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(57) A variable stator vane (200) includes a shaft
(202) defining a longitudinal axis (204) of the variable
stator vane (200), the shaft (202) having a first metallic
end (202A) and a second metallic end (202B) coupled
to a shaft portion (202C), the shaft portion (202C) being
made essentially of a first composite material to reduce
weight of the variable stator vane (200). The variable
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stator vane (200) further includes an airfoil portion
(206) coupled to the shaft portion (202C), the airfoil
portion (206) being made essentially of a second com-
posite material. The shaft (202) and the airfoil portion
(206) are rotatable around the longitudinal axis (204) of
the variable stator vane (200).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to
composite variable stator vanes in turbine engines.

BACKGROUND

[0002] Gas turbine engines generally include a fan
and a turbo-engine arranged in flow communication
with one another, with the turbo-engine disposed down-
stream of the fan in a direction of flow through the gas
turbine engine. The turbo-engine generally includes, in
serial flow order, a compressor section, a combustion
section, a turbine section, and an exhaust section. With
multi-shaft gas turbine engines, the compressor section
can include a high pressure (HP) compressor disposed
downstream of a low pressure (LP) compressor, and
the turbine section can similarly include a low pressure
(LP) turbine disposed downstream of a high pressure
(HP) turbine. The combustion section includes a com-
bustor that generates combustion gases discharged
into the turbine section. With such a configuration, the
HP compressor is coupled with the HP turbine via a
high pressure (HP) shaft, and the LP compressor is
coupled with the LP turbine via a low pressure (LP)
shaft. The LP compressor, the HP compressor, the LP
turbine, and the HP turbine may, for example include
variable stator vanes (VSVs).

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Features and advantages will be apparent
from the following, more particular, description of var-
ious embodiments, as illustrated in the accompanying
drawings, wherein like reference numbers generally in-
dicate identical, functionally similar, or structurally simi-
lar elements, or both.

FIG. 1 is a schematic, cross-sectional view of a
turbine engine, taken along a longitudinal center-
line axis of the turbine engine, according to an em-
bodiment of the present disclosure.

FIG. 2 is a schematic, perspective view of a vari-
able stator vane (VSV) having a shaft, according to
an embodiment of the present disclosure.

FIG. 3A is a schematic, cross-sectional view of a
shaft portion of the shaft of the VSV, according to
an embodiment of the present disclosure.

FIG. 3B is a schematic, cross-sectional view of the
shaft portion of the shaft taken at line 3B-3B,
shown in FIG. 3A, according to an embodiment of
the present disclosure.
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FIG. 4A is a schematic, elevational view of a first
metallic end of the shaft, as shown in FIG. 2, ac-
cording to an embodiment of the present disclo-
sure.

FIG. 4B is a schematic, elevational view of a sec-
ond metallic end of the shaft, as shown in FIG. 2,
according to an embodiment of the present disclo-
sure.

FIG. 4C is a schematic, cross-sectional view of the
first metallic end taken at line 4C-4C shown in FIG.
4A, according to an embodiment of the present
disclosure.

FIG. 4D is a schematic, cross-sectional view of the
second metallic end taken at line 4D-4D shown in
FIG. 4A, according to an embodiment of the pre-
sent disclosure.

FIG. 5 is a schematic, cross-sectional view of the
VSV taken at line 5-5 shown in FIG. 2, according to
an embodiment of the present disclosure.

FIG. 6 is a schematic, cross-sectional view of the
VSV taken along line 6-6 shown in FIG. 2, accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0004] Features, advantages, and embodiments of
the present disclosure are set forth or apparent from a
consideration of the following detailed description,
drawings, and claims. Moreover, both the foregoing
summary of the present disclosure and the following
detailed description are exemplary and intended to pro-
vide further explanation without limiting the scope of the
disclosure as claimed.

[0005] Various embodiments of the present disclo-
sure are discussed in detail below. While specific em-
bodiments are discussed, this is done for illustration
purposes only. A person skilled in the relevant art will
recognize that other components and configurations
may be used without departing from the present disclo-
sure.

[0006] As used herein, the terms "first" and "second"
may be used interchangeably to distinguish one com-
ponent from another and are not intended to signify
location or importance of the individual components.
[0007] The terms "upstream" and "downstream" refer
to the relative direction with respect to fluid flow in a
fluid pathway. For example, "upstream” refers to the
direction from which the fluid flows, and "downstream"
refers to the direction to which the fluid flows.

[0008] The terms "low" and "high," or their respective
comparative degrees (e.g., "lower" and "higher," where
applicable), when used with the compressor, turbine,
shaft, or spool components, each refers to relative
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pressures or relative speeds, or both within an engine
unless otherwise specified. For example, a "low-speed"
component defines a component configured to operate
at a rotational speed, such as a maximum allowable
rotational speed, which is lower than that of a "high-
speed" component of the engine. Alternatively, unless
otherwise specified, the aforementioned terms may be
understood in their superlative degree. For example, a
"low-pressure turbine" may refer to the lowest maxi-
mum pressure within a turbine section, and a "high-
pressure turbine" may refer to the highest maximum
pressure within the turbine section. The terms "low" or
"high" in such aforementioned terms may additionally,
or alternatively, be understood as relative to minimum
allowable speeds or pressures, or minimum or maxi-
mum allowable speeds or pressures relative to normal,
desired, steady state, etc., operation of the engine, or
any combination thereof.

[0009] The terms "coupled," "fixed," "attached," "con-
nected," and the like, refer to both direct coupling, fix-
ing, attaching, or connecting, as well as indirect cou-
pling, fixing, attaching, or connecting through one or
more intermediate components or features, unless
otherwise specified herein.

[0010] The singular forms "a," "an," and "the" include
plural references unless the context clearly dictates
otherwise.

