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Hollow Fan Blade with Extended Wing Sheath
[0001] This application claims the 35 U.S.C. §119(e) benefit of U.S. Provisional
Application No. 61/789,826, filed on March 15, 2013.

Technical Field of the Disclosure

[0002] The present disclosure relates to the design of gas turbine engines and, more

particularly, to the design of fan blade components of gas turbine engines.

Background of the Disclosure

[0003] A gas turbine engine, per FAA regulations, should be capable of ingesting foreign
objects (e.g., birds in flight) while allowing for continued operation, or safe and orderly
shutdown of the engine. Further, blades in the gas turbine engine should be resistant to cracking
due to nicks and/or dents caused by small debris such as sand and/or rain. To prevent damage on
account of such small debris and foreign object ingestion, specifically, materials such as titanium
alloys and fiber composites are typically used to construct the fan and/or compressor blades in
gas turbine engines. Gas turbine engines with titanium fan blades, as well as certain reinforced
fiber composite fan blades with adhesively bonded metallic leading edge sheaths, are commonly
used to meet such damage-prevention criteria.

[0004] While titanium blades may be relatively strong, they also may be relatively heavy
and expensive to manufacture. Further, composite blades may offer sufficient strength and be
significantly lighter than titanium blades; however, composite blades are expensive to
manufacture. Also, due to their relatively low strain tolerance, composite blades may require a
greater thickness than otherwise equivalent metal blades to meet requirements for ingestion of
foreign objects. Increases in fan blade thickness may be accompanied by decreases in fan
efficiency. This decrease in efficiency may offset a portion of the efficiency gains from the
decrease in weight achieved by using a composite blade.

[0005] As another alternative, fan and/or compressor blades made from aluminum or
aluminum alloy may result in significant decreases in weight over titanium blades and may be
less expensive to manufacture than composite blades. However, aluminum and/or aluminum

alloy blades may be softer and lower in strength than titanium and/or composite blades.
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Aluminum blades may also be susceptible to erosion and corrosion, and therefore require
coatings. In some designs, a leading edge sheath made of titanium and/or nickel can give the
aluminum blade added protection without significantly increasing the weight.

[0006] While each is effective in certain aspects, modern engine design often requires
larger and larger blades. The foregoing weight, strength, and foreign object resistance issues are
only exasperated in such larger blades. Accordingly, it can be seen that further improvements in

blade design are needed.

Summary of the Disclosure

[0007] In accordance with one aspect of the disclosure, a gas turbine engine fan blade is
disclosed. The fan blade may include an airfoil having a leading edge and a trailing edge in a
chordwise direction, a tip and a root in a spanwise direction, and a suction side and a pressure
side. The fan blade may include a sheath comprising a solid portion that covers the leading edge
of the airfoil and a blade body between the suction side and the pressure side of the airfoil,
wherein the blade body defines a cavity.

[0008] In a refinement, the cavity may be filled with a material having a lighter density
than the airfoil.

[0009] In a further refinement, the material having a lighter density than the airfoil may
be a hybrid metallic substance.

[0010] In a refinement, the airfoil may be constructed from aluminum.

[0011] In a further refinement, the cavity may be filled with a hybrid metallic substance
having a lower density than aluminum.

[0012] In a refinement, the sheath may extend over at least about 35% of the airfoil in a
chordwise direction.

[0013] In a further refinement, the sheath may extend over at least about 35% of the

airfoil in a chordwise direction in a region of the airfoil near the tip of the airfoil.

[0014] In a refinement, the cavity may be located underneath the portion of the airfoil
covered by the sheath.

[0015] In a refinement, the sheath may be titanium.

[0016] In a refinement, the sheath may further include a first wing attached to the suction

side of the airfoil and a second wing attached to the pressure side of the airfoil.
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[0017] In a refinement, the sheath may be secured to the airfoil by bonding.

[0018] In accordance with another aspect of the disclosure, a method of fabricating a gas
turbine engine blade is disclosed. The turbomachinery blade may have an airfoil having a
leading edge and a trailing edge in a chordwise direction, a tip and a root in a spanwise direction,
a suction side, a pressure side, and a blade body between the suction side and the pressure side.
The method may include forming a sheath over the airfoil, the sheath having a solid portion that
covers the leading edge of the airfoil. The method may include forming one or more hollow
cavities between the suction side and the pressure side of the airfoil and forming a cavity within
the blade body.

[0019] In a refinement, the method may further include filling the cavity with a material
having a lighter density than the airfoil.

