbines 17, 19 before being exhausted through
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the nozzle 20 to provide some propulsive thrust. The high
pressure turbine 17 drives the high pressure compressor 15
by a suitable interconnecting shaft 27. The fan 23 generally
provides the majority of the propulsive thrust. The epicyclic
planetary gearbox 30 is a reduction gearbox.

[0055] Arranged axially at the exit of the nacelle 21 is an
intermediate-casing structure 50, the function of which is
described in more detail in conjunction with FIGS. 410 8. In
other embodiments, the nacelle 21 can extend axially over
the region of the low pressure compressor 14 and into the
region of the high pressure turbine 17.

[0056] An exemplary arrangement for a geared fan gas
turbine engine 10 is shown in FIG. 2. The low pressure
turbine 19 (see FIG. 1) drives the shaft 26, which is coupled
to a sun gear 28 of the epicyclic planetary gearbox 30.
Radially outwardly of the sun gear 28 and intermeshing
therewith is a plurality of planet gears 32 that are coupled
together by a planet carrier 34. The planet carrier 34 guides
the planet gears 32 in such a way that they precess around
the sun gear 28 in synchronicity whilst enabling each planet
gear 32 to rotate about its own axis. The planet carrier 34 is
coupled via linkages 36 to the fan 23 in order to drive its
rotation about the engine axis 9. Radially outwardly of the
planet gears 32 and intermeshing therewith is an annulus or
ring gear 38 that is coupled, via linkages 40, to a stationary
supporting structure 24.

[0057] Note that the terms “low pressure turbine” and
“low pressure compressor” as used herein may be taken to
mean the lowest pressure turbine stages and lowest pressure
compressor stages (i.e. not including the fan 23) respectively
and/or the turbine and compressor stages that are connected
together by the interconnecting shaft 26 with the lowest
rotational speed in the engine (i.e. not including the gearbox
output shaft that drives the fan 23). In some literature, the
“low pressure turbine” and “low pressure compressor”
referred to herein may alternatively be known as the “inter-
mediate pressure turbine” and “intermediate pressure com-
pressor”. Where such alternative nomenclature is used, the
fan 23 may be referred to as a first, or lowest pressure,
compression stage.

[0058] The epicyclic planetary gearbox 30 is shown by
way of example in greater detail in FIG. 3. Each of the sun
gear 28, planet gears 32 and ring gear 38 comprise teeth on
their periphery to allow intermeshing with the other gears.
However, for clarity only exemplary portions of the teeth are
illustrated in FIG. 3. There are four planet gears 32 illus-
trated, although it will be apparent to the skilled reader that
more or fewer planet gears 32 may be provided within the
scope of the claimed invention. Practical applications of an
epicyclic planetary gearbox 30 generally comprise at least
three planet gears 32.

[0059] The epicyclic planetary gearbox 30 illustrated by
way of example in FIGS. 2 and 3 is a planetary gearbox in
which the planet carrier 34 is coupled to an output shaft via
linkages 36, with the ring gear 38 fixed. However, any other
suitable type of planetary gearbox 30 may be used. By way
of further example, the planetary gearbox 30 may be a star
arrangement, in which the planet carrier 34 is held fixed,
with the ring gear (or annulus) 38 allowed to rotate. In such
an arrangement the fan 23 is driven by the ring gear 38. By
way of further alternative example, the gearbox 30 may be
a differential gearbox in which the ring gear 38 and the
planet carrier 34 are both allowed to rotate.