[0011] As used herein, the term "axial" refers to direc-
tions and orientations that extend substantially parallel
to a longitudinal centerline axis of the turbine engine.
Moreover, the terms "radial" and "radially" refer to di-
rections and orientations that extend substantially per-
pendicular to the longitudinal centerline axis of the tur-
bine engine. In addition, as used herein, the term "cir-
cumferentially” refers to directions and orientations that
extend arcuately about the longitudinal centerline axis
of the turbine engine.

[0012] An embodiment of the present disclosure pro-
vides variable pitch composite vanes, also referred to
variable stator vanes (VSVs), in a turbine engine. With
the increased use of variable stator vanes (e.g., VSVs),
weight opportunities exist for composite use. VSVs are
typically supported at the inner diameter (ID) and the
outer diameter (OD) of the vanes. A VSV is configured
to rotate around a longitudinal axis of the VSV to direct
airflow. To maximize weight savings, the VSV should
be made with as much composite material as possible.
The VSV is generally provided with a shaft (also re-
ferred to as a trunnion, a spar, or a spindle) defining
the longitudinal axis of the VSV and an airfoil portion
connected to the shaft. In addition to using a composite
material for the airfoil portion of the VSV, the shaft is
also made of a composite material to further reduce the
weight. For example, the shaft can be a perfect candi-
date for using a braided composite architecture where
longitudinal fibers add stiffness and off-angle fibers add
torsional rigidity. The airfoil portion of the VSV is then
formed by wrapping a composite material around the
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composite shaft. Metal components may be incorpo-
rated at the ends of the shaft to add rigidity and to
provide wear resistance.

[0013] In an embodiment, the metal components pro-
vided at the ends of the shaft do not exceed twenty-five
percent (25%) of a total span of the VSV. In an embodi-
ment, the metal components provided at the ends of
the shaft are between ten percent (10%) and twenty-
five percent (25%).

[0014] In an embodiment, the shaft may be made of
a different composite material than the composite ma-
terial of the airfoil portion of the VSV.

[0015] In an embodiment, the shaft may have a dif-
ferent composite architecture than the architecture of
the airfoil portion of the VSV. For example, the shaft
may be a laminate while the airfoil portion may be
braided.

[0016] In an embodiment, the airfoil portion is a com-
posite overwrap of the composite shaft.

[0017] In an embodiment, the airfoil portion may in-
clude a non-composite material, such as foam. For ex-
ample, the non-composite material (e.g., foam) can be
provided within the airfoil portion near the shaft.

[0018] In an embodiment, ends of the shaft may in-
clude metallic bushings for wear capability.

[0019] The term "composite," as used herein, is indi-
cative of a component material having two or more con-
stituent materials. A composite can be a combination of
at least two or more metallic, non-metallic, or a combi-
nation of metallic and non-metallic elements or materi-
als. Examples of a composite material can be, but not
limited to, a polymer matrix composite (PMC), a cera-
mic matrix composite (CMC), a metal matrix composite
(MMC), carbon fibers, a polymeric resin, a thermoplas-
tic resin, bismaleimide (BMI) materials, polyimide mate-
rials, an epoxy resin, glass fibers, and silicon matrix
materials. The composite may be formed of a matrix
material and a reinforcing element, such as a fiber (re-
ferred to herein as a reinforcing fiber).

[0020] As used herein, "reinforcing fibers" may in-
clude, for example, glass fibers, carbon fibers, steel
fibers, or para-aramid fibers, such as Kevlar® available
from DuPont of Wilmington, Delaware. The reinforcing
fibers may be in the form of fiber tows that include a
plurality of fibers that are formed into a bundle. The
polymeric matrix material may include, for example,
thermoset resin, bismaleimide (BMI) materials, polyi-
mide materials, or thermoplastic resin.

[0021] "Preform" as used herein is a piece of three-
dimensional composite woven fabric formed by a plur-
ality of reinforcing fibers including warp fiber tows and
weft fiber tows.

[0022] As used herein, a "composite component" re-
fers to a structure or a component including any suita-
ble composite material. Composite components, such
as a composite airfoil (e.g., a composite fan blade or a
composite variable stator vane or VSV), can include
several layers or plies of composite material (compo-
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site plies). The layers or plies can vary in stiffness,
material, and dimension to achieve the desired compo-
site component or composite portion of a component
having a predetermined weight, size, stiffness, and
strength.

[0023] One or more layers of adhesive can be used
in forming or coupling composite components. Adhe-
sives can include resin and phenolics, wherein the ad-
hesive can require curing at elevated temperatures or
other hardening techniques.

[0024] As may be used herein, PMC refers to a class
of materials. The PMC material may be a prepreg. A
prepreg is a reinforcement material (e.g., a reinforcing
fiber) preimpregnated with a polymer matrix material,
such as thermoplastic resin. Non-limiting examples of
processes for producing thermoplastic prepregs in-
clude hot melt pre-pregging in which the fiber reinforce-
ment material is drawn through a molten bath of resin
and powder pre-pregging in which a resin is deposited
onto the fiber reinforcement material, by way of a non-
limiting example, electrostatically, and then adhered to
the fiber, by way of a non-limiting example, in an oven
or with the assistance of heated rollers.

