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Frangible Sheath for a Fan Blade of a Gas Turbine Engine

Field of the Disclosure

[0001] The present disclosure generally relates to gas turbine engines and, more

specifically, to blades of a fan for a gas turbine engine.

Backeround of the Disclosure

[0002] Gas turbine engines generally have a plurality of axially aligned components
including a fan, a compressor section, a combustor, and a turbine section. The fan,
positioned at a forward end of the engine, rotates to draw in and pressurize ambient
air. Some of the pressurized air flows to the compressor section as a core flow while
the remainder of the air flows out of the engine to generate thrust. The core flow is
compressed in the compressor section and then flows to the combustor where the
compressed air is mixed with fuel and combusted to form an exhaust. The exhaust
expands from the combustor through the turbine section, causing turbines of the
turbine section to rotate, and then flows out of the engine at an aft end of the engine.
The rotation of the turbines drives the rotation of the fan and compressors by way of a
shaft, or a plurality of concentrically mounted shafts in the case of a multi-spool
engine.

[0003] In gas turbine engines, it is typically preferable to reduce the weight of each
component in order to reduce the energy requirements of moving the engine during
operation and provide as much thrust for moving a load placed on the engine as

possible. Since the fan contributes a great deal of the weight associated with the
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engine, technology continues to advance in fan weight reduction. One method of
reducing the weight is to incorporate lighter materials into components of the fan such
as into areas of any blades of the fan. However, some of the more preferential
materials lack the structural strength required by a fan to operate effectively, such as
the strength to resist a bird or debris strike. In order to alleviate the deficient strength
characteristics of such materials, methods have been developed to provide the
necessary strength to select areas of the blades. One such method is presented in
United States Patent Application Publication 2011/0211967 Al.

[0004] This method teaches the use of a sheath extending along a leading edge of
each blade. This sheath is formed from typical blade materials, such as titanium
alloy, to protect the weaker portions of the blade from incoming debris. While
effective at protecting the blade from smaller debris damage, larger debris may still
cause damage. Such damage reduces the life span of the blade, can cause airflow
problems for the engine, and lessens the efficiency of the engine. As such, a new

method for resisting debris damage to such blades is necessary.

Summary of the Disclosure

[0005] In accordance with one aspect of the disclosure, a rotor for a gas turbine
engine is disclosed. The rotor may include a rotor disk and a blade extending radially
outward from the rotor disk. The blade may have a leading edge and a sheath may
extend along the leading edge of the blade. The sheath may be formed from a brittle
material.

[0006] In a refinement, an adhesive may join the sheath to the leading edge.

[0007] In another refinement, the brittle material may be an aluminum alloy.
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[0008] In another refinement, the brittle material may be a fiber-reinforced
composite.

[0009] In yet another refinement, the rotor may be a fan of the gas turbine engine.
[0010] In still another refinement, the blade may be made of aluminum.

[0011] In accordance with another aspect of the present disclosure, a gas turbine
engine is disclosed. The engine may include a fan section having a disk and a
plurality of blades extending radially outward from the disk. Fach blade may have a
leading edge and a sheath extending along the leading edge of the blade. The sheath
may be formed from a brittle material. The engine may further include a compressor
section downstream of the fan section, a combustor downstream of the compressor
section, and a turbine section downstream of the combustor.

[0012] In a refinement, an adhesive may join the sheath to the leading edge.
[0013] In another refinement, the brittle material may be an aluminum alloy.
[0014] In another refinement, the brittle material may be a fiber-reinforced
composite.

[0015] In yet another refinement, the blade may be made of aluminum.

[0016] In accordance with yet another aspect of the present disclosure, a method
of protecting a rotor of a gas turbine engine is disclosed. The method may include
providing a rotor having a rotor disk and a plurality of blades extending radially
outward from the rotor disk. Each blade may have a leading edge and a sheath
extending along the leading edge of the blade. The sheath may be formed from a
brittle material. The method may further include rotating the rotor and impacting the
sheath with an object at an impact site. The sheath may absorb energy from the object

at the impact site.
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[0017] In a refinement, a piece of the sheath at the impact site may be liberated in
response to absorbing energy from the object.