US 2020/0200022 Al

[0060] It will be appreciated that the arrangement shown
in FIGS. 2 and 3 is by way of example only, and various
alternatives are within the scope of the present disclosure.
Purely by way of example, any suitable arrangement may be
used for locating the gearbox 30 in the gas turbine engine 10
and/or for connecting the gearbox 30 to the gas turbine
engine 10. By way of further example, the connections (such
as the linkages 36, 40 in the FIG. 2 example) between the
gearbox 30 and other parts of the gas turbine engine 10 (such
as the input shaft 26, the output shaft and the fixed structure
24) may have a certain degree of stiffness or flexibility. By
way of further example, any suitable arrangement of the
bearings between rotating and stationary parts of the gas
turbine engine 10 (for example between the input and output
shafts of the gearbox and the fixed structures, such as the
gearbox casing) may be used, and the disclosure is not
limited to the exemplary arrangement of FIG. 2. For
example, where the gearbox 30 has a star arrangement
(described above), the skilled person would readily under-
stand that the arrangement of output and support linkages
and bearing locations would typically be different to that
shown by way of example in FIG. 2.

[0061] Accordingly, the present disclosure extends to a
gas turbine engine having any arrangement of gearbox styles
(for example star or epicyclic-planetary), support structures,
input and output shaft arrangement, and bearing locations.

[0062] Optionally, the gearbox may drive additional and/
or alternative components (e.g. the intermediate pressure
compressor and/or a booster compressor).

[0063] Other gas turbine engines to which the present
disclosure may be applied may have alternative configura-
tions. For example, such engines may have an alternative
number of compressors and/or turbines and/or an alternative
number of interconnecting shafts. By way of further
example, the gas turbine engine shown in FIG. 1 has a split
flow nozzle 20, 22 meaning that the flow through the bypass
duct 22 has its own nozzle that is separate to and radially
outside the core engine nozzle 20. However, this is not
limiting, and any aspect of the present disclosure may also
apply to engines in which the flow through the bypass duct
22 and the flow through the core 11 are mixed, or combined,
before (or upstream of) a single nozzle, which may be
referred to as a mixed flow nozzle. One or both nozzles
(whether mixed or split flow) may have a fixed or variable
area. In some arrangements, the gas turbine engine 10
possibly does not comprise a gearbox 30.

[0064] The geometry of the gas turbine engine 10, and
components thereof, is or are defined by a conventional axis
system, comprising an axial direction (which is aligned with
the rotational axis 9), a radial direction (in the bottom-to-top
direction in FIG. 1), and a circumferential direction (per-
pendicular to the view in FIG. 1). The axial, radial and
circumferential directions are mutually perpendicular.

[0065] With reference to FIGS. 4 to 8, different embodi-
ments of an intermediate-casing structure 50, which exter-
nally surrounds a compressor 14, 15 in a gas turbine engine
10, in this case an aircraft engine, will now be described.

[0066] FIG. 4 describes the basic structure of the inter-
mediate-casing structure 50. Arranged concentrically around
the principal rotational axis 9 are three rings, the outer ring
51, the middle ring 52 and the inner ring 53. Blade rows 54,
55 (stators), namely the outer blades 54 and the inner blades
55, extend radially between the rings 51, 52, 53. Arranged at
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the outer circumference of the outer ring 51 is a row of
fastening elements 56, to which a hook can be fastened for
example for assembly.

[0067] Air flows against the outer blades 54, said air being
passed by the fan 23 through the bypass duct 22. The outer
blades 54 serve to ensure efficient outflow out of the bypass
thrust nozzle 18.

[0068] The bypass airflow B likewise flows against the
inner blades 55, wherein the airflow is passed by the inner
blades 54 into the high pressure compressor 15. In principle,
depending on the design of the gas turbine engine 10,
different arrangements of rings 51, 52, 53 and blade rows 54,
55 are possible.

[0069] The inner and the outer blades 54, 55 are designed
in one row in the illustrated embodiment. In this case, the
blades 54, 55 are all designed with the same size (i.e.
length), wherein they can also transmit mechanical loads
from the inner ring 53, via the middle ring 52, to the outer
ring 51.