[0025] Resins for matrix materials of PMCs can be
generally classified as thermoset resin polymers or
thermoplastic resin polymers. Thermoplastic resin poly-
mers are generally categorized as polymers that can be
repeatedly softened and caused to flow when heated,
and hardened, when sufficiently cooled due to physical
rather than chemical changes. Notable example
classes of thermoplastic resin polymers include nylons,
thermoplastic polyesters, polyaryletherketones, and
polycarbonate resins. A specific example of high-per-
formance thermoplastic resins that have been contem-
plated for use in aerospace applications include poly-
etheretherketone  (PEEK), polyetherketoneketone
(PEKK), polyetherimide (PEIl), polyaryletherketone
(PAEK), and polyphenylene sulfide (PPS). In contrast,
once fully cured into a hard rigid solid, thermoset resins
do not undergo significant softening when heated, but
instead, thermally decompose when sufficiently heated.
Notable examples of thermoset resin polymers include
epoxy, bismaleimide (BMI), and polyimide resins.
[0026] Instead of using a prepreg with thermoplastic
polymers, another non-limiting example utilizes a wo-
ven fabric. A woven fabric can include, but is not limited
to, dry carbon fibers woven together with thermoplastic
polymer fibers or filaments. Non-prepreg braided archi-
tectures can be made in a similar fashion. With this
approach, it is possible to tailor the fiber volume of the
part by dictating the relative concentrations of the ther-
moplastic fibers and reinforcement fibers that have
been woven or braided together. Additionally, different
types of reinforcement fibers can be braided or woven
together in various concentrations to tailor the proper-
ties of the part. For example, glass fibers, carbon fi-
bers, and thermoplastic fibers could all be woven to-
gether in various concentrations to tailor the properties
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of the part. Although the carbon fibers provide the
strength of the system, the glass fibers can be incorpo-
rated to enhance the impact properties, which is a de-
sign characteristic for parts located near the inlet of the
engine, and the thermoplastic fibers provide the binding
for the reinforcement fibers.

[0027] In yet another non-limiting example, resin
transfer molding (RTM) can be used to form at least a
portion of a composite component. Generally, RTM in-
cludes the application of dry fibers to a mold or a cavity.
The dry fibers can include prepreg, braided material,
woven material, or any combination thereof. Resin can
be pumped into or otherwise provided to the mold or
the cavity to impregnate the dry fibers. The combination
of the impregnated fibers and the resin is then cured
and removed from the mold. When removed from the
mold, the composite component can require post-cur-
ing processing. RTM may be a vacuum assisted pro-
cess. That is, the air from the cavity or the mold can be
removed and replaced by the resin prior to heating or
curing. The placement of the dry fibers can be manual
or automated. The dry fibers can be contoured to
shape the composite component or to direct the resin.
Optionally, additional layers or reinforcing layers of a
material differing from the dry fiber can also be included
or added prior to heating or curing.

[0028] As used herein, CMC refers to a class of ma-
terials with reinforcing fibers in a ceramic matrix. Gen-
erally, the reinforcing fibers provide structural integrity
to the ceramic matrix. Some examples of reinforcing
fibers can include, but are not limited to, non-oxide sili-
con-based materials (e.g., silicon carbide, silicon ni-
tride, or mixtures thereof), non-oxide carbon-based ma-
terials (e.g., carbon), oxide ceramics (e.g., silicon oxy-
carbides, silicon oxynitrides, aluminum oxide (Al,Os),
silicon dioxide (SiO,), aluminosilicates such as mullite,
or mixtures thereof), or mixtures thereof.

[0029] Some examples of ceramic matrix materials
can include, but are not limited to, non-oxide silicon-
based materials (e.g., silicon carbide, silicon nitride, or
mixtures thereof), oxide ceramics (e.g., silicon oxycar-
bides, silicon oxynitrides, aluminum oxide (Al,O,), sili-
con dioxide (SiO,), aluminosilicates, or mixtures there-
of), or mixtures thereof. Optionally, ceramic particles
(e.g., oxides of Si, Al, Zr, Y, and combinations thereof)
and inorganic fillers (e.g., pyrophyllite, wollastonite,
mica, talc, kyanite, and montmorillonite) can also be
included within the ceramic matrix.

[0030] Generally, particular CMCs can be referred to
as their combination of type of fiber/type of matrix. For
example, C/SiC for carbon-fiber-reinforced silicon car-
bide, SiC/SiC for silicon carbide-fiber-reinforced silicon
carbide, SiC/SiN for silicon carbide fiber-reinforced sili-
con nitride, SiC/SiC-SiN for silicon carbide fiber-rein-
forced silicon carbide/silicon nitride matrix mixture, etc.
In other examples, the CMCs can be comprised of a
matrix and reinforcing fibers comprising oxide-based
materials such as aluminum oxide (Al,O3), silicon diox-



7 EP 4 826 216 A1 8

ide (SiO,), aluminosilicates, and mixtures thereof. Alu-
minosilicates can include crystalline materials such as
mullite (3Al,03°2Si0,), as well as glassy aluminosili-
cates.

[0031] In certain non-limiting examples, the reinfor-
cing fibers may be bundled (e.g., form fiber tows) an-
d/or coated prior to inclusion within the matrix. The
bundles of fibers may be impregnated with a slurry
composition prior to forming the preform or after forma-
tion of the preform. The preform may then undergo
thermal processing, and subsequent chemical proces-
sing to arrive at a component formed of a CMC material
having a desired chemical composition. For example,
the preform may undergo a cure or a burn-out to yield a
high char residue in the preform, and subsequent melt-
infiltration with silicon, or a cure or a pyrolysis to yield a
silicon carbide matrix in the preform, and subsequent
chemical vapor infiltration with silicon carbide. Addi-
tional steps may be taken to improve densification of
the preform, either before or after chemical vapor infil-
tration, by injecting the preform with a liquid resin or a
polymer followed by a thermal processing step to fill the
voids with the silicon carbide. A CMC material as used
herein may be formed using any known or hereafter
developed methods including, but not limited to, melt
infiltration, chemical vapor infiltration, polymer impreg-
nation pyrolysis (PIP), or any combination thereof.
[0032] The term "metallic" as used herein is indica-
tive of a material that includes metal such as, but not
limited to, titanium, iron, aluminum, stainless steel, and
nickel alloys. A metallic material or an alloy can be a
combination of at least two or more elements or materi-
als, where at least one is a metal.

