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VANE LEVER ARM FOR A VARIABLE AREA VANE ARRANGEMENT

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] This disclosure relates generally to rotational equipment and, more particularly, to
a vane lever arm for a variable area vane arrangement of, for example, a turbine engine.

2. Background Information

[0002] A typical turbine engine includes a plurality of engine sections such as, for
example, a fan section, a compressor section, a combustor section and a turbine section. The
turbine engine may also include a variable area vane arrangement. Such a vane arrangement
may be configured to guide and/or adjust the flow of gas into a respective one of the engine
sections. Alternatively, the vane arrangement inay be configured to guide and/or adjust the flow
of gas between adjacent stages of a respective one of the engine sections.

[0003] A typical variable area vane arrangement includes a plurality of adjustable stator
vanes that are rotatably connected to an inner vane platform and an outer vane platform. Each of
the stator vanes includes an airfoil that extends between the inner and the outer vane platforms.
Each of the stator vanes may be rotated about a respective axis using a vane lever arm. Various
types of vane lever arms are known in the art including vane lever arms constructed from sheet
metal. Some sheet metal vane lever arms, however, may fail when the stator vane is subject to a
surge force; e.g., a force caused by a foreign object such as a bird, or a blade out.

[0004] There is a need in the art for an improved vane lever arm.

SUMMARY OF THE DISCLOSURE

[0005] According to an aspect of the invention, a variable area vane arrangement is
provided that includes a stator vane including a shaft having an axis. The vane arrangement also
includes a vane lever arm that rotates the stator vane about the axis. The vane lever arm includes
a base, a first tab and a second tab. The base is arranged laterally between the first tab and the
second tab. The first tab laterally overlaps the base. The second tab includes an aperture and
laterally overlaps the base and the first tab. The shaft extends through the aperture and is

connected to the base.
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[0006] According to another aspect of the invention, another variable area vane
arrangement is provided that includes a stator vane including a shaft having an axis. The vane
arrangement also includes a vane lever arm that rotates the stator vane about the axis. The vane
lever arm includes a base, a first tab and a second tab. The base is arranged between the first tab
and the second tab. The first tab extends from the base to a first anti-rotation element. The
second tab includes an aperture and a second anti-rotation element that partially defines the
aperture. The shaft extends through the aperture, is connected to the base, and is arranged
between the first anti-rotation element and the second anti-rotation element.

[0007] According to still another aspect of the invention, a turbine engine is provided that
includes a plurality of engine sections arranged along a first axis, and a variable area vane
arrangement directing gas for one of the engine sections. The engine sections include a
compressor section, a combustor section and a turbine section. The vane arrangement includes a
stator vane including a shaft having a second axis. The vane arrangement also includes a vane
lever arm that rotates the stator vane about the second axis. The vane lever arm includes a base,
a first tab and a second tab. The base is arranged between the first tab and the second tab. The
first tab laterally overlaps the base. The second tab includes an aperture and laterally overlaps
the base and the first tab. The shaft extends through the aperture and is connected to the base.
[0008] The vane lever arm may include an arm portion that extends substantially

longitudinally from the base.

[0009] The first tab may be located adjacent the shaft.
[0010] The first tab may overlap the aperture.
[0011] The first tab may extend from the base to a first anti-rotation element. The second

tab may include a second anti-rotation element that partially defines the aperture. The shaft may
be arranged between, and may engage the first anti-rotation element and the second anti-rotation
element.

[0012] The second tab may include a third anti-rotation element that partially defines the
aperture. The third anti-rotation element may be separated from the shaft by a gap during a first
mode of operation, and may engage the shaft during a second mode of operation. The shaft may
be arranged between the second anti-rotation element and the third anti-rotation element.

[0013] The first anti-rotation element may be configured as a substantially planar surface

that contacts a substantially planar surface of the shaft.
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[0014] The second anti-rotation element may be configured as a substantially planar
surface that contacts a substantially planar surface of the shaft.

[0015] The first tab and/or the second tab may each include an intermediate portion and
an end portion. The intermediate portion may extend between the base and the end portion. The
end portion may overlap the base. The intermediate portion may be curved, and the end portion
may be substantially planar.

