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(57) Abstract: A rotary blade is provided that includes a root, an airfoil, and a tip insert. The airtfoil is attached to the root, and has a
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in a chordwise direction between the leading edge and trailing edge. The tip insert has a base end and a rub end. The base end of the
tip insert is disposed within the slot. The rub end of the tip insert extends radially outward from the airfoil tip.
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GAS TURBINE ROTARY BLADE WITH TIP INSERT

Applicant hereby claims priority to U.S. Patent Application No. 13/362,968 filed January

31, 2012, the disclosure of which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention relates to rotary blade assemblies for gas turbine engines in
general, and to rotary blade tip structures in particular.

2. Background Information

[0002] Gas turbine engines are typically designed to minimize the clearance between
rotary blade tips and the surrounding casing. Such designs decrease air leakage between the
blade tips and the casing, and thereby improve the efficiency of the engine. Some prior art
designs include an abradable material disposed on an interior portion of the casing surrounding
the rotary blade tips. During initial use of such prior art designs, the rotary blades extend
radially outward and engage the abradable material, creating a trench within the abradable
material. During subsequent use of such prior art designs, the rotary blade tips extend into the
trench and thereby create a decreased leakage air path between the rotary blade tips and the
abradable seal. These designs work reasonably well, but can also have drawbacks relating to
mechanical durability of the blade tips. For example, prior art rotary blades made of durable
materials (i.e., materials sufficiently durable to prevent blade tip failure) often make the rotary
blade undesirably heavy. Another prior art attempt to solve blade tip durability involved
anodizing rotary blade tips to strengthen them. This approach can be problematic because the
anodizing can cause cracking in the fan blade.

[0003] What is needed, therefore, are rotary blades for use in gas turbine engines, which
blades are sufficiently durable so as to prevent the blade tips from being damaged if they engage

an abradable seal material, and which rotary blades overcome the problems discussed above.

SUMMARY OF THE INVENTION
[0004] According to one aspect of the present invention, a rotary blade is provided that

includes a root, an airfoil, and a tip insert. The airfoil is attached to the root, and has a suction
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side surface, a pressure side surface, a leading edge, a trailing edge, a tip, and a slot disposed
within the tip. The slot extends in a chordwise direction between the leading edge and trailing
edge. The tip insert has a base end and a rub end. The base end of the tip insert is disposed
within the slot. The rub end of the tip insert extends radially outward from the airfoil tip.

[0005] In a further embodiment of any of the foregoing embodiments, the slot is disposed
in the tip between the pressure side surface and the suction side surface of the airfoil.

[0006] In a further embodiment of any of the foregoing embodiments, a portion of the
slot extends to the pressure side surface of the blade adjacent to the trailing edge portion of the
blade.

[0007] In a further embodiment of any of the foregoing embodiments, the slot extends all
the way between the leading edge and the tfailing edge.

[0008] In a further embodiment of any of the foregoing embodiments, a leading edge
insert is disposed at the leading edge of the blade.

[0009] In a further embodiment of any of the foregoing embodiments, the leading edge
insert extends chordwise along a first portion of the tip, and the tip insert extends chordwise
along a second portion of the tip, and the sum of the first portion and the second portion is equal
to or greater than a chordlength of the airfoil tip.

[0010] In a further embodiment of any of the foregoing embodiments, the airfoil
comprises aluminum, and the tip insert comprises anodized aluminum, titanium and/or ceramic.
[0011] In a further embodiment of any of the foregoing embodiments, the slot is
substantially rectangular-shaped.

[0012] In a further embodiment of any of the foregoing embodiments, at least a portion
of the slot is arcuately shaped.

[0013] According to another aspect of the present invention, a rotary blade tip insert for a
rotary blade having an airfoil that has a suction side surface, a pressure side surface, a leading
edge, a trailing edge, a tip, and a slot disposed within the tip, is provided. The tip insert has a
width extending between a base end and a rub end, and a length extending between a forward
end and an aft end. The base end is configured to be received within the slot and the rub end is

configured to extend radially outward from the airfoil tip.
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[0014] In a further embodiment of any of the foregoing embodiments, the length of the
tip insert is substantially equal to the chordwise distance between the leading edge and the
trailing edge of the airfoil.