[0033] Referring now to the drawings, FIG. 1 is a
schematic, cross-sectional view of a turbine engine 10,
taken along a longitudinal centerline axis 12 of the tur-
bine engine 10, according to an embodiment of the
present disclosure. As shown in FIG. 1, the turbine en-
gine 10 defines an axial direction A (extending parallel
to the longitudinal centerline axis 12 provided for refer-
ence) and a radial direction R that is normal to the axial
direction A. In general, the turbine engine 10 includes a
fan section 14 and a turbo-engine 16 disposed down-
stream from the fan section 14.

[0034] The turbo-engine 16 depicted in FIG. 1 gener-
ally includes an outer casing 18 that is substantially
tubular and defines an annular inlet 20. As schemati-
cally shown in FIG. 1, the outer casing 18 encases, in
serial flow relationship, a compressor section 21 includ-
ing a booster or a low-pressure (LP) compressor 22
followed downstream by a high-pressure (HP) com-
pressor 24, a combustion section 26, a turbine section
27 including a high-pressure (HP) turbine 28 followed
downstream by a low-pressure (LP) turbine 30, and a
jet exhaust nozzle section 32. A high-pressure (HP)
shaft 34 or a spool drivingly connects the HP turbine
28 to the HP compressor 24, to rotate the HP turbine
28 and the HP compressor 24 in unison. A low-pres-

10

15

20

25

30

35

40

45

50

55

sure (LP) shaft 36 or a spool drivingly connects the LP
turbine 30 to the LP compressor 22, to rotate the LP
turbine 30 and the LP compressor 22 in unison. The
compressor section 21, the combustion section 26, the
turbine section 27, and the jet exhaust nozzle section
32 together define a core air flowpath.

[0035] For the embodiment depicted in FIG. 1, the
fan section 14 includes a fan 38 (e.g., a variable pitch
fan) having a plurality of fan blades 40 (airfoils) coupled
to a disk 42 in a spaced apart manner. As depicted in
FIG. 1, the fan blades 40 extend outwardly from the
disk 42 generally along the radial direction R. Each fan
blade 40 is rotatable relative to the disk 42 about a
pitch axis P by virtue of the fan blades 40 being opera-
tively coupled to an actuation member 44 configured to
collectively vary the pitch of the fan blades 40 in unison.
The fan blades 40, the disk 42, and the actuation mem-
ber 44 are together rotatable about the longitudinal
centerline axis 12 via a fan shaft 45 that is powered by
the LP shaft 36 across a power gearbox, also referred
to as a gearbox assembly 46. The gearbox assembly
46 is shown schematically in FIG. 1. The gearbox as-
sembly 46 includes a plurality of gears for adjusting the
rotational speed of the fan shaft 45 and, thus, the fan
38 relative to the LP shaft 36.

[0036] Referring still to the embodiment of FIG. 1, the
disk 42 is covered by a rotatable fan hub 48 aerodyna-
mically contoured to promote an airflow through the
plurality of fan blades 40. In addition, the fan section
14 includes an annular fan casing or a nacelle 50 that
circumferentially surrounds the fan 38 or at least a por-
tion of the turbo-engine 16, or both. The nacelle 50 is
supported relative to the turbo-engine 16 by a plurality
of circumferentially spaced outlet guide vanes 52 (e.g.,
VSVs). Moreover, a downstream section 54 of the na-
celle 50 extends over an outer portion of the turbo-en-
gine 16 to define a bypass airflow passage 56 there-
between.

[0037] During operation of the turbine engine 10, a
volume of air 58 enters the turbine engine 10 through
an inlet 60 of the nacelle 50 or the fan section 14, or
both. As the volume of air 58 passes across the fan
blades 40 (rotating airfoils), a first portion of air 62 is
directed or routed into the bypass airflow passage 56,
and a second portion of air 64 is directed or is routed
into the upstream section of the core air flowpath, or,
more specifically, into the annular inlet 20 of the LP
compressor 22. The ratio between the first portion of
air 62 and the second portion of air 64 is commonly
known as a bypass ratio. The pressure of the second
portion of air 64 is then increased, forming compressed
air 65, and the compressed air 65 is routed through the
HP compressor 24 and into the combustion section 26,
where the compressed air 65 is mixed with fuel and
burned to generate combustion gases 66. The fuel can
be a hydrogen fuel. The fuel can be transported from a
fuel reservoir 100 using a fuel pipe 102 to the combus-
tion section 26.
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[0038] The combustion gases 66 are routed into the
HP turbine 28 and expanded through the HP turbine 28
where a portion of thermal energy or kinetic energy, or
both, from the combustion gases 66 is extracted via
sequential stages of HP turbine stator vanes 68 (e.g.,
VSVs) that are coupled to the outer casing 18 and HP
turbine rotor blades 70 (rotating airfoils) that are
coupled to the HP shaft 34, thus, causing the HP shaft
34 to rotate, thereby supporting operation of the HP
compressor 24. The combustion gases 66 are then
routed into the LP turbine 30 and expanded through
the LP turbine 30. Here, a second portion of the thermal
energy and the kinetic energy is extracted from the
combustion gases 66 via sequential stages of LP tur-
bine stator vanes 72 (e.g., VSVs) that are coupled to
the outer casing 18 and LP turbine rotor blades 74
(rotating airfoils) that are coupled to the LP shaft 36,
thus, causing the LP shaft 36 to rotate, thereby sup-
porting operation of the LP compressor 22 and rotation
of the fan 38 via the gearbox assembly 46. The term
"stator" in "stator vanes" is used herein to mean that
the vanes are not rotatable around the longitudinal cen-
terline axis 12 of the turbine engine 10. However, the
"stator vanes" can be variable stator vanes (VSVs) in
the sense that each vane may be rotatable around the
longitudinal axis of the vane to direct airflow.

[0039] The combustion gases 66 are subsequently
routed through the jet exhaust nozzle section 32 of the
turbo-engine 16 to provide propulsive thrust. Simulta-
neously, the pressure of the first portion of air 62 is
substantially increased as the first portion of air 62 is
routed through the bypass airflow passage 56 before
being exhausted from a fan nozzle exhaust section 76
of the turbine engine 10, also providing propulsive
thrust. The HP turbine 28, the LP turbine 30, and the
jet exhaust nozzle section 32 at least partially define a
hot gas path 78 for routing the combustion gases 66
through the turbo-engine 16.