[0020] In a refinement, the method may further include filling the cavity with a hybrid

metallic substance

[0021] In a refinement, the method may further include constructing the aifoil from
aluminum.
[0022] In a further refinement, the method may further include forming the sheath with a

wing, wherein the wing is tapered.

[0023] In a refinement, the method may further include locating the cavity underneath
the portion of the airfoil covered by the sheath.

[0024] In accordance with another aspect of the disclosure, a gas turbine engine is
disclosed. The gas turbine engine may include a fan, the fan having at least one fan blade, the at
least one fan including an airfoil having a leading edge and a trailing edge in a chordwise
direction, a tip and a root in a spanwise direction, a suction side and a pressure side, a sheath
including a solid portion that covers the leading edge of the airfoil, and a blade body between the
suction side and the pressure side of the airfoil, wherein the blade body defines a cavity. The gas
turbine engine may include a compressor section downstream of the fan, a combustor section
downstream of the compressor section, and a turbine section downstream of the combustor
section.

[0025] These and other aspects and features of the present disclosure will be more readily

apparent when taken in conjunction with the accompanying drawings.
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Brief Description of the Drawings

[0026] FIG. 1 is a cross sectional view of a gas turbine engine constructed in accordance with
the present disclosure and constructed in accordance with the present disclosure.

[0027] FIG. 2 is a perspective view of a fan blade having a sheath and hollow cavities, and
constructed in accordance with the present disclosure.

[0028] FIG. 3 is a cross-sectional view of the fan blade having a sheath and hollow cavities of
FIG. 2, taken along line 3-3 of FIG. 2.

[0029] FIG. 4 is a plan view of the sheath of the fan blade of FIGS. 2 and/or 3.

[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 of the Drawings

[0031] Referring to the drawings, and with specific reference to FIG. 1, a gas turbine engine
constructed in accordance with the present disclosure is generally referred to by reference
numeral 10. Such a gas turbine engine can be used for any number of different applications
including, but not limited to, generation of aircraft thrust and land-based power. Moreover, it is
to be understood that the sectional view provided in FIG. 1 is included simply to provide a basic
understanding of the various components in a gas turbine engine, and not to limit the invention
thereto. The present disclosure extends to all types of gas turbine engines used in all types of
applications.

[0032] The gas turbine engine 10 may include a fan 12, a compressor section 14, a combustor
section 16, and a turbine section 18 aligned in linear fashion through the engine 10. The
compressor section 14 may include a low-pressure compressor 20 and a high-pressure
compressor 22. Air is taken in through fan 12 as fan 12 spins about an axis 23. A portion of
inlet air may be directed to the compressor section 14 where it may be compressed by a series of
rotating blades 25 and fixed vanes 27. The compressed air may be mixed with fuel and ignited
in the combustor section 16. Combustion exhaust generated in the combustor section 16 may be

directed to the turbine section 18. The turbine section 18 may include high pressure turbine 31
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and low pressure turbine 33 spinning together concentric to the axis 23. Similar to the
compressor section 14, the turbine section 18 contains a series of turbine blades 35 and turbine
vanes 37 which may extract kinetic energy from the combustion exhaust. The kinetic energy
may be used to turn a shaft 24 and provide power output for the gas turbine engine 10.

[0033] In one example, the gas turbine engine 10 may be a high-bypass geared aircraft engine.
In a further example, the gas turbine engine 10 may have a bypass ratio greater than about six
(6:1) although other ratios are possible. “Bypass ratio” is a term of art comparing the volume of
air coming through the fan and passing around the compressor relative to the volume of air
passing through the compressor. The geared architecture may include an epicyclic gear train,
such as a planetary gear system or other gear system. An example epicyclic gear train may have
a gear reduction ratio of greater than about 2.3:1, and in another example may be greater than
about 2.5:1, although other ratios are possible. The geared turbofan may enable operation of low
spool at higher speeds which may increase the operational efficiency of the low pressure
compressor 20 and low pressure turbine 33 and may render increased pressure in a fewer number
of stages.

[0034] A pressure ratio associated with the low pressure turbine may be pressure measured
prior to the inlet of the low pressure turbine as related to the pressure at the outlet of the low
pressure turbine prior to an exhaust nozzle of the gas turbine engine 10. In one embodiment, the
bypass ratio of the gas turbine engine 10 may be greater than about ten (10:1), the fan diameter is
significantly larger than that of the low pressure compressor 20, and the low pressure turbine has
a pressure ratio that is greater than about five (5:1). It should be understood, however, that the
above parameters are only exemplary of one embodiment of a geared architecture engine and
that the present disclosure is applicable to other gas turbine engines.

