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blade leading edge is described. The method may comprise generating a pre-
form plate from a stock plate wherein the preform plate has a flattened sur-
face and an inclined surface having a spike flanked by a first side and a
second side. The method may further comprise bending the first side and the

second side away from the spike to generate a sheath intermediate followed
by generating the protective sheath from the sheath intermediate by shaping
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an outer surface and an inner surface of the sheath intermediate to match the

contour of the fan blade leading edge.
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LEADING EDGE SHEATH MANUFACTURING METHOD

BACKGROUND

Technical Field

[0001] The present disclosure generally relates to the manufacture of protective sheaths for
fan blades and, more specifically, relates to providing a method for manufacturing protective

sheaths for fan blade leading edges in a gas turbine engine.

Description of the Related Art

[0002] Fans in aircraft gas turbine engines use mechanical energy from the turbine to
accelerate air through the engine to assist in creating thrust. During operation, the fan blades,
particularly the front tips (or leading edges) of the fan blades, may become damaged upon
exposure to foreign objects. F'or example, the fan blades may be damaged by impact with
foreign objects such as birds, ice, or hail. In order to protect fan blades in gas turbine engines
from damage caused by impact with foreign objects, the entire leading edge of each fan blade
may be covered with a protective sheath. The protective sheath fits over the fan blade
leading edge and improves the stiffness of the fan blade, improves its resistance to certain
environments and foreign objects, decreases vibrational responses on the fan blade resulting
from unwanted aerodynamic loading, and improves its resistance against erosion.

[0003] Protective sheaths are characterized by an inner diameter (ID) slot which comprises
a cavity configured to fit over the leading edge of the fan blade. The ID slot of the sheath
ideally comprises dimensions and an inner contour that directly mirrors the dimensions of the
fan blade leading edge outer contour, such that the sheath forms an air-tight seal over the fan
blade leading edge. The ID slot is delimited by the space between two “wings” which fit
over and at least partially cover the front and back surfaces of the fan blade. A protective

sheath is also characterized by the shape of its “leading edge nose” which sits directly on top
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of the fan blade leading edge and ultimately forms an extension of the fan blade leading edge.
In general, it is important for the protective sheath to have a leading edge nose shape that
conforms to the outer contour of the fan blade leading edge in order to preserve the
aerodynamic design and operation of the fan blade.

[0004] Shaping the ID slot and the leading edge nose of a protective sheath to match the
dimensions and contours of the fan blade leading edge can pose a significant challenge in its
manufacture, however. In particular, the change in cross-sectional area between the leading
edge nose of the sheath and the wings makes the formation of the sheath difficult by
conventional processes. Current known methods for the manufacture of leading edge
protective sheaths are inefficient, time consuming, and require laborious steps and expensive
equipment. Many of the known manufacturing methods for protective sheaths machine the
sheath from a larger input plate or bar stock material such that much of the input stock
material is not incorporated into the final product and is discarded. Manufacturing methods
for leading edge sheaths that are able to access desired ID slots and leading edge nose shapes
in an inexpensive and efficient way are wanting.

[0005] One known method uses conventional machining to shape the ID slot and leading
edge nose of the protective sheath from a larger block of input stock material. A similar
strategy uses conventional machining to partially shape the sheath with the “wings” flared
followed by a hot forming step to mold the sheath with the wings down over a mandrel that
conforms to the shape of the fan blade leading edge. However, these methods are not cost-
effective or efficient as much of the input material is discarded. Moreover, it is difficult to
produce dimensionally acceptable sheaths by these methods.

[0006] Another known method to manufacture leading edge sheaths uses electro discharge
machining (EDM) to shape the ID slot from a larger block of input metallic stock material.

EDM shapes the metallic block using electrical discharges/sparks that selectively remove
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material from the metallic block. The EDM step requires multiple separate tools and leaves a
recast layer on the ID slot that requires removal by a separate chemical milling step. The
leading edge nose is then formed by a conventional machining process. This method is less
than ideal for the manufacture of protective sheaths as it requires multiple tools and time
consuming steps, a chemical milling step, and a high input of stock material, much of which
is thrown away.