[0040] The turbine engine 10 depicted in FIG. 1 is by
way of example only. In other embodiments, the turbine
engine 10 may have any other suitable configuration.
For example, in other embodiments, the fan 38 may be
configured in any other suitable manner (e.g., as a
fixed pitch fan) and further may be supported using
any other suitable fan frame configuration. Moreover,
in other embodiments, any other suitable number or
configuration of compressors, turbines, shafts, or a
combination thereof may be provided. In still other em-
bodiments, aspects of the present disclosure may be
incorporated into any other suitable turbine engine,
such as, for example, turbofan engines, propfan en-
gines, turbojet engines, turboprop, or turboshaft en-
gines.

[0041] The turbine engine 10 discussed herein is sui-
table for use on aircraft. Suitable aircraft include, for
example, airplanes and unmanned aerial vehicles
(UAV). In other embodiments, the turbine engine can
be any other turbine engine, such as an industrial tur-
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bine engine incorporated into a power generation sys-
tem, or a nautical turbine engine on a ship or other
vessel.

[0042] FIG. 2 is a schematic, perspective view of a
variable stator vane (VSV) 200, according to an embo-
diment of the present disclosure. The VSV 200 includes
a shaft 202 (also referred to as a trunnion, a spar, or a
spindle) defining the longitudinal axis 204 of the VSV
200. The VSV 200 also includes an airfoil portion 206
coupled to a shaft portion 202C. The airfoil portion 206
and the shaft 202 are rotatable around the longitudinal
axis 204 of the VSV 200 to direct airflow.

[0043] In an embodiment, the VSV 200 is supported
at an inner diameter (ID) 208 and an outer diameter
(OD) 210 of the VSV 200. The VSV 200 is configured
to rotate around the longitudinal axis 204 of the VSV
200 to direct airflow.

[0044] In an embodiment, the shaft 202 includes a
first metallic end 202A and a second metallic end
202B, and a shaft portion 202C between the first metal-
lic end 202A and the second metallic end 202B. The
shaft portion 202C is essentially made of a first compo-
site material. The term "essentially made of a first com-
posite material" is used herein to mean that the shaft
portion 202C is made eighty percent (80%) to one hun-
dred percent (100%) of a first composite material. The
shaft portion 202C is coupled to the first metallic end
202A and the second metallic end 202B. In an embodi-
ment, the shaft 202 includes the first metallic end 202A
at the OD 210 and the second metallic end 202B at the
ID 208 to add rigidity to the VSV 200 and to provide
wear resistance. In an embodiment, the first metallic
end 202A of the shaft 202 and the second metallic end
202B of the shaft 202 occupy less than or equal to
twenty-five percent (25%) of a total span of the shaft
202 or a total span of the VSV 200. In an embodiment,
the first metallic end 202A of the shaft 202 and the
second metallic end 202B of the shaft 202 occupy from
ten percent (10%) to twenty-five percent (25%) of the
total span of the VSV 200. Therefore, seventy-five per-
cent (75%) or more of the total span of the VSV 200 is
occupied by the shaft portion 202C.

[0045] In an embodiment, the airfoil portion 206 is
essentially made of a composite material to reduce
weight of the VSV 200. In addition, the shaft portion
202C is also essentially made of a composite material
to further reduce weight of the VSV 200. In an embodi-
ment, the shaft portion 202C is essentially made of a
first composite material and the airfoil portion 206 of the
VSV 200 can be formed by wrapping a second compo-
site material around the shaft portion 202C. The term
"essentially made of a first composite material" is used
herein to mean that the shaft portion 202C is made
eighty percent (80%) to one hundred percent (100%)
of a composite material. The term "essentially made of
a second composite material" is used herein to mean
that the airfoil portion 206 is made eighty percent (80%)
to one hundred percent (100%) of a composite materi-
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al. For example, the airfoil portion 206 may include a
non-composite material (e.g., foam), as described
further below.

[0046] In an embodiment, the first composite material
of the shaft portion 202C is the same as the second
composite material of the airfoil portion 206 of the VSV
200. In another embodiment, the first composite mate-
rial of the shaft portion 202C is different from the sec-
ond composite material of the airfoil portion 206 of the
VSV 200.

[0047] In an embodiment, the shaft portion 202C may
have a first composite material architecture and the air-
foil portion 206 may have a second composite material
architecture. The first composite material of the shaft
portion 202C has the first composite material architec-
ture and the second material of the airfoil portion 206
has the second composite material architecture. In an
embodiment the first composite material architecture of
the shaft portion 202C can be the same as the second
composite material architecture of the airfoil portion
206. In another embodiment, the first composite mate-
rial architecture of the shaft portion 202C is different
from the second composite material architecture of the
airfoil portion 206. For example, the first composite ma-
terial architecture of the shaft portion 202C may be a
laminate composite material architecture while the sec-
ond composite material architecture of the airfoil por-
tion 206 may be a braided composite material architec-
ture, or vice versa.

[0048] FIG. 3A is a schematic, cross-sectional view
of the shaft portion 202C of the shaft 202 of the VSV
200, according to an embodiment of the present disclo-
sure. The shaft portion 202C is essentially made of a
composite material. The shaft portion 202C has a first
end 300A and a second end 300B (opposite the first
end 300A) that are configured to be coupled to the first
metallic end 202A and the second metallic end 202B,
respectively.

[0049] FIG. 3B is a schematic, cross-sectional view
of the shaft portion 202C of the shaft 202 taken at line
3B-3B, shown in FIG. 3A, according to an embodiment
of the present disclosure. As shown in FIG. 3B, in an
embodiment, the shaft portion 202C is made of a lami-
nate composite material having a plurality of stacked
laminates 302. The plurality of stacked laminates 302
are embedded in a matrix material 304 (e.g., a polymer
matrix or a ceramic matrix, etc.) to form the shaft por-
tion 202C.