[0016] The base may include a second aperture. The shaft may extend through the
second aperture.

[0017] The vane arrangement may include a vane platform with a second aperture. The
stator vane may include a turbine engine airfoil. The shaft may extend from the airfoil, through
the second aperture, to the vane lever arm.

[0018] The first tab may overlap the base. The second tab may overlap the base and the
first tab. The first tab may also overlap the aperture.

[0019] The turbine engine may include a gear train that connects a rotor in a first of the
engine sections to a rotor in a second of the engine sections.

[0020] The foregoing features and the operation of the invention will become more

apparent in light of the following description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a side cutaway illustration of a geared turbine engine;

[0022] FIG. 2 is a partial, side sectional illustration of a compressor section with a
plurality of variable area vane arrangements;

[0023] FIG. 3 is a perspective illustration of a vane lever arm connected to an adjustable

stator vane for a variable area vane arrangement;

[0024] FIG. 4 is an illustration of a side of the vane lever arm of FIG. 3;

[0025] FIG. 5 is an illustration of another side of the vane lever arm of FIG. 3;

[0026] FIG. 6 is a sectional illustration of the vane lever arm of FIG. 4;

[0027] FIG. 7 is a partial, perspective illustration of the vane lever arm and the adjustable

stator vane of FIG. 3;
[0028] FIG. 8 is a partial, end cutaway illustration of the vane lever arm and the

adjustable stator vane of FIG. 3; and
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[0029] FIG. 9 is a sectional illustration of an alternate embodiment vane lever arm.

DETAILED DESCRIPTION OF THE INVENTION

[0030] FIG. 1 is a side cutaway illustration of a geared turbine engine 10 that extends
along an axis 12 between a forward airflow inlet 14 and an aft airflow exhaust 16. The engine 10
includes a fan section 18, a low pressure compressor (LPC) section 19, a high pressure
compressor (HPC) section 20, a combustor section 21, a high pressure turbine (HPT) section 22,
and a low pressure turbine (LPT) section 23. These engine sections 18-23 are arranged
sequentially along the axis 12 and housed within an engine case 24.

[0031] Each of the engine sections 18-20, 22 and 23 includes a respective rotor 26-30.
Each of the rotors 26-30 includes a plurality of rotor blades arranged circumferentially around
and connected (e.g., mechanically fastened, welded, brazed or otherwise adhered) to one or more
respective rotor disks. The fan rotor 26 is connected to a gear train 32. The gear train 32 and the
LPC rotor 27 are connected to and driven by the LPT rotor 30 through a low speed shaft 34. The
HPC rotor 28 is connected to and driven by the HPT rotor 29 through a high speed shaft 36. The
low and high speed shafts 34 and 36 are rotatably supported by a plurality of bearings 38. Each
of the bearings 38 is connected to the engine case 24 by at least one stator such as, for example,
an annular support strut.

[0032] Air enters the engine 10 through the airflow inlet 14, and is directed through the
fan section 18 and into an annular core gas path 40 and an annular bypass gas path 42. The air
within the core gas path 40 may be referred to as “core air”. The air within the bypass gas path
42 may be referred to as “bypass air” or “cooling air”. The core air is directed through the
engine sections 19-23 and exits the engine 10 through the airflow exhaust 16. Within the
combustion section 21, fuel is injected into and mixed with the core air and ignited to provide
forward engine thrust. The bypass air is directed through the bypass gas path 42 and out of the
engine 10 to provide additional forward engine thrust or reverse thrust via a thrust reverser. The
bypass air may also be utilized to cool various turbine engine components within one or more of
the engine sections 19-23.

[0033] Referring still to FIG. 1, the engine 10 also includes one or more variable area
vane arrangements; e€.g., vane arrangements 44a, 44b, etc. Each of the vane arrangements directs

gas for a respective one of the engine sections 18-20, 22 and 23. Referring to FIG. 2, for
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example, the vane arrangement 44a guides and/or adjusts the flow of the core air into the HPC
section 20. The vane arrangement 44b guides and/or adjusts the flow of the core air through the
HPC section 20; e.g., between adjacent HPC rotor stages.