[0018] In another refinement, the sheath may crack at the impact site in response
to absorbing energy from the object.

[0019] In another refinement, the rotor may remain rotating after being impacted
by the object.

[0020] In another refinement, the method may further include deflecting the
object away from the rotor with the sheath when the object impacts the sheath.
[0021] In yet another refinement, the rotor may be provided as a fan of the gas
turbine engine.

[0022] In yet another refinement, the method may further include adhesively
bonding the sheath to the blade.

[0023] In still another refinement, the method may further include forming the
sheath from an aluminum alloy.

[0024] In still another refinement, the method may further include forming the
blade form aluminum.

[0025] These and other aspects and features of the present disclosure will be
better understood in light of the following detailed description when read in light of

the accompanying drawings.

Brief Description of the Drawings

[0026] FIG. 1 is a partial cross-sectional view of a gas turbine engine constructed in

accordance with an embodiment of the present disclosure.
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[0027] FIG. 2 is a perspective view of a fan blade constructed in accordance with an
embodiment of the present disclosure.

[0028] FIG. 3 is a cross-sectional view of the fan blade of FIG. 2 taken along the
line 3-3 of FIG. 2.

[0029] FIG. 4 is a perspective view of another fan blade constructed in accordance
with an embodiment of the present disclosure and detailing damage.

[0030] It should be understood that the drawings are not necessarily to scale and
that the disclosed embodiments are sometimes illustrated diagrammatically and in
partial views. In certain instances, details which are not necessary for an
understanding of this disclosure or which render other details difficult to perceive may
have been omitted. It should be understood, of course, that this disclosure is not

limited to the particular embodiments illustrated herein.

Detailed Description

[0031] Referring now to the drawings and with specific reference to FIG. 1, a gas
turbine engine 20 is depicted as a geared turbofan engine. However, other engine
types are possible and FIG. 1 is simply one embodiment illustrated here for
description purposes. The engine 20 may include a plurality of components,
including a fan section 22, a compressor section 24 downstream from the fan section
22, a combustor 26 downstream from the compressor section 24, a turbine section 28
downstream from the combustor 26, and an engine case 30 surrounding the core
engine components, aligned axially along an engine axis 32.

[0032] A fan case 34 may be positioned radially outward from the engine case 30

and fan section 22 with respect to the engine axis 32 and cooperating with the engine

5



WO 2014/143256 PCT/US2013/075060

case 30 to define a bypass air flow path 36 therebetween. A plurality of exit guide
vanes 38 may extend between the engine case 30 and the fan case 34 to reorient air
exiting the fan section 22 into a more preferable direction. The fan section 22 (or
rotor) may include a rotor disk or hub 40 and a plurality of fan blades 42 radially
extending outward from the rotor disk 40. In the illustrated engine 20, the rotor disk
40 of the fan section 22 is mechanically connected to a gearbox 44, which transfers
rotational motion from the turbine section 28 via an engine shaft 46 extending through
the engine 20 along the engine axis 32. The gearbox 44 allows the fan section 22 to
be rotated at a different speed than the compressor section 24.

[0033] By rotating about the axis 32, the fan blades 46 draw in and pressurize
ambient air. In the illustrated engine 20, a majority of the pressurized air flows along
the bypass air flow path 36 to generate the primary source of thrust of the engine 20.
Some of the air pressurized by the fan section 22 also enters the engine 20 through a
core air flow path 37 where the air is compressed, combusted, and then expanded.
The air from the core air flow path 37 generates thrust, but also rotates rotors in the
turbine section 28, which may generate electricity and rotate the fan blades 42 and
rotors in the compressor section 24 via the engine shaft 46. FIG. 1 depicts the engine
20 as a dual-spool geared turbofan engine having an annular combustor; however, this
is simply for illustration purposes and any gas turbine engine is possible such as a
single or a three spool engine, for example.