[0050] FIG. 4A is a schematic, elevational view of the
first metallic end 202A of the shaft 202, according to an
embodiment of the present disclosure. FIG. 4B is a
schematic, elevational view of the second metallic end
202B of the shaft, according to an embodiment of the
present disclosure. The first metallic end 202A and the
second metallic end 202B can be metallic bushings
connected to the shaft portion 202C, shown in FIG. 3A,
that is essentially made of a composite material. The
term "essentially made of a composite material” is used
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herein to mean that the shaft portion 202C is made
eighty percent (80%) to one hundred percent (100%)
of a composite material.

[0051] FIG. 4C is a schematic, cross-sectional view
of the first metallic end 202A taken at line 4C-4C shown
in FIG. 4A, according to an embodiment of the present
disclosure. In an embodiment, as shown in FIG. 4C, the
first metallic end 202A can have a first hole 402. The
first hole 402 in the first metallic end 202A is configured
to receive the first end 300A of the shaft portion 202C.
In an embodiment, the first hole 402 has a shape that
matches a shape of the first end 300A of the shaft por-
tion 202C, shown in FIG. 3A. For example, the shape of
the first hole 402 can be an oval shape. In this case, the
shape of the first end 300A of the shaft portion 202C is
also oval so as to be inserted into the first hole 402.
However, other shapes can be used such as a polygo-
nal shape (e.g., rectangular, square, hexagonal, etc.).
In an embodiment, the first metallic end 202A can be
fastened or adhered to the first end 300A of the shaft
portion 202C using a fastener or an adhesive. For ex-
ample, the adhesive can be applied to the first end
300A of the shaft portion 202C or to an interior surface
of the hole 402, or both, before inserting the first end
300A of the shaft portion 202C into the first hole 402.
[0052] FIG. 4D is a schematic cross-sectional view of
the second metallic end 202B taken at line 4D-4D
shown in FIG. 4B, according to an embodiment of the
present disclosure. In an embodiment, as shown in
FIG. 4D, the second metallic end 202B can have a
second hole 404. The second hole 404 in the second
metallic end 202B is configured to receive the second
end 300B of the shaft portion 202C. In an embodiment,
the second hole 404 has a shape that matches a shape
of the second end 300B of the shaft portion 202C,
shown in FIG. 3A. For example, the shape of the sec-
ond hole 404 can be an oval shape. In this case, the
shape of the second end 300B of the shaft portion
202C is also oval so as to be inserted into the second
hole 404. However, other shapes can be used such as
a polygonal shape (e.g., rectangular, square, hexago-
nal, etc.). In an embodiment, the second metallic end
202B can be fastened or adhered to the second end
300B of the shaft portion 202C using a fastener or an
adhesive. For example, the adhesive can be applied to
the second end 300B of the shaft portion 202C or to an
interior surface of the second hole 404, or both, before
inserting the second end 300B of the shaft portion
202C into the second hole 404.

[0053] FIG. 5 is a schematic cross-sectional view of
the VSV 200 taken at line 5-5 shown in FIG. 2, accord-
ing to an embodiment of the present disclosure. As
shown in FIG. 5, the VSV 200 includes the shaft 202
and the airfoil portion 206. The shaft 202 is located at a
position that is shifted relative to a centroid 504 of the
airfoil portion 206. In an embodiment, the shaft portion
202C of the shaft 202 has a cross-sectional shape that
follows a profile of the airfoil portion 206 so that, when
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wrapping composite material around the shaft portion
202C to form the airfoil portion 206, less composite
material is used around the shaft portion 202C, and
the obtained shape of the airfoil portion 206 near the
shaft portion 202C follows the shape of the shaft 202.
[0054] In an embodiment, the airfoil portion 206 may
include a non-composite material 502 (e.g., 502). For
example, the non-composite material 502 (e.g., foam)
can be provided within the airfoil portion away from the
shaft 202 to reduce weight and/or to reduce rotational
inertia of the VSV 200. The non-composite material has
a density less than or equal to a density of the second
composite material of the airfoil portion 206.

[0055] FIG. 6 is a schematic, cross-sectional view of
the VSV 200 taken along line 6-6 shown in FIG. 2,
according to an embodiment of the present disclosure.
In this embodiment, as shown in FIG. 6, the shaft 202
includes the first metallic end 202A, the second metallic
end 202B, and the shaft portion 202C made essentially
of composite material. The shaft also includes a first
metallic insert 602 provided to couple the first metallic
end 202A to the shaft portion 202C and a second me-
tallic insert 603 provided to couple the second metallic
end 202B to the shaft portion 202C. In this embodi-
ment, instead of inserting the shaft portion 202C into
the first hole 402 in the first metallic end 202A (as
shown in FIG. 4A), the first metallic insert 602 is instead
inserted into a first shaft hole 604 at the first end 300A
of the shaft portion 202C of the shaft 202. The first
shaft hole 604 is configured to receive the first metallic
insert 602. The first metallic insert 602 can be fastened
(e.g., screwed) to the first metallic end 202A. The first
metallic insert 602 can be adhered to the first end 300A
of the shaft portion 202C of the shaft 202. For example,
an adhesive can be applied to the first metallic insert
602 or to the interior surface of the first shaft hole 604,
or to both, and the first metallic insert 602 can then be
inserted into the first shaft hole 604 at the first end
300A of the shaft portion 202C of the shaft 202.