[0035] In an example embodiment, a significant amount of thrust may be provided by the
bypass flow path due to the high bypass ratio. The fan 12 if the gas turbine engine 10 may be
designed for a particular flight condition — typically cruise at about 0.8 Mach and about 35,000
feet. This flight condition, with the gas turbine engine 10 at its best fuel consumption, is also
known as bucket cruise Thrust Specific Fuel Consumption (TSFC). TSFC is an industry
standard parameter of fuel consumption per unit of thrust.

[0036] Fan Pressure Ratio is the pressure ratio across a blade of a fan section without the use

of a Fan Exit Guide Vane system. The low Fan Pressure Ratio according to one embodiment of
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the example gas turbine engine 10 is less than 1.45. Low Corrected Fan Tip Speed is the actual

05 - .
, in which

fan tip speed divided by an industry standard temperature correction of (T/518.7)
“T” represents the ambient temperature in degrees Rankine. The Low Corrected Fan Tip Speed
according to one embodiment of the example gas turbine engine 10 is less than about 1150 fps
(350 m/s) although other values are possible.

[0037] Bypass air is the portion of inlet air which is taken in through the fan 12 and not
directed through compressor section 14. The bypass air may be directed through a bypass duct
26 by guide vanes 28. Some of the bypass air may flow through an opening 29 to cool the
combustor section 16, the high pressure compressor 22, and/or the turbine section 18. Fan 12
may include a plurality of blades 30 which spin as part of the fan 12 about the axis 23.

[0038] The in-line components of the gas turbine engine 10 may be susceptible to damage
from foreign objects (e.g., ingestion of birds) and, thus, the blade(s) 30 may be designed to
prevent foreign object damage by, for example, adding a sheath to the blade 30. However, in the
design of such foreign object resistant blades, excess weight may be added to the blade causing a
loss in operational efficiency of the gas turbine engine 10. FIGS. 2-4 illustrate a blade 30 having
a sheath to prevent such foreign object damage while also having hollow cavities to lessen the
weight of the blade relative to a solid blade of the same material. The decrease in weight due to
hollow cavities may increase the operational efficiency of the gas turbine engine 10.

[0039] Turning to the drawings, FIG. 2 illustrates a perspective view of an example blade 30
having a sheath 32. Blade 30 may include an airfoil 34 with a leading edge 36 and a trailing
edge 38 in a chordwise direction, a tip 40 and a root 42 in a spanwise direction. Beneath the
airfoil 34, the blade 30 may include a blade body 33. In some examples, the blade body may be
constructed to define one or more cavities 60. As seen in FIG. 3, the blade 30 may include a
suction side 44 and pressure side 46 in a thickness direction. The blade body 33 may be defined
in a thickness direction between the suction side 44 and the pressure side 46 of the airfoil 34.
Thusly, the cavities 60 may be constructed in a thickness direction and cavities may be designed
to make the blade 30 have a lighter weight relative to a blade having a solid blade body. The one
or more cavities 60 may include any number of cavities in any arrangement thereof suitable for
design of the blade 30. In some examples, blade 30, and any components thereof, may be made

from aluminum and/or aluminum alloys, although other materials are possible.
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[0040] FIG. 4 illustrates a perspective view of the sheath 32 of FIGS. 2 and/or 3. The sheath
32 may include a solid portion 48 covering the leading edge 36 of FIG. 2. Further, the sheath 32
may include a first wing 50 extending from the solid portion 48 over the suction side 44 of FIG.
3 in a chordwise direction. The sheath 32 also may include a second wing 51 extending from the
solid portion 48 over the pressure side 46 of FIG. 3 in a chordwise direction. The first wing 50
and/or the second wing 51 may be tapered.

[0041] The sheath 32 may be formed as a single piece or may be formed from more than one
piece. If formed from more than one piece, pieces of the sheath 32 may be secured together
(e.g., by welding, bonding, etc.) into one piece before bonding the sheath 32 on to the airfoil 34.
A sheath 32 secured into one piece may provide greater strength and therefore greater protection
for the airfoil 34. The sheath 32 may be made of titanium and/or titanium alloys or another
material with similar strength-to-weight ratios and/or other characteristics which would make it
ideal to use in protecting airfoil 34 from an impact loading, such as those caused by foreign
objects (e.g., a bird strike). Additionally or alternatively, sheath 32 may be made of stainless
steel and/or stainless steel alloys, nickel and/or nickel alloys, and/or other materials.