[0007] Another known manufacturing method, as described, for example, in US Patent
Number 5,908,285, uses nickel electroforming to generate leading edge protective sheaths.
By this approach, a mandrel having an exterior surface that conforms to the shape of the fan
blade leading edge is placed in a nickel solution and is subjected to an electric current.

Nickel particles are subsequently deposited on the mandrel to build up the sheath structure on
the mandrel in a “bottom-up” type of approach. Although this method is associated with a
low input of stock material, the difficulty in producing sheaths with sufficient thickness
electroforming is well-known in the industry.

[0008] While several strategies like those described above exist for the manufacture of
leading edge protective sheaths, many are plagued by drawbacks such as a requirement for a
large input of stock material, inefficiency, expensive and time consuming steps, and a
difficulty in producing dimensionally acceptable sheaths. Clearly, there is a need for sheath
manufacturing methods that overcome these disadvantages.

SUMMARY OF THE DISCLOSURE

[0009] In accordance with one aspect of the present disclosure, a method for
manufacturing a protective sheath for a fan blade leading edge is disclosed. The method may
comprise generating a preform plate from an input stock plate. The preform plate may have a
flat surface and an inclined surface. The inclined surface may have a spike extending away

from the inclined surface and the spike may be flanked by a first side and a second side. The
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method may further comprise bending the first side and the second side away from the spike
to generate a sheath intermediate followed by generating the protective sheath from the
sheath intermediate by shaping an outer surface and an inner surface of the sheath
intermediate to match the contour of the fan blade leading edge.

[0010] In another refinement, the shaped inner surface of the protective sheath may form
an inner diameter slot configured to receive the fan blade leading edge.

[0011] In another refinement, generating the protective sheath from the sheath intermediate
may be performed by a superplastic forming process.

[0012] In another refinement, the superplastic forming process may comprise placing the
sheath intermediate over a mandrel in the shape of the fan blade leading edge, heating the
sheath intermediate to a temperature conducive to superplastic deformation, and using a tool
to shape the outer surface and the inner surface of the sheath intermediate to match the
contour of the fan blade leading edge.

[0013] In another refinement, bending the first side and the second side away from the
spike may be performed by a cold forming process over a mandrel.

[0014] In another refinement, the cold forming process may be performed at room
temperature.

[0015] In another refinement, bending the first side and the second side away from the
spike may be performed by a warm forming process over a mandrel.

[0016] In another refinement, the warm forming process may be performed at an elevated
temperature between about 200°C and about 1500°C.

[0017] In another refinement, the preform plate may be generated from the stock plate by a

contour roll plate technique.
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[0018] In another refinement, the preform plate may be generated from the stock plate by a
method selected from the group consisting of a contour roll plate technique, conventional
machining, and hot forging.

[0019] In another refinement, the method may further comprise bonding the protective
sheath to the fan blade using at least one adhesive.

[0020] In another refinement, the protective sheath may be formed from titanium.

[0021] In another refinement, the protective sheath may be formed from titanium 6A1-4V.
[0022] In accordance with another aspect of the present disclosure, a method for
manufacturing a protective sheath for a fan blade leading edge using a preform plate as input
stock material is disclosed. The preform plate may have a flat surface and an inclined
surface. The inclined surface may have a spike extending away from the inclined surface and
the spike may be bordered by a first side and a second side. The method may comprise
bending the first side and the second side away from the spike to introduce a bend into the
flat surface and to generate a sheath intermediate. The method may further comprise
generating the protective sheath from the sheath intermediate by shaping an outer surface and
an inner surface of the sheath intermediate to match the contour of the fan blade leading edge.
The shaped inner surface of the protective sheath may form an inner diameter slot configured
to receive the fan blade leading edge.

[0023] In another refinement, generating the protective sheath from the sheath intermediate
may be performed by a superplastic forming process.

[0024] In another refinement, bending the first side and the second side away from the
spike may be performed by a cold forming process over a mandrel.