[0034] Each of the vane arrangements (e.g., 44a and 44b) includes one or more
adjustable stator vanes 46 that are arranged circumferentially around the axis 12. Each of the
stator vanes 46 includes a turbine engine airfoil 48 and one or more coaxial vane shafts; e.g., a
vane inner shaft 50 and a vane outer shaft 52. The airfoil 48 of FIG. 2 extends through the core
gas path 40 between an annular inner vane platform 54 and an annular/ outer vane platform 56.
The airfoil 48 is arranged between the inner and the outer shafts 50 and 52, which extend along
an axis 58 (see FIG. 3). The inner shaft 50 extends from the airfoil 48 into the inner vane
platform 54, and is rotatably connected to the inner vane platform 54. The outer shaft 52 extends
from the airfoil 48, through an aperture 60 in the outer vane platform 56, to an outer vane end 62.
The outer shaft 52 is rotatably connected to the outer vane platform 56.

[0035] Referring to FIG. 3, each of the stator vanes 46 may be rotated about its
respective axis 58 by pivoting a respective vane lever arm 64 about the axis 58 with an actuator
(not shown). Now referring to FIGS. 4 to 6, the vane lever arm 64 includes an arm portion 66
and a mount portion 68. The arm portion 66 extends longitudinally (e.g., along a radial x axis)
from the mount portion 68 to a distal arm end 70. The arm portion 66 includes an aperture 72
arranged at (e.g., proximate, adjacent or on) the arm end 70. A pin (not shown) may extend
through the aperture 72 to connect the vane lever arm 64 to the actuator.

[0036] The mount portion 68 includes a mount base 74, a mount first tab 76 and a mount
second tab 78. The base 74 extends longitudinally from the arm portion 66 to a distal base end
80. The base 74 is arranged and extends laterally (e.g., along a radial y axis) between the first
tab 76 and the second tab 78. The base 74 includes an aperture 82, which may be laterally
aligned with the aperture 72.

[0037] The first tab 76 extends from the base 74 to a distal first tab end 84. The first tab
76, for example, includes an intermediate portion 86 and an end portion 88. The intermediate
portion 86 extends (e.g., along a z axis) from the base 74 to the end portion 88. The intermediate
portion 86 has an arcuate (e.g., semi-annular) cross-sectional geometry. The end portion 88
extends laterally from the intermediate portion 86 to the first tab end 84, and laterally overlaps

the base 74. The end portion 88 includes an anti-rotation element 90, and may have a
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substantially planar cross-sectional geometry. The anti-rotation element 90 is arranged at the
first tab end 84. In the embodiment of FIGS. 4 to 6, the anti-rotation element 90 is configured as
a substantially planar surface.

[0038] The second tab 78 extends from the base 74 to a distal second tab end 92. The
second tab 78, for example, includes an intermediate portion 94 and an end portion 96. The
intermediate portion 94 extends from the base 74 to the end portion 96. The intermediate portion
94 has an arcuate (e.g., semi-annular) cross-sectional geometry. The end portion 96 extends
laterally from the intermediate portion 94 to the second tab end 92, and laterally overlaps the
base 74 and the end portion 88. The end portion 96 includes an aperture 98 and one or more
anti-rotation elements 100 and 102, and may have a substantially planar cross-sectional
geometry. The aperture 98 may have an elongated cross-sectional geometry; e.g., the aperture 98
has a lateral width and a longitudinal length that is greater than the width. The aperture 98 may
be coaxial with the aperture 82, and may be laterally overlapped by the end portion 88. The anti-
rotation elements 100 and 102 partially define opposing sides of the aperture 98, where the anti-
rotation element 100 laterally faces the anti-rotation element 90. In the embodiment of FIGS. 4
to 6, the anti-rotation elements 100 and 102 are configured as substantially planar surfaces.
[0039] Referring to FIGS. 7 and 8, the mount portion 68 is connected to the outer shaft
52 at the outer vane end 62. A threaded end portion 104 of the outer shaft 52 extends through
the aperture 82. Both this end portion 104 and the aperture 82 may have (e.g., D-shaped) cross-
sectional geometries to ensure the vane lever arm 64 is properly orientated relative to the stator
vane 46. An intermediate portion 106 of the outer shaft 52 extends through the aperture 98. This
intermediate portion 106 is located laterally between the anti-rotation element 90 and the anti-
rotation element 100 as well as laterally between the anti-rotation element 100 and the anti-
rotation element 102. Anti-rotation elements 108 and 110 (e.g., substantially planar surfaces) of
the intermediate portion 106 respectively engage (e.g., contact) the anti-rotation elements 90 and
100. A nut 112 and lock washer 114 are mated with the end portion 104, which connects the
base 74 to the outer shaft 52 against a shoulder 116. The end portion 96 is arranged adjacent to
and may engage a shoulder 118.