[0015] In a further embodiment of any of the foregoing embodiments, the tip insert
comprises anodized aluminum, titanium and/or ceramic.

[0016] In a further embodiment of any of the foregoing embodiments, the widthwise
cross-section of the tip insert is substantially rectangular-shaped.

[0017] In a further embodiment of any of the foregoing embodiments, at least a portion
of the width-wise cross—seétion of the tip insert is arcuately shaped.

[0018] - According to another aspect of the present irivention, a rotary blade assembly
within a gas turbine engine is provided. The assembly includes a plurality of rotary blades
extending radially outwardly from a hub, and a containment case. Each rotary blade has an
airfoil that has a suction side surface, a pressure side surface, a leading edge, a trailing edge, a
tip, and a slot disposed within the tip. Each rotary blade further includes a tip insert having a
base end and a rub end. The base end of the tip insert is disposed within the slot. The rub end of
the tip insert extends radially outward from the airfoil tip. The containment case is disposed
radially outside of the rotary blades and circumferentially surrounding the plurality of blades.
[0019] In a further embodiment of any of the foregoing embodiments, the plurality of
rotary blades are fan blades.

[0020] In a further embodiment of any of the foregoing embodiments, the airfoil
comprises aluminum, and the tip insert comprises anodized aluminum, titanium and/or ceramic.
[0021] In a further embodiment of any of the foregoing embodiments, the slot in each of
the plurality of rotary blades is at least partially arcuately shaped.

[0022] The foregoing features and advantages and the operation of the invention will
become more apparent in light of the following description of the best mode for carrying out the

invention and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is a diagrammatic cross-sectional illustration of one embodiment of a gas

turbine engine.
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[0024] FIG. 2 is a perspective view of a present invention rotary blade embodiment; e.g.,
a fan blade.

[0025] FIG. 3 is a diagrammatic top view of a blade tip and tip insert embodiment.
[0026] FIG. 4 is a diagrammatic top view of a blade tip and tip insert embodiment.
[0027] FIG. 5 is a diagrammatic top view of a blade tip and tip insert embodiment.
[0028] FIG. 6 is a diagrammatic partial section view of a blade tip portion and tip insert
embodiment.

[0029] FIG. 7 is a diagrammatic partial section view of a blade tip portion and tip insert
embodiment.

[0030] FIG. 8 is a diagrammatic partial section view of a blade tip portion and tip insert
embodiment.

[0031] FIG. 9 is a diagrammatic partial section view of a blade tip portion and tip insert
embodiment.

[0032] FIG. 10 is a diagrammatic partial section view of a blade tip portion and tip insert
embodiment.

[0033] FIG. 11 is a diagrammatic perspective view of a tip insert embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0034] FIG. 1 illustrates a gas turbine engine 10 including a fan section 12, a low-
pressure compressor section 14, a high-pressure compressor section 16, a combustor section 18,
a high-pressure turbine section 20, and a low-pressure turbine section 22. Air drawn into the fan
section 12 is directed into the compressor sections 14, 16 where it is worked to a higher pressure.
The worked air subsequently passes through the combustor section 18 where fuel is added and
ignited. The worked air and combustion products enter and power the turbine sections 20, 22
before exiting the engine.