[0025] In another refinement, bending the first side and the second side away from the

spike may be performed by a warm forming process over a mandrel.
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[0026] In another refinement, the preform plate may be generated from the stock plate by a
contour roll plate technique.
[0027] In another refinement, the preform plate may be generated from the stock plate by a
method selected from the group consisting of a contour roll plate technique, conventional
machining, and hot forging.
[0028] In accordance with another aspect of the present disclosure, a fan blade protective
sheath having an outer surface and an inner diameter slot configured to receive a fan blade
leading edge is disclosed. The outer surface and the inner diameter slot of the protective
sheath may have a shape that conforms to the shape of the fan blade leading edge. The fan
blade protective sheath may be formed by a method comprising generating a preform plate
from an input stock plate. The preform plate may have a flat surface an inclined surface. The
inclined surface may have a spike extending away from the inclined surface and a first side
and a second side may flank the spike. The method may further comprise bending the first
side and the second side away from the spike to generate a sheath intermediate followed by
generating the protective sheath from the sheath intermediate by shaping an outer surface and
an inner surface of the sheath intermediate to match the contour of the fan blade leading edge.
The shaped inner surface of the protective sheath may form the inner diameter slot.
[0029] These and other aspects and features of the present disclosure will be more readily
understood when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIG. 1is a front view of a fan of a gas turbine engine constructed in accordance
with the present disclosure.
[0031] FHIG. 2 is a perspective view of a fan blade illustrating the leading edge without a

protective sheath.
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[0032] FIG. 3 is a perspective view of the leading edge of the fan blade of FIG. 2 provided
with a protective sheath constructed in accordance with the present disclosure.

[0033] FIG. 4 is a side view of the protective sheath constructed in accordance with the
present disclosure.

[0034] FIG. 5 is a top view of the protective sheath of FIG. 4 constructed in accordance
with the present disclosure.

[0035] FIG. 6 is a perspective view, schematically illustrating the formation of the preform
plate from a stock plate, in accordance with a method of the present disclosure.

[0036] FIG. 7 is a perspective view of the preform plate constructed in accordance with the
present disclosure.

[0037] FHIG. 8 is a side view of the preform plate of FIG. 6.

[0038] FIG. 9 is a perspective view, illustrating the formation of the preform plate by a
contour roll plate technique, in accordance with a method of the present disclosure.

[0039] FHIG. 10 is a perspective view, illustrating exemplary dies for the formation of the
preform plate by hot forging, in accordance with the present disclosure.

[0040] FIG. 11 is a side view, schematically illustrating the formation of a sheath
intermediate from the preform plate, in accordance with a method of the present disclosure.
[0041] FIG. 12 is a perspective view of the sheath intermediate of FIG. 11.

[0042] FIG. 13 is a perspective view, schematically illustrating the formation of the
protective sheath from the sheath intermediate, in accordance with a method of the present
disclosure.

[0043] FIG. 14 is a flow chart, illustrating a sample sequence of steps which may be
involved in the manufacture of the protective sheath, in accordance with a method of the

present disclosure.
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[0044] It should be understood that the drawings are not necessarily drawn to scale and
that the disclosed embodiments are sometimes illustrated schematically and in partial views.
Itis to be further appreciated that the following detailed description is merely exemplary in
nature and is not intended to limit the invention or the application and uses thereof. In this
regard, it is to be additionally appreciated that the described embodiment is not limited to use
in conjunction with a particular type of fan blade. Hence, although the present disclosure is,
for convenience of explanation, depicted and described as certain illustrative embodiments, it
will be appreciated that it can be implemented in various other types of embodiments and in
various other systems and environments.

DETAILED DESCRIPTION

[0045] Referring now to the drawings, and with specific reference to FIG. 1, a perspective
view of a fan 10 of a gas turbine engine 12 is shown. The fan 10 may be involved in using
mechanical energy from a turbine (not shown) to accelerate air through the engine 12 to assist
in generating thrust if used in an aircraft, or power if used in land-based operations.