[0040] Referring to FIG. 8, the vane lever arm 64 is adapted to operate in a plurality of
different modes of operation including a first mode of operation and a second mode of operation.

The vane lever arm 64 may operate in the first mode of operation, for example, during nominal
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flight conditions. The vane lever arm 64 may operate in the second mode of operation, for
example, during non-nominal flight conditions; e.g., where the stator vane 46 is subject to a
surge force caused by a foreign object such as a bird, or a blade out. During the first mode of
operation, the engagement between anti-rotation elements 90 and 108 and/or the engagement
between the anti-rotation elements 100 and 110 may prevent the vane lever arm 64 from rotating
relating to the outer shaft 52. The anti-rotation elements 102 and 108 may be laterally separated
by a gap. In contrast, during the second mode of operation, an additional force applied to the
stator vane 46 (e.g., a surge force) may cause the outer shaft 52 to slightly rotate relative to the
vane lever arm 64 and (e.g., elastically) splay the first and the second tabs 76 and 78 apart. As
the first and the second tabs 76 and 78 splay apart, however, the anti-rotation element 102 may
engage the anti-rotation element 108, which may prevent further splaying of the tabs 76 and 78.
This engagement between the anti-rotation elements 102 and 108 and/or the engagement
between the anti-rotation elements 90 and 108 may prevent additional rotation between the vane
lever arm 64 and the outer shaft 52.

[0041] The mount portion 68 may have various configurations other than that described
above and illustrated in the drawings. The first tab 76, for example, may overlap the second tab
78 such that the end portion 96 is arranged axially between the base 74 and the end portion 88.
The anti-rotation elements 90 and 102 may be laterally aligned. The intermediate portions 86
and 94 may have non-curved geometries; e.g., the intermediate portions may be perpendicular to
the base and/or the respective end portions. The present invention, therefore, is not limited to
any particular vane mount configurations.

[0042] In some embodiments, for example as illustrated in FIGS. 4 to 6, the vane lever
arm 64 may have a unitary body. The vane lever arm 64, for example, may be formed from a
sheet of metal such that the mount portion 68 and the arm portion 66 are integral with one
another. In one such embodiment, for example as illustrated in FIG. 9, the end portion 88 may
include a notch 120 that provides room for forming the second tab 78. The present invention,
however, is not limited to any particular vane lever arm configurations, materials and/or
manufacturing processes.

[0043] The terms “forward”, “aft”, “inner” and “outer” are used to orientate the
components of the variable area vane arrangement described above relative to the turbine engine

and its axis. A person of skill in the art will recognize, however, one or more of these
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components may be utilized in other orientations than those described above. The present
invention therefore is not limited to any particular variable area vane arrangement spatial
orientations.

[0044] A person of skill in the art will recognize the variable area vane arrangement may
be included in various turbine engines other than the turbine engine described above and
illustrated in the drawings. A person of skill in the art will also recognize the variable area vane
arrangement may be included in various types of rotational equipment other than a turbine
engine. The present invention therefore is not limited to any particular types or configurations of
rotational equipment.

[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. For example, the present
invention as described herein includes several aspects and embodiments that include particular
features. Although these features may be described individually, it is within the scope of the
present invention that some or all of these features may be combined within any one of the
aspects and remain 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 variable area vane arrangement, comprising:
a stator vane including a shaft having an axis; and
a vane lever arm that rotates the stator vane about the axis, and includes a base, a first tab
and a second tab, wherein
the base is arranged laterally between the first tab and the second tab;
the first tab laterally overlaps the base; and
the second tab includes an aperture and laterally overlaps the base and the first
tab;

wherein the shaft extends through the aperture and is connected to the base.