[0035] The fan section 12 includes a plurality of fan blades 24 connected to, and radially
extending out from, a fan hub 26. The blades 24 may be separable from the hub, or integrally
formed with the hub. The fan section 12 is rotatable about centerline 28 of the engine. A
containment case 30 is disposed radially outside of the fan section 12 and circumferentially
surrounds the fan section 12. The containment case 30 includes an abradable blade outer air seal

(BOAS).
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[0036] FIGS. 2-5 illustrate embodiments of a present invention fan blade 24. In these
embodiments, the fan blade 24 includes a root 32, an airfoil 34, and a blade tip insert 36. The
root 32 is configured to engage the fan hub 26 (FIG. 1) in a manner that secures the fan blade 24
to the hub 26 (integrally formed blades do not include root sections, however). The airfoil 34 is
defined by a leading edge 38, a trailing edge 40, a tip 42, a suction side surface 44 (see FIGS. 3-
5), and a pressure side surface 46. The airfoil 34 includes a slot 48 disposed in the tip portion 42.
The slot 48 extends in a chordwise direction between the leading edge 38 and the trailing edge
40 of the airfoil 34, and is disposed between the pressure side surface 46 and the suction side
surface 44 for at least a portion of the airfoil 34. In the embodiment illustrated in FIG. 3, the slot
48 is disposed between the suction side and pressure side surfaces 44, 46, extending from the
leading edge 38 to the trailing edge 40 of the airfoil 34. The slot 48 may, but is not required to,
track directly along the chord line extending between the leading edge 38 and trailing edge 40.
The slot 48 may also extend along a path that deviates from a chord; e.g., in the tip of an airfoil
34 having a narrow trailing edge region, the slot 48 may deviate from the chord line to break on
the pressure side surface of the airfoil 34 (e.g., see FIG. 5) to avoid potential structural issues that
would be associated with a slot break at a very narrow trailing edge.

[0037] In some embodiments (e.g., see FIGS. 4 and 5), the slot 48 extends only a portion
of the distance between the leading edge 38 and the trailing edge of the airfoil 34. For example,
each of the airfoil embodiments 34 shown in FIGS. 4 and 5 has a slot 48 that terminates prior to
reaching the leading edge 38. In those embodiments, the airfoil leading edge 38 is formed by an
insert 50 (referred to as “a leading edge insert”) attached to the airfoil 34. The leading edge
insert 50 can be configured to extend along a portion of the pressure side surface 46 of the airfoil
34; e.g., along a distance that permits the leading edge insert 50 and the tip insert 36 to
collectively extend along the entire chordwise length of the fan blade tip 42. Alternatively, the
leading edge insert 50 and the tip insert 36 can overlap with one another in a chordwise direction
(e.g., the overlap is shown as distance “d” in FIG. 5).

[0038] The slot 48 in the tip 42 of the fan blade 24 may have one of several cross-
sectional geometries; e.g., FIGS. 6-10 illustrate several slot 48 cross-sectional geometry
embodiments. The views shown in FIGS. 6-10 are all cut along a sectional line such as that
depicted for section 6-6 in FIG. 5; i.e., a cross-sectional line perpendicular to the chordwise axis

of the slot 48. The slot 48 shown in FIG. 6, for example has a rectangular cross-sectional. The
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slots 48 shown in FIGS. 7 and 8 each have a semi-circular (or at least partially semi-circular)
cross-sectional geometry. The slot cross-sectional geometry shown in FIG. 9 is substantially U-
shaped. The slot cross-sectional geometry shown in FIG. 10 is a geometry (e.g., a partial “dog-
bone”) wherein the tip insert 36 cannot be pulled radially from the slot 48. The various different
slot cross-sectional geometries may each be described as having at least one interior surface
(e.g., the rectangular cross-section slot 48 shown in FIG. 6 may be described as having three
distinct interior surfaces 52a, 52b, 52¢). The present invention blade 24 is not limited to any
particular slot geometry. Slot cross-sectional geometries that avoid unfavorable stress
concentration factors (K values) may be used.

[0039] The present fan blade 24 may be fabricated from a Variety of different materials,
including aluminum, composite materials, and combinations of different materials. Aluminum is
a favored material because it has a low mass-to-volume ratio, and acceptable mechanical
strength. The present invention can be implemented on fan blades 24 having a solid airfoil, and
others having an airfoil with one or more internal cavities (e.g., similar to the hollow fan blades
disclosed in U.S. Patent Application No. 12/713,944).