[0034] As can be seen in FIG. 2, each of the fan blades 42 has a body 48, a leading
edge 50, and a trailing edge 52. The leading edge 50 of a typical blade interacts with

incoming air first, while the trailing edge 52 interacts with outgoing air last. Many
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materials may be used to construct the fan blades 42 such as, but not limited to,
titanium alloys, aluminum alloys, nickel alloys, and the like.

[0035] Many materials may have a desirable light weight, but not have the
necessary structural strength to be utilized as a fan blade. This may be due to a
brittleness of the material, a tendency to deflect, or other structural weaknesses. For
example, fiber-reinforced composites are extremely light weight, but do not by
themselves have the necessary structural characteristics needed to serve as a fan
blade. Similarly, aluminum is light weight as well, but lacks, by itself, sufficient
ductility and resilience.

[0036] In order to utilize such materials, but continue to have a structurally sound
fan blade, the present disclosure therefore greatly improves upon the prior art. More
specifically a sheath 54 may be positioned covering the leading edge 50 of the fan
blade 42. The sheath 54 has a forward edge 56 and an aft edge 58. The forward edge
56 may be aligned along the leading edge 50 or the sheath 54 may extend forward of
the leading edge 50 and the forward edge 56 may be positioned forward of the leading
edge 50 as illustrated in FIGS. 2 and 3. This positioning causes the forward edge 56
of the sheath 45 to interact with incoming air first, while the leading edge 50 of the
fan blade 42 does not interact with air at all. The aft edge 58 of the sheath 54may be
positioned aftward of the leading edge 50 and in contact with the body 48.

[0037] As shown best in FIG. 3, an aftward surface 60 of the sheath 54 may also be
in contact with the body 48 and leading edge 50 of the fan blade 42. Any number of
methods may be used to create a joint between the aftward surface 60 and the body 48
such as, but not limited to, adhesively bonding the sheath 54 and body 48 together.

The sheath 54 may be formed of a structurally strong material to protect the blade 46
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from debris and bird impacts and thereby allow the weaker materials to be utilized
throughout the body 48.

[0038] In order to better resist global deflection, global cracking, and/or liberation
of the blade 42 from debris or bird impacts, the sheath 54 may be formed from a
structurally strong, but brittle, material such as, but not limited to, an aluminum alloy,
such as pandalloyTM, or a fiber-reinforced composite. As used herein, “brittle” means
a material having a molecular structure causing such material to shatter or crack upon
impact, as opposed to bending or deforming. The blade in turn, may then be made of
materials heretofore thought to be insufficient for use as a blade, such as, but not
limited to fiber-reinforced composite and aluminum.

[0039] In doing so, when the blade 42 is impacted by debris 56, energy may be
transferred to, and absorbed by, the sheath 54 from the debris 56 as opposed to being
directly relayed to the blade. For a small bird or debris impact, the strength of the
sheath 54 may allow the fan blade 42 to resist deflection and damage and may
increase fly-back of the bird or debris. A medium or large bird or debris impact, on
the other hand, may form a crack in the sheath 54, or a piece of the sheath 54 may be
liberated at an impact site 58 on the sheath 54, such as in FIG. 4 due to the brittle
nature of the materials. While somewhat damaging to the blade 42, such a local crack
or liberation is significantly better than the prior art in that it maintains the operability
of the fan blade 42 and engine 20. More specifically, the sheath 54 reduces any
global deflection of the blade 42 by absorbing enough of the energy from the impact
to allow the body 48 to resist any deflection or cracking. Thereby, the frangible
sheath of the present disclosure may reduce any global effects on the fan section 22

and/or airflow through the engine 20 from the debris or bird impact and allow the fan
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section 22 to remain operative, as opposed to a global deflection or liberation of the
fan blade 42 that may leave the engine inoperative or reduce engine efficiency greatly.
[0040] As used herein the term “global” refers to an entire structure, such as an
entire fan blade when discussing an impact site, or an entire fan section when
discussing an individual fan blade. Additionally, the term “local” refers to a specific
or limited area of an overall structure, such an impact site on a fan blade. Moreover,
while the foregoing description has been made with reference to fan blades, it is to be
understood that these teachings can be employed with equal efficacy to other airfoils

of the engine including, but not limited to, compressor and turbine blades and vanes.