[0046] The fan 10 has a plurality of fan blades 15 radially extending from a hub 16, as
shown. Fan blades 15 may be made from aluminum, titanium, a metal alloy, a composite
material, or any other suitable composition. FIG. 2 shows an isolated fan blade 15 (without a
protective sheath), illustrating a leading edge 18 of the fan blade 15. During fan operation,
the fan blade leading edge 18 is the portion of the fan blade that first contacts air moving
through the engine in the direction of arrow 19, as shown. The fan blade 15 may further have
a leading surface 20 and a trailing surface 22, as shown. The leading surface 20 may be
oriented toward the direction of fan rotation and the trailing surface 22 may be oriented away
from the direction of fan rotation. Upon impact with debris such as, for example, birds, hail,
ice, or other objects in the environment, the leading edge 18 as well as the surfaces 20 and 22

may become damaged and thereby interfere with the operation of the gas turbine engine 12.
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Furthermore, the leading edge 18 and the surfaces 20 and 22 may be damaged by erosion
caused by environmental exposure over a certain time.

[0047] FIG. 3 shows the leading edge 18 of the fan blade 15 provided with a protective
sheath 30 in accordance with the present disclosure. The protective sheath 30 may
structurally reinforce and stiffen the fan blade 15 and assist preventing damage to the fan
blade 15 upon impact with debris and other objects encountered during the operation of the
fan 10. The protective sheath 30 may further act to reduce the vibrational flutter of fan blade
15 and may assist preventing fan blade erosion. The protective sheath 30 may be formed
from titanium, such as titanium 6AI1-4V. Alternatively, the protective sheath 30 may be
formed from a titanium alloy, a nickel alloy, nickel, or other suitable composition chosen by a
skilled artisan.

[0048] The protective sheath 30 may fit over the leading edge 18 in order to protect and
structurally reinforce the fan blade 15 and may at least partially cover the surfaces 20 and 22
of the fan blade 15, as shown. The protective sheath 30 may be bonded or otherwise joined
to the fan blade 15 with an adhesive or other suitable bonding arrangement. Alternatively,
the protective sheath 30 may be engaged with the fan blade 15 without bonding.

[0049] Turning now to FIGs. 4 and 5, the protective sheath 30 is shown in isolation. The
protective sheath 30 may have two wings which may include a longer first wing 32 and a
shorter second wing 34, as best shown in FIG. 5. The first wing 32 may at least partially
cover the leading surface 20 of the fan blade 15, and the second wing 34 may at least partially
cover the trailing surface 22 of the fan blade 15. The protective sheath 30 may have an ID
slot 35 forming a cavity configured to receive the fan blade leading edge 18. The ID slot 35
may be delimited by the space between the first wing 32 and the second wing 34, as best
shown in FIG. 5. The ID slot 35 may have an inner contour that fully conforms to the

contour of leading edge 18 such that an air tight seal may be formed when the protective
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sheath 30 is engaged with the fan blade 15. The protective sheath 30 may also have a
contoured outer surface 37 having a shape that conforms to the contour of leading edge 18.
In addition, as best shown in FIG. 5, the protective sheath 30 may have a leading edge nose
39 with a shape that conforms to the shape of the leading edge 18. A skilled artisan will
understand that, depending on the structure and use of the fan blade 15, the overall shape,
dimensions, relative wing sizes, and contours of the protective sheath 30 may deviate from
those shown in FIGs. 4 and 5.

[0050] As shown in FIG. 5, the leading edge nose 39 may have a wall thickness A that is
significantly greater than the wall thicknesses B of the wings 32 and 34. In one embodiment,
the relative wall thicknesses of the leading edge nose 39 to the wings 32/34 may be about
three to one. The wings 32 and 34 may have a thickness B in the range of about 0.02 inches
to about 0.04 inches. However, depending on the shape and use of the fan blade 15 as well as
other design and engineering considerations, the wall thicknesses and relative wall
thicknesses of the leading edge nose 39 and the wings 32/34 may vary significantly.