[0040] Referring to FIG. 11, the tip insert 36 has a length 54, thickness 55, and a width
56, and extends widthwise between a base end 58 and a rub end 60. The base end 58 has a
widthwise cross-sectional geometry that mates with the widthwise cross-sectional geometry of
the blade tip slot 48 (e.g., widthwise cross-sections are diagrammatically shown in FIGS. 6-10).
The tip insert 36 extends lengthwise between a forward end 62 and an aft end 64, and is shaped
lengthwise to mate with the chordwise geometry of the slot 48 (e.g., straight, curved, etc). When
the base end 58 of a tip insert 36 is inserted into a slot 48, the rub end 60 of the tip insert 36
extends radially outward from the airfoil 34; the rub end 60 of each tip insert 36 extends a radial
distance outward from its respective blade tip 42 so as to be in close proximity of the abradable
BOAS. In the embodiment shown in FIGS. 8 and 9, the tip insert 36 also includes a pair of
support flanges 66 extending laterally outward. The support flanges 66 are configured to contact
a top surface of the airfoil tip 42. The contact area provides additional support for the tip insert
36 and also additional surface between the tip insert 36 and the airfoil tip for attachment; e.g.,
bonding as will be explained below. The tip insert 36 may be integrally formed, or may include

a plurality of components inserted into the slot 48.
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[0041] The tip insert 36 is typically made of a material with greater durability than the
material of the fan blade 24. Titanium is an example of an acceptable material. In preferred
embodiments, the tip insert 36 is fabricated from a material that helps to reduce or eliminate
galvanic corrosion of the fan blade 24. For example, if the fan blade 24 is made of aluminum, a
tip insert 36 made of an anodized aluminum is acceptable because the anodized aluminum has
greater durability that the aluminum alloy of the blade 24, and helps to reduce galvanic corrosion
of the aluminum fan blade 24. A ceramic tip insert 36 would also avoid galvanic corrosion. The
present invention tip inserts 36 are not limited to use with any particular material.

[0042] Referring to FIGS. 6-10, as indicated above, the base end of the tip insert 36 has a
cross-sectional geometry that mates with the cross-sectional geometry of the blade tip slot 48. In
FIG. 6, the tip insert base end has a rectangular cross-sectional. The tip inserts 36 shown in
FIGS. 7 and 8 each have an arcuate base end cross-sectional geometry. Examples of arcuately
shaped cross-sectional geometries include, but are not limited to, semi-circular, or at least
partially semi-circular, geometries. The tip insert base end geometry shown in FIG. 9 is
substantially U-shaped; e.g., a “U-shaped” cross-sectional geometry is at least partially arcuately
shaped. The tip insert base end geometry shown in FIG. 10 is partially “dog-bone” shaped.
[0043] A tip insert 36 can be retained in a slot 48 by mechanical attachment (e.g., “dog-
bone” male tip insert base end coupled with a mating female slot configuration — see FIG. 10), or
by material attachment (e.g., weld, braze, etc.), or by bonding agent (e.g., EA 9394 epoxy paste
manufactured by Henkel AG & Co. KGaA of Disseldorf, Germany), or some combination
thereof. Alternatively, the blade tip 42 could be machined to have a male (or female) feature that
mates with a corresponding female (or male) geometry disposed within the tip insert 36.
Significant advantages of utilizing a slot 48 to receive the tip insert 36 include the mechanical
attachment created by the slot 48 and the additional contiguous area between the slot 48 and the
tip insert 36 that can be used for bonding area.

[0044] As aresult of the present invention airfoil tip insert 36, rotary blades for use in
gas turbine engines can be made sufficiently durable so as to prevent the blade tips from being
damaged if they engage an abradable seal material and, therefore, the present invention airfoil tip
insert 36 overcomes the problems previously discussed. In addition, it should be readily
appreciated that although the present invention airfoil tip insert 36 and associated slot 48 have

been described in the present Detailed Description of the Invention in the context of a fan blade
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24 embodiment, the present invention is not limited to a fan blade application and may be
applied to other gas turbine engine components; e.g., turbine blades, compressor blades, vanes,
etc.