Industrial Applicability

[0041] From the foregoing, it can be seen that the technology disclosed herein has
industrial applicability in a variety of settings such as, but not limited to providing a
means for resisting global deflection or global damage for a blade of a rotor. This
may be accomplished by providing a sheath along a leading edge of blade and
forming the sheath from strong, but brittle materials. The sheath then may locally
crack or a piece of the sheath may be liberated in response to an impact, protecting the
entire blade from damage or deflection.

[0042] While the present disclosure has been made in reference to a gas turbine
engine and an aircraft, and specifically to a fan for a gas turbine engine, one skilled in
the art will understand that the teachings herein can be used in other applications as
well such as, but not limited to, any rotor having a plurality of radially extending
blades where debris impacts and global deflection or damage of/to the blades is a

concern. It is therefore intended that the scope of the invention not be limited by the
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embodiments presented herein as the best mode for carrying out the invention, but
that the invention include all equivalents falling within the spirit and scope of the

appended claims as well.
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Claims

What is claimed is:

1. Arotor for a gas turbine engine, comprising:

a rotor disk; and

a blade extending radially outward from the rotor disk, the blade

having a leading edge; and

a sheath extending along the leading edge of the blade, the sheath

being formed from a brittle material.

2. 'The rotor of claim 1, wherein an adhesive joins the sheath to the leading edge

of the blade.

3. The rotor of claim 1, wherein the brittle material is an aluminum alloy.

4. The rotor of claim 1, wherein the brittle material is a fiber-reinforced

composite.

5. The rotor of claim 1, wherein the rotor is a fan of the gas turbine engine.

6. The rotor of claim 1, where the blade is made of aluminum.

7. A gas turbine engine, comprising:

11
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a fan section having a disk and a plurality of blades extending radially
outward from the disk, each blade having a leading edge and a sheath
extending along the leading edge of the blade, the sheath being formed from a

brittle material;

a compressor section downstream of the fan section;

a combustor downstream of the compressor section; and

a turbine section downstream of the combustor.

8. The gas turbine engine of claim 7, wherein an adhesive joins the sheath to the

leading edge of the blade.

9. The gas turbine engine of claim 7, wherein the brittle material is an aluminum

alloy.

10. The gas turbine engine of claim 7, wherein the brittle material is a fiber-

reinforced composite.

11. The gas turbine engine of claim 6, wherein the blade is made of aluminum.

12. A method of protecting a rotor of a gas turbine engine, comprising:

providing a rotor having a rotor disk and a plurality of blades
extending radially outward from the rotor disk, each blade having a leading
edge and a sheath extending along the leading edge of the blade, the sheath

being formed from a brittle material;

rotating the rotor; and

12
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13.

14.

15.

16.

17.

18.

19.

20.

impacting the sheath with an object at an impact site, the sheath

absorbing energy from the object at the impact site.

The method of claim 12, wherein a piece of the sheath at the impact site is

liberated in response to absorbing energy from the object.

The method of claim 12, wherein the sheath cracks at the impact site in

response to absorbing energy from the object.

The method of claim 12, wherein the rotor remains rotating after being

impacted by the object.

The method of claim 12, further comprising deflecting the object away from

the rotor with the sheath when the object impacts the sheath.

The method of claim 12, wherein the rotor is provided as a fan of the gas

turbine engine.

The method of claim 12, further including adhesively bonding the sheath to

the blade.

The method of claim 12, further including forming the sheath from an

aluminum alloy.

The method of claim 12, further including forming the blade from aluminum.
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