[0056] Similarly, the second metallic insert 603 is also
inserted into a second shaft hole 605 at the second end
300B of the shaft portion 202C of the shaft 202. The
second shaft hole 605 is configured to receive the sec-
ond metallic insert 603. The second metallic insert 603
can be fastened (e.g., screwed) to the second metallic
end 202B. The second metallic insert 603 can be ad-
hered to the second end 300B of the shaft portion 202C
of the shaft 202. For example, an adhesive can be
applied to the second metallic insert 603 or to the inter-
ior surface of the second shaft hole 605, or to both, and
the second metallic insert 603 can then be inserted into
the second shaft hole 605 at the second end 300B of
the shaft portion 202C of the shaft 202.

[0057] Further aspects are provided by the subject
matter of the following clauses.

[0058] A variable stator vane comprises a shaft defin-
ing a longitudinal axis of the variable stator vane, the
shaft having a first metallic end and a second metallic
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end coupled to a shaft portion, the shaft portion being
made essentially of a first composite material to reduce
weight of the variable stator vane, and an airfoil portion
coupled to the shaft portion, the airfoil portion being
made essentially of a second composite material, the
shaft and the airfoil portion being rotatable around the
longitudinal axis of the variable stator vane.

[0059] A variable stator vane comprising: a shaft de-
fining a longitudinal axis of the variable stator vane, the
shaft having a first metallic end and a second metallic
end coupled to a shaft portion, the shaft portion being
made essentially of a first composite material; and an
airfoil portion coupled to the shaft portion, the airfoil
portion being made essentially of a second composite
material, wherein the shaft and the airfoil portion are
rotatable around the longitudinal axis of the variable
stator vane.

[0060] The variable stator vane of the preceding
clause, the first metallic end and the second metallic
end being metallic bushings connected to the shaft por-
tion.

[0061] The variable stator vane of any preceding
clause, the first metallic end and the second metallic
end are configured to add rigidity and to provide wear
resistance to the variable stator vane.

[0062] The variable stator vane of any preceding
clause, the first composite material of the shaft portion
being the same as the second composite material of
the airfoil portion.

[0063] The variable stator vane of any preceding
clause, the first metallic end being located at an outer
diameter of the variable stator vane, and the second
metallic end is located at an inner diameter of the vari-
able stator vane.

[0064] The variable stator vane of any preceding
clause, the shaft being located at a position that is
shifted relative to a centroid of the airfoil portion.

[0065] The variable stator vane of any preceding
clause, the shaft having a cross-sectional shape that
follows a profile of the airfoil portion.

[0066] The variable stator vane of any preceding
clause, the airfoil portion including a non-composite
material, the non-composite material having a density
less than or equal to a density of the second composite
material of the airfoil portion.

[0067] The variable stator vane of any preceding
clause, the non-composite material comprising foam.
[0068] The variable stator vane of any preceding
clause, the non-composite material being provided
within the airfoil portion away from the shaft to reduce
weight or to reduce rotational inertia, or both, of the
variable stator vane.

[0069] The variable stator vane of any preceding
clause, the first metallic end of the shaft and the second
metallic end of the shaft being less than or equal to
twenty-five percent of a total span of the shaft.

[0070] The variable stator vane of any preceding
clause, the first composite material of the shaft portion
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having a first composite material architecture, and the
second composite material of the airfoil portion has a
second composite material architecture.

[0071] The variable stator vane of any preceding
clause, the first composite material architecture being
different from the second composite material architec-
ture.

[0072] The variable stator vane of any preceding
clause, the first composite material architecture of the
shaft portion being a laminate composite material archi-
tecture, and the second composite material architec-
ture of the airfoil portion is a braided composite material
architecture.

[0073] The variable stator vane of any preceding
clause, the laminate composite material architecture
comprising a plurality of stacked laminates embedded
in a matrix material.

[0074] The variable stator vane of any preceding
clause, the shaft portion having a first end and a sec-
ond end, the first end being coupled to the first metallic
end and the second end being coupled to the second
metallic end.

[0075] The variable stator vane of any preceding
clause, the first metallic end having a first hole that is
configured to receive the first end of the shaft portion,
and the second metallic end has a second hole that is
configured to receive the second end of the shaft por-
tion.

[0076] The variable stator vane of any preceding
clause, the first hole having a shape that matches a
shape of the first end of the shaft portion and the sec-
ond hole has a shape that matches a shape of the
second end of the shaft portion.

[0077] The variable stator vane of any preceding
clause, the first end of the shaft portion being config-
ured to be inserted into the first hole of the first metallic
end, and the first metallic end is fastened to the first
end of the shaft portion, or the second end of the shaft
portion is configured to be inserted into the second hole
of the second metallic end, and the second metallic end
is fastened to the second end of the shaft portion, or
both.

[0078] The variable stator vane of any preceding
clause, the shaft further comprising a first metallic in-
sert and a second metallic insert, the first end of the
shaft portion comprises a first shaft hole configured to
receive the first metallic insert, the first metallic insert
being coupled to the first metallic end, or the second
end of the shaft portion comprises a second shaft hole
configured to receive the second metallic insert, the
second metallic insert being coupled to the second me-
tallic end, or both.

[0079] The variable stator vane of any preceding
clause, the first metallic insert being configured to be
fastened to the first metallic end, or the second metallic
insert is configured to be fastened to the second metal-
lic end, or both.

[0080] The variable stator vane of any preceding
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clause, the first metallic insert being adhered to the first
end of the shaft portion, or the second metallic insert is
adhered to the second end of the shaft portion, or both,
using an adhesive.

[0081] A turbine engine comprising a plurality of vari-
able stator vanes, each variable stator vane comprising
a shaft defining a longitudinal axis of the variable stator
vane, the shaft having a first metallic end and a second
metallic end coupled to a shaft portion, the shaft portion
being made essentially of a first composite material to
reduce weight of the variable stator vane, and an airfoil
portion coupled to the shaft portion, the airfoil portion
being made essentially of a second composite material,
the shaft and the airfoil portion being rotatable around
the longitudinal axis of the variable stator vane.