[0042] In some examples, the sheath 32 may cover leading edge 36 of the airfoil 34 with solid
portion 48 by bonding wings 50, 51 to suction side 44 and pressure side 46 of airfoil 34. Wings
50 can be bonded to suction side 44 and pressure side 46 with various adhesives including, but
not limited to, rubber, silicone or epoxy resin. The solid portion 48 of sheath 32 may vary in
thickness.

[0043] The distance which the solid portion 48 of sheath 32 extends out from leading edge 36
(see FIG. 3) can vary across the span (from root 42 to tip 40) of sheath 32, and may be about
28.70 mm (1.13 inches) in the area of airfoil 34 nearest to tip 40, and about 80-100% of the span
of airfoil 34. In some examples, the first wing 50 can extend over about 35% of the airfoil 34 in
the chordwise direction at tip 40, covering about 30% of suction side 44 in the area nearest to the
tip 40. The second wing 51 can extend over about 45% of the airfoil 34 in the chordwise
direction, covering about 35% of the pressure side 46 of the airfoil 34 in the area nearest to the
tip 40. By ensuring first wing 50 and second wing 51 extend at least about 30% of the airfoil
chord or cover a particular amount of area on the suction side 44 and/or pressure sides 46, the

sheath 32 provides extra strength and stiffness to blade 30, allowing blade 30 to be made of



WO 2014/149098 PCT/US2013/075319

lightweight materials (e.g., aluminum), and maintain its original shape and therefore optimal
performance and levels of acrodynamic efficiency even under impact loading.

[0044] For example, in FIGS. 2-4, the first wing 50 extends over the distance D1 (for example,
about 88.9 mm from the leading edge 36 on the suction side 44) and the second wing 51 extends
a distance D2 (for example, about 114.3 mm from the leading edge 36 on the pressure side 46).
The thickness of each of wings 50 and 51 can vary depending on the solid portion 48 of the
sheath 32, but can, for example, be about 0.838 mm. The lengths and percentages for the
dimensions of sheath 32 are given for example purposes and can vary depending on the
requirements for blade 30, sheath 32 and engine 12. For example, sheath wings 50 and 51 could
extend over nearly all of the suction side 44 and/or pressure side 46 of the airfoil 34 in some
embodiments.

[0045] By extending first wing 50 and second wing 51, sheath 32 is able to better protect
airfoil 34. Additionally, wings 50 and 51 further provide extra stiffness to airfoil 48 and more
surface area for a smooth load transfer during impacts to blade 30. Wings 50 and 51 can also be
tapered to help to reduce stress discontinuities, therefore reducing the likelihood that wings 50
will peel away from blade 30.

[0046] However, when the sheath 32 extends over substantial portions of the blade airfoil
chord, but for the further inventive contributions of the present disclosure, the weight of the
blade 30 may be increased significantly. To lighten the blade, one or more cavities 60 may be
present within the blade body 33 underneath the airfoil 34. The cavities may be present between
the suction side 44 and the pressure side 46 of the airfoil 34. The one or more cavities 60 may be
located underneath the portion of the airfoil 34 covered by the sheath. Additionally or
alternatively, the cavities 60 may also be located beneath any remaining portion of the airfoil 34
between the suction side 44 and the pressure side 46.

[0047] The one or more cavities 60 may be hollow. Additionally or alternatively, the one or
more cavities 60 may be filled with a substance, the substance having less density than the metal
from which the blade is constructed. Filling the cavities 60 with a less dense substance may
achieve the result of lessening the weight of the blade 30 while also maintaining the durability of
a solid blade. In some examples, the blade 30 may be constructed from aluminum; in some such
examples, the one or more cavities 60 may be filled with a hybrid metallic substance having less

density than the aluminum used to construct the blade 30. The hybrid metallic substance may be
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any combination of a metallic (e.g. titanium, aluminum, nickel, etc.) and other substances such
as, but not limited to, metallic foams, metallic or polymeric honeycombs, polymer matrix
composites, organic matrix composites, energy absorbing materials (e.g., Kevlar ®, etc.), and/or
structural adhesives such as polyurethanes and epoxies. In some embodiments, the blade 30 may
be of a size that necessitates using one or more cavities 60, hollow or filled, to allow the blade to
weigh less.

[0048] From the foregoing it can be seen that the present disclosure sets forth gas turbine
engines and gas turbine engine blades having a protective sheath and hollow and/or alloy-filled
cavities. In doing so, protection from foreign object damage is provided by the sheath while the
hollow and/or alloy filled cavities allow the blade to be lighter. A lighter blade may be

associated with greater efficiency in the gas turbine engine.