2. The vane arrangement of claim 1, wherein the vane lever arm further includes an arm

portion that extends longitudinally from the base.

3. The vane arrangement of claim 1, wherein the first tab is located adjacent the shaft.
4. The vane arrangement of claim 1, wherein the first tab overlaps the aperture.
5. The vane arrangement of claim 1, wherein

the first tab extends from the base to a first anti-rotation element;

the second tab includes a second anti-rotation element that partially defines the aperture;
and

the shaft is arranged between and engages the first anti-rotation element and the second

anti-rotation element.

6. The vane arrangement of claim 5, wherein
" the second tab includes a third anti-rotation element that partially defines the aperture;
the third anti-rotation element is separated from the shaft by a gap during a first mode of

operation, and engages the shaft during a second mode of operation; and



WO 2014/113010 PCT/US2013/021941

the shaft is arranged between the second anti-rotation element and the third anti-rotation

element.

7. The vane arrangement of claim 5, wherein the first anti-rotation element is configured as

a substantially planar surface that contacts a substantially planar surface of the shaft.

8. The vane arrangement of claim 5, wherein the second anti-rotation element is configured

as a substantially planar surface that contacts a substantially planar surface of the shaft.

9. The vane arrangement of claim 1, wherein

at least one of the first tab and the second tab each include an intermediate portion and an
end portion;

the intermediate portion extends between the base and the end portion; and

the end portion overlaps the base.

10. The vane arrangement of claim 9, wherein the intermediate portion is curved, and the end

portion is substantially planar.

11. The vane arrangement of claim 1, wherein the base includes a second aperture, and the

shaft extends through the second aperture.

12. The vane arrangement of claim 1, further comprising a vane platform including a second
aperture, wherein the stator vane further includes a turbine engine airfoil, and wherein the shaft

extends from the airfoil, through the second aperture, to the vane lever arm.

13. A variable area vane arrangement, comprising:
a stator vane including a shaft having an axis; and
a vane lever arm that rotates the stator vane about the axis, and includes a base, a first tab
and a second tab, wherein
the base is arranged between the first tab and the second tab;

the first tab extends from the base to a first anti-rotation element; and

10
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the second tab includes an aperture and a second anti-rotation element that
partially defines the aperture;
wherein the shaft extends through the aperture, is connected to the base, and is arranged

between the first anti-rotation element and the second anti-rotation element.

14.  The vane arrangement of claim 13, wherein
the second tab includes a third anti-rotation element that partially defines the aperture;
the third anti-rotation element is separated from the shaft by a gap during a first mode of
operation, and engages the shaft during a second mode of operation; and
the shaft is arranged between the second anti-rotation element and the third anti-rotation

element.

15.  The vane arrangement of claim 13, wherein the first tab overlaps the base, and the second

tab overlaps the base and the first tab.

16.  The vane arrangement of claim 15, wherein the first tab overlaps the aperture.

17.  The vane arrangement of claim 13, wherein

at least one of the first tab and the second tab each include an intermediate portion and an
end portion;

the intermediate portion extends between the base and the end portion; and

the end portion overlaps the base.

18.  The vane arrangement of claim 13, further comprising a vane platform including a second
aperture, wherein the stator vane further includes a turbine engine airfoil, and wherein the shaft

extends from the airfoil, through the second aperture, to the vane lever arm.
19. A turbine engine, comprising:

a plurality of engine sections arranged along a first axis, and including a compressor

section, a combustor section and a turbine section; and

11
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a variable area vane arrangement directing gas for one of the engine sections, and
including
a stator vane including a shaft having a second axis; and
a vane lever arm that rotates the stator vane about the second axis, and includes a
base, a first tab and a second tab, wherein the base is arranged between the first tab and
the second tab, the first tab laterally overlaps the base, and the second tab includes an
aperture and laterally overlaps the base and the first tab;

wherein the shaft extends through the aperture and is connected to the base.

20. The engine of claim 19, further comprising a gear train that connects a rotor in a first of

the engine sections to a rotor in a second of the engine sections.

12
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