[0051] FIG. 6 illustrates the formation of a preform plate 40 from a stock plate 42 in
accordance with a method of the present disclosure. Once formed, the preform plate 40 may
serve as input stock material for the manufacture of the protective sheath 30 (see further
details below). The preform plate 40 may be generated from the stock plate 42 by a contour
roll plate technique, by hot forging (or press forging), conventional machining, or additive
manufacturing, as will be discussed in further detail below. The stock plate 42 may be
comprised of titanium, such as titanium-6Al-4V, or it may be comprised of a titanium alloy, a
nickel alloy, nickel, or other suitable metallic composition.

[0052] Turning now to FIGs. 7 and 8, the structure of the preform plate 40 is shown in
greater detail. The preform plate 40 may have a length, a width, and a height along the x, y,

and z axes, respectively, as best shown in FIG. 7, and may have a flattened surface 44 and an

-10 -
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inclined surface 46. Moreover, the inclined surface 46 may have a spike 48 projecting along
the height (z) of the preform plate 40 that may come to an apex 49, as shown. The spike 48
may have a fixed shape, which may be approximately triangular in side view, and a fixed
cross-sectional area across the width (y) of the preform plate 40, as shown. In the final
protective sheath 30, the spike 48 may form the leading edge nose 39.

[0053] As shown in FIGs. 7 and 8, the inclined surface 46 may have a first side 50 and a
second side 52 which may be tapered and may become progressively thinner from the spike
48 towards the ends 54 and 56, respectively. The sides 50 and 52 may flank the spike 48, as
shown. In the final protective sheath 30, the sides 50 and 52 may ultimately form the wings
32 and 34, as will be discussed in further detail below. However, depending on the shape and
use of fan blade 15 as well as other design and engineering considerations, the shape of
preform plate 40 may deviate from those shown in FIGs. 6-8.

[0054] A number of different methods for generating the preform plate 40 from the stock
plate 42 will now be described. The preform plate 40 may be generated from the stock plate
42 by a contour rolled plate technique, as depicted in FIG. 9. By this technique, the stock
plate 42, which may initially have a uniform thickness, may first be passed through a series of
rollers at a temperature conducive to plate deformation in order to progressively reduce the
stock plate 42 to a desired thickness (process not shown). The thinned stock plate may then
be passed between two roller dies 60, one roller die 60 having a flattened surface (flattened
roller 62) to provide the flattened surface 44 of preform plate 40, and the other roller die 60
having an imprinted surface (imprinted roller 64) to provide the inclined surface 46 of the
preform plate 40 (see FIG. 7). The thinned stock plate may be repeatedly passed between the
roller dies 60 until the desired shape and dimensions of the preform plate 40 is generated.
The contour rolled plate method may be performed at a temperature conducive to titanium

plate deformation such as between about 1500°F and about 1700°F but other temperatures

-11 -
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may also be suitable depending on the plate composition and other considerations. Given
that nearly all of the input plate material is used to generate the preform plate 40 and the
machinery used for the contour roll plate method is not expensive, the contour rolled plate
technique may provide an efficient and inexpensive method to generate the preform plate 40.
[0055] As an alternative method, the preform plate 40 may be generated from the stock
plate 42 by a hot forging (or press forging) technique. The hot forging technique may
involve heating the stock plate 42 to a temperature that promotes superplasticity and
subsequently pressing the heated stock plate 42 between two dies 65, exemplary illustrations
of which are shown in FIG. 10. One of the dies 65 (flattened die 70) may have a flattened
surface 67 to form the flattened surface 44 of the preform plate 40 and the other die 65
(contoured die 72) may have a contoured surface 69 to form the inclined surface 46 of the
preform plate 40. For a titanium input stock plate, superplasticity may be achieved at about
1650°F (900°C). However, depending on the composition of the stock plate 42 and other
conditions and engineering considerations, the optimal temperature range for hot forging may
vary significantly. Furthermore, the skilled artisan will understand that, in practice, the
shapes and dimensions of the dies 65 used for the hot forging technique may deviate from
those shown in FIG. 10.