[0070] For a balanced ratio between strength and lowest
possible mass of the intermediate-casing structure 50, in the
illustrated embodiment, the blade rows 54, 55 are produced
as a first component from a composite material, in particular
a fiber-composite material. The blade rows 54, 55 are
exposed primarily to aerodynamic forces in operation. This
material is lightweight but also mechanically loadable.
[0071] Second components, for example the middle ring
52 and the inner ring 53, are constructed from metal. These
components are exposed to mechanical loads, for example
torsional stresses, in operation.

[0072]

[0073] At least one first component of the intermediate-
casing structure 50 is made of a composite material, in
particular fiber-composite material, or exhibits at least com-
posite material.

[0074] Atleast one second component of the intermediate-
casing structure 50 is made of metal or exhibits at least
metal.

[0075] As a result of the distribution of composite mate-
rials and metallic materials in the intermediate-casing struc-
ture 50, it is possible to embody these in a loading-appro-
priate and at the same time weight-saving manner.

[0076] Primary loads are absorbed preferably via metallic
components, secondary loads (especially aerodynamic
loads) are absorbed preferably via components made of
composite materials.

[0077] FIGS. 5 to 8 illustrate further embodiments in
variations of this basic principle, wherein reference can be
made in principle to the relevant description above.

[0078] FIG. 5 illustrates a second embodiment, in which
the intermediate-casing structure 50 likewise has an outer
ring 51, a middle ring 52 and an inner ring 53. Arranged
radially between each of these concentrically arranged rings
51, 52, 53 is a blade row 54, 55. Furthermore, six stabilizing
struts 57 are arranged between the outer ring 51 and the
middle ring 52. The stabilizing struts 57 can in this case by
all means have an aerodynamically active profile, such that
they can change the direction of flow and/or the flow
velocity of the air flowing through.

[0079] Arranged at the outer circumference of the outer
ring 51 are four fastening elements 56 in the form of
grommets.

In any case, there are two classes of components:
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[0080] Here too, different components are manufactured
from different materials. The outer blade row 54 and the
outer ring 51 are produced here from composite material.
[0081] The other components of the intermediate-casing
structure 50 are constructed from metal: the inner ring 53,
the middle ring 52 and the inner blade row 55.

[0082] FIG. 6 illustrates a third embodiment, the structure
of which corresponds to the second embodiment.

[0083] In this case, the outer ring 51 can have for example
a structure wound from fibers or tape. The outer blade row
54 can be produced for example by a 3D textile weaving
process.

[0084] The inner ring 53 is embodied here as a type of hub
and can be produced for example in a casting process.
[0085] The fastening elements 56 can be embodied as cast
parts or be formed integrally with the radial stabilizing struts
57. The stabilizing struts 57 can alternatively or additionally
be designed integrally with the middle ring 52.

[0086] FIG. 7 illustrates a fourth embodiment, the basic
structure of which is the same as that of the previous
embodiments.

[0087] Here, only the outer blade row 54 is produced from
a composite material. All other components are manufac-
tured from metal.

[0088] FIG. 8 illustrates a fifth embodiment, the basic
structure of which is the same as that of the previous
embodiments. Here, however, no stabilizing struts 57 are
provided.

[0089] Here, only the outer ring 51 is produced from a
composite material. All other components are manufactured
from metal.

[0090] The components 51, 52, 53, 54, 55, 56, 57 can be
produced for example individually and then be connected
together for example by welding, adhesive bonding, a form
fit or integrally.

[0091] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. Except where
mutually exclusive, any of the features may be employed
separately or in combination with any other features and the
disclosure extends to and includes all combinations and
sub-combinations of one or more features described herein.