INDUSTRIAL APPLICABILITY

[0049] 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, the design and
construction of fan blades for a gas turbine engine. The gas turbine engine may be used in
conjunction with an aircraft for generating thrust, or for land-based applications for generating
power. Using the teachings of the present disclosure, the design and construction of the fan
blades for the gas turbine engine may include design improvements for foreign object damage
prevention, for example, for protection from bird strikes on the fan of the aircraft. This
improvement over the prior art allow the blade to have adequate protection from foreign object
damage while also preserving operational efficiency by maintaining a light weight blade.
[0050] While the present disclosure has been in reference to a gas turbine engine and an
aircraft, one skilled in the art will understand that the teachings herein can be used in other
applications as well. For example, the disclosed systems and methods may be used for foreign
object damage prevention while maintaining a lighter weight wing for other fan-based
machinery. It is therefore intended that the scope of the invention not be limited by the
embodiments presented herein as the best mode for carrying out the invention, but that the

invention will include all equivalents falling within the spirit and scope of the claims as well.
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Claims
What is claimed is:
1. A gas turbine engine fan blade, the fan blade comprising:
an airfoil having a leading edge and a trailing edge in a chordwise direction, a tip and a
root in a spanwise direction, a suction side and a pressure side;
a sheath comprising a solid portion that covers the leading edge of the airfoil; and
a blade body between the suction side and the pressure side of the airfoil, wherein the

blade body defines a cavity.

2. The fan blade of claim 1, wherein the cavity is filled with a material having a lighter

density than the airfoil.

3. The fan blade of claim 2, wherein the material having a lighter density than the airfoil is a

hybrid metallic substance.

4, The fan blade of claim 1, wherein the airfoil is constructed from aluminum.

5. The fan blade of claim 4, wherein the cavity are filled with a hybrid metallic substance

having a lower density than aluminum.

6. The fan blade of claim 1, wherein at least one of the first wing and the second wing of the

sheath extends over at least about 35% of the airfoil in a chordwise direction.

7. The fan blade of claim 6, wherein the at least one of the first wing and the second wing
extends over at least about 35% of the airfoil in a chordwise direction in a region of the airfoil

near the tip of the airfoil.

8. The fan blade of claim 1, wherein the cavity is located underneath the portion of the

airfoil covered by the sheath.

9. The fan blade of claim 1, wherein the sheath is titanium.

10
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10. The fan blade of claim 1, wherein the sheath further comprises:
a first wing attached to the suction side of the airfoil; and

a second wing attached to the pressure side of the airfoil.

11.  The fan blade of claim 1, wherein the first and second wings of the sheath are secured to
the airfoil by bonding.
12. A method of fabricating a gas turbine engine blade, the blade having an airfoil having a

leading edge and a trailing edge in a chordwise direction, a tip and a root in a spanwise direction,
a suction side and a pressure side, and a blade body between the suction side and the pressure
side, the method comprising;:

forming a sheath over the airfoil, the sheath having a solid portion that covers the leading
edge of the airfoil;

forming one or more hollow cavities between the suction side and the pressure side of the
airfoil; and

forming a cavity within the blade body.

13.  The method of claim 12, further comprising filling the cavity with a material having a
lighter density than the airfoil.

14.  The method of claim 12, further comprising filling the cavity with a a hybrid metallic

substance.
15.  The method of claim 12, further comprising constructing the airfoil from aluminum.
16.  The fan blade of claim 15, further comprising forming the sheath with a wing, wherein

the wing is tapered.

17.  The fan blade of claim 12, further comprising locating the cavity underneath the portion
of the airfoil covered by the sheath.

11
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18. A gas turbine engine, comprising:
a fan, the fan comprising at least one fan blade, the at least one fan blade comprising:
an airfoil having a leading edge and a trailing edge in a chordwise
direction, a tip and a root in a spanwise direction, a suction side and a pressure
side;
a sheath comprising a solid portion that covers the leading edge of the
airfoil; and
a blade body between the suction side and the pressure side of the airfoil,
wherein the blade body defines a cavity;
a compressor section downstream of the fan;
a combustor section downstream of the compressor section; and

a turbine section downstream of the combustor section.

19.  The gas turbine engine of claim 18, wherein the cavity is filled with a material having a

lighter density than the airfoil.

20.  The gas turbine engine of claim 18, wherein the cavity is located underneath the portion

of the airfoil covered by the sheath.

12
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