[0056] Alternatively, the preform plate 40 may be generated from the stock plate 42 by
conventional machining whereby the preform plate 40 is carved out from the stock plate 42
using low cost machining tools. As yet another alternative method, the preform plate 40 may
be generated by additive manufacture in which the spike 48 may be built up layer by layer on
an appropriately dimensioned metal sheet material by a cladding process or a selected
welding process which may include 3D printing, electron beam welding, gas tungsten arc

welding (GTAW), laser deposit welding, cold spraying, or other welding processes. The

-12 -
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advantage of the additive manufacture method for generating the preform plate 40 may be a
reduction in machining requirements and input stock material.

[0057] Once the preform plate 40 is formed, a sheath intermediate 75 may be formed in
accordance with the present disclosure, as shown in FIGs. 11 and 12. The sheath
intermediate 75 is the form the material of the preform plate 40 takes during the next
manufacturing step towards the protective sheath 30. The sheath intermediate 75 may have
intermediate wings 78 and 79 and a cavity 80 between intermediate the wings 78 and 79, as
shown. The sheath intermediate 75 may have an outer surface 82 and an inner surface 84, as
best shown in FIG. 12. The outer surface 82 and the inner surface 84 may not have the
curvature of the contoured outer surface 37 and the ID slot 35 of the protective sheath 30
once ultimately produced.

[0058] The preform plate 40 may be converted to the sheath intermediate 75 by a cold
forming process 86 or a warm forming process 88, as shown in FIG. 11. The conversion of
the preform plate 40 into the sheath intermediate 75 by the cold forming process 86 or the
warm forming process 88 may involve bending the sides 50 and 52 in a direction away from
the spike 48, as shown. This may be done over an appropriately shaped mandrel 90 using a
press and a set of tools (tools not shown) and may introduce a bend 92 in the flattened surface
44, as shown. The cold forming process may be performed at room temperature, while the
warm forming process may be performed at a selected elevated temperature conducive to the
bending of the metallic material of preform plate 40. The selected elevated temperature may
be chosen such that oxidation of the metallic material of preform plate 40 is avoided. The
elevated temperatures for the warm forming process may be in the range of 200-1500°F or
may be even higher if warm forming is performed under a vacuum where metal oxidation is
reduced. However, depending on the composition of preform plate 40 as well other

conditions, the temperature selected for the cold forming or warm forming process may vary
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significantly. Importantly, the conversion of preform plate 40 to sheath intermediate 75 by
the process shown in FIG. 11 may be performed without discarding any of the material of
preform plate 40.

[0059] A last step according to the present disclosure may be the formation of the
protective sheath 30 from the sheath intermediate 75, as best shown in FIG. 13. The sheath
intermediate 75 may be converted to the protective sheath 30 by introducing curvature into
the outer surface 82 and the inner surface 84 to provide the contoured outer surface 37 and
the ID slot 35, as shown. Curvature may be introduced into the outer surface 82 and the inner
surface 84 of the sheath intermediate 75 by a hot or superplastic forming process 93. In so
doing, the sheath intermediate 75 may be placed on a mandrel 95 which may be in the shape
of the desired fan blade leading edge 18 and the sheath intermediate 75 may then be heated to
a temperature that promotes superplasticity and metal deformation. A tool (not shown) may
be used to shape the outer surface 82 and the inner surface 84 of the heated sheath
intermediate 75 over the mandrel 95 in order to form the contoured outer surface 37 and the
ID slot 35, respectively, thereby providing the protective sheath 30. The superplastic forming
process may be performed under air or vacuum and may be performed at a temperature in the
range of between about 200°F to about 1700°F, but other temperatures may also suffice
depending on the composition of the protective sheath 30. Similar to the step for formation
of the sheath intermediate 75 described above, it is important to note that the conversion of
the sheath intermediate 75 to the protective sheath 30 by the process shown in FIG. 13 may
be performed without discarding any of the material of sheath intermediate 75.