LIST OF REFERENCE SIGNS

[0092] 9 Principal rotational axis
[0093] 10 Gas turbine engine

[0094] 11 Core engine

[0095] 12 Air intake

[0096] 14 Low pressure compressor
[0097] 15 High pressure compressor
[0098] 16 Combustion device
[0099] 17 High pressure turbine
[0100] 18 Bypass thrust nozzle
[0101] 19 Low pressure turbine
[0102] 20 Core thrust nozzle

[0103] 21 Nacelle

[0104] 22 Bypass duct

[0105] 23 Fan

[0106] 24 Stationary supporting structure
[0107] 26 Shaft

[0108] 27 Interconnecting shaft
[0109] 28 Sun gear

[0110] 30 Gearbox
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[0111] 32 Planet gears

[0112] 34 Planet carrier

[0113] 36 Linkage

[0114] 38 Ring gear

[0115] 40 Linkage

[0116] 50 Intermediate-casing structure

[0117] 51 Outer ring of the intermediate-casing structure

[0118] 52 Middle ring of the intermediate-casing structure

[0119] 53 Inner ring of the intermediate-casing structure

[0120] 54 Outer blade row of the intermediate-casing
structure

[0121] 55 Inner blade row of the intermediate-casing
structure

[0122] 56 Fastening elements

[0123] 57 Stabilizing strut

[0124] A Core airflow

[0125] B Bypass airflow

1. An intermediate-casing structure for a compressor in a
gas turbine engine, having a plurality of components com-
prising at least one static blade row for deflecting at least one
airflow entering the intermediate-casing structure, at least
one ring, on which the blade rows are radially arranged,

wherein at least one first component of the intermediate-

casing structure is formed from composite material or
exhibits composite material,

wherein at least one second component of the intermedi-

ate-casing structure is formed from metal or exhibits
metal, and

wherein an outer ring, a middle ring and an inner ring are

arranged concentrically around a principal rotational
axis of the gas turbine engine, wherein blade rows with
outer blades and inner blades extend radially between
the rings.

2. The intermediate-casing structure according to claim 1,
wherein at least one stabilizing strut is radially arranged
between two rings that are arranged concentrically with one
another.

3. The intermediate-casing structure according to claim 1,
wherein the at least one first component is exposed to lower
mechanical loading in operation than the at least one second
component.

4. The intermediate-casing structure according to claim 1,
wherein the at least one first component experiences quite
predominantly aerodynamic loading in operation.

5. The intermediate-casing structure according to claim 4,
wherein the at least one first component is designed as a
static blade row and/or as an outer ring at the outer circum-
ference of the intermediate-casing structure.

6. The intermediate-casing structure according to claim 1,
wherein the at least one second component experiences
predominantly mechanical loading from solid bodies during
operation.

7. The intermediate-casing structure according to claim 6,
wherein the at least one second component is designed as a
ring.

8. The intermediate-casing structure according to claim 7,
wherein the at least one second component comprises the
inner ring, the middle ring and the outer ring.

9. The intermediate-casing structure according to claim 6,
wherein the at least one second component has at least one
fastening element, in particular on the outer side of the outer
ring.
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10. The intermediate-casing structure according to claim
6, wherein the at least one second component has the at least
one stabilizing strut.

11. The intermediate-casing structure according to claim
10, wherein the at least one stabilizing strut is formed
integrally with a fastening element and/or with the middle
ring.

12. The intermediate-casing structure according to claim
10, wherein the at least one stabilizing strut has an aerody-
namically active profile.

13. A gas turbine engine for an aircraft, which comprises
the following:

a core engine, which comprises a turbine, a compressor
and a core shaft connecting the turbine to the compres-
sor;

a fan, which is positioned upstream of the core engine,
wherein the fan comprises a plurality of fan blades; and

a gearbox, which is able to be driven by the core shaft,
wherein the fan is able to be driven by means of the
gearbox at a lower speed than the core shaft, having an
intermediate-casing structure according to claim 1.

14. The gas turbine engine according to claim 13,
designed as an aircraft engine.

15. The intermediate-casing structure according to claim
1, wherein the at least one first component of the interme-
diate-casing structure is formed from fiber-composite mate-
rial or exhibits fiber-composite material.

#* #* #* #* #*
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