[0045] While various embodiments of the present invention have been disclosed, it will
be apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible within the scope of the invention. Accordingly, the present

invention is not to be restricted except in light of the attached claims and their equivalents.
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What is claimed is:
1. A rotary blade, comprising:

a root,

an airfoil attached to the root, which airfoil has a suction side surface, a pressure side
surface, a leading edge, a trailing edge, a tip, and a slot disposed within the tip, which slot
extends in a chordwise direction between the leading edge and trailing edge; and

a tip insert having a base end and a rub end;

wherein the base end of the tip insert is disposed within the slot, and the rub end of the tip

insert extends radially outward from the airfoil tip.

2. The rotary blade of claim 1, wherein the slot is disposed in the tip between the pressure

side surface and the suction side surface of the airfoil.

3. The rotary blade of claim 2, wherein a portion of the slot extends to the pressure side

surface of the blade adjacent to the trailing edge portion of the blade.

4. The rotary blade of claim 1, wherein the slot extends all the way between the leading
edge and the trailing edge.

5. The rotary blade of claim 1, further comprising a leading edge insert disposed at the
leading edge of the blade.

6. The rotary blade of claim 5, wherein the leading edge insert extends chordwise along a
first portion of the tip, and the tip insert extends chordwise along a second portion of the tip, and
the sum of the first portion and the second portion is equal to or greater than a chordlength of the

airfoil tip.

7. The rotary blade of claim 1, wherein the airfoil comprises aluminum, and the tip insert

comprises anodized aluminum, titanium and/or ceramic.

8. The rotary blade of claim 1, wherein the slot is substantially rectangular-shaped.
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9. The rotary blade of claim 1, wherein at least a portion of the slot is arcuately shaped.

10. A rotary blade tip insert for a rotary blade having an airfoil that has a suction side surface,
a pressure side surface, a leading edge, a trailing edge, a tip, and a slot disposed within the tip,
which slot extends in a chordwise direction between the leading edge and trailing edge, the tip
insert comprising:

a width extending between a base end and a rub end, and a length extending between a
forward end and an aft end;

wherein the base end is configured to be received within the slot and the rub end is

configured to extend radially outward from the airfoil tip.

11.  The rotary blade tip insert of claim 10, wherein the length of the tip insert is substantially

equal to the chordwise distance between the leading edge and the trailing edge of the airfoil.

12.  The rotary blade tip insert of claim 10, wherein the tip insert comprises anodized

aluminum, titanium and/or ceramic.

13.  The rotary blade tip insert of claim 10, wherein the widthwise cross-section of the tip

insert is substantially rectangular-shaped.

14.  The rotary blade tip insert of claim 10, wherein at least a portion of the width-wise cross-

section of the tip insert is arcuately shaped.

10
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15. A rotary blade assembly within a gas turbine engine, the assembly comprising:

a plurality of rotary blades extending radially outwardly from a hub, each blade having an
airfoil that has a suction side surface, a pressure side surface, a leading edge, a trailing edge, a
tip, and a slot disposed within the tip, which slot extends in a chordwise direction between the
leading edge and trailing edge, and a tip insert having a base end and a rub end, wherein the base
end of the tip insert is disposed within the slot, and the rub end of the tip insert extends radially
outward from the airfoil tip; and

a containment case disposed radially outside of the rotary blades and circumferentially
surrounding the plurality of blades, wherein the containment case includes an abradable blade

outer air seal.

16. The rotary blade assembly of claim 15, wherein the plurality of rotary blades are fan
blades.

17. The rotary blade assembly of claim 15, wherein the airfoil comprises aluminum, and the

tip insert comprises anodized aluminum, titanium and/or ceramic.

18. The rotary blade assembly of claim 15, wherein the slot in each of the plurality of rotary
blades is at least partially arcuately shaped.

11
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