[0060] As another alternative approach, the protective sheath 30 may be generated from
the sheath intermediate 75 using a combination of a hard tool (i.e., mandrel 95) and a ‘soft’
tool such as a rubber pad or other similar relatively soft materials. In this way, the sheath

intermediate 75 may first be placed between the mandrel 95 and a soft tool and then pressure
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may be applied on the side of the soft tool by hydroforming or shock loading to force the
sheath intermediate 75 to adopt the shape of the mandrel 95 and thereby develop the
contoured outer surface 37 and the ID slot 35. It should be noted that although FIG. 13
shows the mandrel 95 (hard tool) being placed on the inner surface 84 of the sheath
intermediate 75 such that the soft tool would be placed on the outer surface 82, it will be
understood that another appropriately shaped mandrel/hard tool having the shape of the fan
blade leading edge may also be configured for placement on the outer surface 82 such that the
soft tool would be placed on the inner surface 84 to achieve the same result. As yet another
alternative method, the protective sheath 30 may also be also be directly generated from the
preform plate 40 by superplastic formation such that the step forming the sheath intermediate
75 may be eliminated.

[0061] Once formed, it can be seen that the protective sheath 30 may be configured to
receive the leading edge 18 of the fan blade 15 in the ID slot 35, as best shown in FIG. 3.

The protective sheath 30 may then be bonded or otherwise joined to the leading edge 18
using a suitable adhesive or other suitable arrangement.

[0062] Insummary, FIG. 14 illustrates the steps which may be involved in the manufacture
of the protective sheath 30, in accordance with the present disclosure. Starting with a block
100, the preform plate 40 may be produced from the stock plate 42 by a contour rolled plate
technique, a conventional machining process, or a hot forging process as described above.
The preform plate 40 may also be generated by additive manufacture by building up the spike
48 layer by layer on an appropriately dimensioned metal sheet material. Following the block
100, the sides 50 and 52 of the preform plate 40 may be bent down as shown by a block 110.
According to the block 110, the sides 50 and 52 of the preform plate 40 may be bent down by
a cold or warm forming shaping process over the mandrel 90 to produce the sheath

intermediate 75 (see FIG. 11). However, as the outer surface 82 and the inner surface 84 of
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the sheath intermediate 75 may lack the curvature of the fan blade leading edge 18, during a
block 120, the outer surface 82 and the inner surface 84 may be shaped over a mandrel 95 to
develop the contoured outer surface 37 and the ID slot 35, thereby generating the protective
sheath 30, as shown in FIG. 13. Alternatively, the leading edge contour may be developed on
the sheath intermediate 75 by placing it between an appropriately shaped mandrel (or hard
tool) and a soft tool and subsequently applying pressure on the side of the soft tool to force
the sheath intermediate 75 to adopt the shape of the mandrel. The contoured outer surface 37
and the ID slot 35 may have a contour matching the contour of the fan blade leading edge 18.
The protective sheath 30 may then be bonded or otherwise joined to the leading edge 18 of
the fan blade according to block 130, as shown.

Industrial Applicability

[0063] In general, it can be seen that the technology disclosed herein has industrial
applicability in a variety of settings including, but not limited to, aircraft and gas turbine
engine construction. The generation of a protective leading edge sheath from a preform plate
minimizes the amount of input stock material that is discarded in the manufacture process,
reduces tooling costs, and increases production efficiency compared with currently known
methods. Moreover, the generation of protective sheaths from a preform plate provides
straightforward access to protective sheaths having the desired change in cross-sectional area
between the leading edge nose and the wings as well as access to ID slots having shapes and
dimensions fully conforming to the shape of the fan blade leading edge.

[0064] While only certain embodiments have been set forth, alternative embodiments and
various modifications will be apparent from the above descriptions to those skilled in the art.
These and other alternatives are considered equivalents and within the spirit and scope of this

disclosure.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a protective sheath for a fan blade leading edge
comprising:
generating a preform plate from an input stock plate, the preform plate having
a flat surface and an inclined surface, the inclined surface having a spike extending
away from the inclined surface, the preform plate further including a first side and a
second side flanking the spike;
bending the first side and the second side away from the spike to generate a
sheath intermediate; and
generating the protective sheath from the sheath intermediate by shaping an
outer surface and an inner surface of the sheath intermediate to match the contour of
the fan blade leading edge.
2. The method according to claim 1, wherein the shaped inner surface forms an inner
diameter slot configured to receive the fan blade leading edge.
3. The method according to claim 2, wherein generating the protective sheath from the
sheath intermediate is performed by a superplastic forming process.
4. The method according to claim 3, wherein the superplastic forming process
comprises:
placing the sheath intermediate over a mandrel in the shape of the fan blade
leading edge;
heating the sheath intermediate to a temperature conducive to superplastic
deformation; and
using a tool to shape the outer surface and the inner surface of the sheath

intermediate to match the contour of the fan blade leading edge.
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5. The method according to claim 3, wherein bending the first side and second side is
performed by a cold forming process over a mandrel.

6. The method according to claim 5, wherein the cold forming process is performed at
room temperature.

7. The method according to claim 3, wherein bending the first side and the second side is
performed by a warm forming process over a mandrel.

8. The method according to claim 7, wherein the warm forming process is performed
between about 200°C and about 1500°C.

0. The method according to claim 3, wherein generating the preform plate from the stock
plate is performed by a contour roll plate technique.

10. The method according to claim 3, wherein generating the preform plate from the stock
plate is performed by a method selected from the group consisting of a contour roll plate
technique, conventional machining, and hot forging.

11. The method according to claim 10, further comprising the step of bonding the

protective sheath to the fan blade using at least one adhesive.

12. The method according to claim 10, wherein the protective sheath is formed from
titanium.
13. A method for manufacturing a protective sheath for a fan blade leading edge using a

preform plate as input stock material, the preform plate having a flat surface and an inclined
surface, the inclined surface having a spike extending away from the inclined surface, the
spike being bordered by a first side and a second side, said method comprising:
bending the first side and the second side away from the spike to introduce a
bend into the flat surface and to generate a sheath intermediate; and
generating the protective sheath from the sheath intermediate by shaping an

outer surface and an inner surface of the sheath intermediate to match the contour of
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the fan blade leading edge, the shaped inner surface forming an inner diameter slot
configured to receive the fan blade leading edge.
14. The method according to claim 13, wherein generating the protective sheath from the
sheath intermediate is performed by a superplastic forming process.
15. The method according to claim 14, wherein the superplastic forming process
comprises the steps of:
placing the sheath intermediate over a mandrel in the shape of the fan blade
leading edge;
heating the sheath intermediate to a temperature conducive to superplastic
deformation; and
using a tool to shape the outer surface and the inner surface of the sheath
intermediate to match the contour of the fan blade leading edge.
16. The method according to claim 14, wherein bending the first side and the second side
is performed by a cold forming process over a mandrel.
17. The method according to claim 14, wherein bending the first end and the second end
is performed by a warm forming process over a mandrel.
18. The method according to claim 13, wherein the preform plate is generated from a
stock plate by a contour roll plate technique.
19. The method according to claim 13, wherein the preform plate is generated from a
stock plate by a method selected from the group consisting of a contour roll plate technique,
conventional machining, and hot forging.
20. A fan blade protective sheath having an outer surface and an inner diameter slot
configured to receive a fan blade leading edge, the outer surface and the inner diameter slot
having a shape that conforms to the shape of the fan blade leading edge, the fan blade

protective sheath formed by a method comprising:
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generating a preform plate from an input stock plate, the preform plate having
a flat surface and an inclined surface, the inclined surface having a spike extending
away from the inclined surface, the preform plate further including a first side and a
second side flanking the spike;

bending the first side and the second side away from the spike to generate a
sheath intermediate; and

generating the protective sheath from the sheath intermediate by shaping an
outer surface and an inner surface of the sheath intermediate to match the contour of

the fan blade leading edge, the shaped inner surface forming the inner diameter slot.
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