[0082] The turbine engine of the preceding clause,
the first metallic end and the second metallic end being
metallic bushings connected to the shaft portion.
[0083] The turbine engine of any preceding clause,
the first metallic end and the second metallic end are
configured to add rigidity and to provide wear resis-
tance to the variable stator vane.

[0084] The turbine engine of any preceding clause,
the first composite material of the shaft portion being
the same as the second composite material of the air-
foil portion.

[0085] The turbine engine of any preceding clause,
the first metallic end being located at an outer diameter
of the variable stator vane, and the second metallic end
is located at an inner diameter of the variable stator
vane.

[0086] The turbine engine of any preceding clause,
the shaft being located at a position that is shifted rela-
tive to a centroid of the airfoil portion.

[0087] The turbine engine of any preceding clause,
the shaft having a cross-sectional shape that follows a
profile of the airfoil portion.

[0088] The turbine engine of any preceding clause,
the airfoil portion including a non-composite material,
the non-composite material having a density less than
or equal to a density of the second composite material
of the airfoil portion.

[0089] The turbine engine of any preceding clause,
the non-composite material comprising foam.

[0090] The turbine engine of any preceding clause,
the non-composite material comprising being provided
within the airfoil portion away from the shaft to reduce
weight or to reduce rotational inertia, or both, of the
variable stator vane.

[0091] The turbine engine of any preceding clause,
the first metallic end of the shaft and the second metal-
lic end of the shaft being less than or equal to twenty-
five percent of a total span of the shaft.

[0092] The turbine engine of any preceding clause,
the first composite material of the shaft portion having
a first composite material architecture, and the second
composite material of the airfoil portion has a second
composite material architecture.
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[0093] The turbine engine of any preceding clause,
the first composite material architecture being different
from the second composite material architecture.
[0094] The turbine engine of any preceding clause,
the first composite material architecture of the shaft
portion being a laminate composite material architec-
ture, and the second composite material architecture
of the airfoil portion is a braided composite material
architecture.

[0095] The turbine engine of any preceding clause,
the laminate composite material architecture compris-
ing a plurality of stacked laminates embedded in a ma-
trix material.

[0096] The turbine engine of any preceding clause,
the shaft portion having a first end and a second end,
the first end being coupled to the first metallic end and
the second end being coupled to the second metallic
end.

[0097] The turbine engine of any preceding clause,
the first metallic end having a first hole that is config-
ured to receive the first end of the shaft portion, and the
second metallic end has a second hole that is config-
ured to receive the second end of the shaft portion.
[0098] The turbine engine of any preceding clause,
the first hole having a shape that matches a shape of
the first end of the shaft portion and the second hole
has a shape that matches a shape of the second end of
the shaft portion.

[0099] The turbine engine of any preceding clause,
the first end of the shaft portion being configured to be
inserted into the first hole of the first metallic end, and
the first metallic end is fastened to the first end of the
shaft portion, or the second end of the shaft portion is
configured to be inserted into the second hole of the
second metallic end, and the second metallic end is
fastened to the second end of the shaft portion, or both.
[0100] The turbine engine of any preceding clause,
the shaft further comprising a first metallic insert and a
second metallic insert, the first end of the shaft portion
comprises a first shaft hole configured to receive the
first metallic insert, the first metallic insert being
coupled to the first metallic end, or the second end of
the shaft portion comprises a second shaft hole config-
ured to receive the second metallic insert, the second
metallic insert being coupled to the second metallic
end, or both.

[0101] The turbine engine of any preceding clause,
the first metallic insert being configured to be fastened
to the first metallic end, or the second metallic insert is
configured to be fastened to the second metallic end, or
both.

[0102] The turbine engine of any preceding clause,
the first metallic insert being adhered to the first end of
the shaft portion, or the second metallic insert is ad-
hered to the second end of the shaft portion, or both,
using an adhesive.

[0103] Although the foregoing description is directed
to the preferred embodiments of the present disclosure,
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other variations and modifications will be apparent to
those skilled in the art and may be made without de-
parting from the disclosure. Moreover, features de-
scribed in connection with one embodiment of the pre-
sent disclosure may be used in conjunction with other
embodiments, even if not explicitly stated above.

Claims
1. A variable stator vane (200) comprising:

a shaft (202) defining a longitudinal axis (204)
of the variable stator vane (200), the shaft
(202) having a first metallic end (202A) and a
second metallic end (202B) coupled to a shaft
portion (202C), the shaft portion (202C) being
made essentially of a first composite material;
and

an airfoil portion (206) coupled to the shaft por-
tion (202C), the airfoil portion (206) being
made essentially of a second composite mate-
rial,

wherein the shaft (202) and the airfoil portion
(206) are rotatable around the longitudinal axis
(204) of the variable stator vane (200).

2. The variable stator vane (200) of claim 1, wherein
the first metallic end (202A) and the second metal-
lic end (202B) are metallic bushings connected to
the shaft portion (202C), and, optionally, the first
metallic end (202A) is located at an outer diameter
(210) of the variable stator vane (200), and the
second metallic end (202B) is located at an inner
diameter (208) of the variable stator vane (200).

3. The variable stator vane (200) of any preceding
claim, wherein the first composite material of the
shaft portion (202C) is the same as the second
composite material of the airfoil portion (206).

4. The variable stator vane (200) of any preceding
claim, wherein the shaft (202) is located at a posi-
tion that is shifted relative to a centroid (504) of the
airfoil portion (206).

5. The variable stator vane (200) of any preceding
claim, wherein the shaft (202) has a cross-sec-
tional shape that follows a profile of the airfoil por-
tion (206).

6. The variable stator vane (200) of any preceding
claim, wherein the airfoil portion (206) includes a
non-composite material (502), the non-composite
material (502) having a density less than or equal
to a density of the second composite material of
the airfoil portion (206).
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The variable stator vane (200) of any preceding
claim, wherein the first metallic end (202A) of the
shaft (202) and the second metallic end (202B) of
the shaft (202) are less than or equal to twenty-five
percent of a total span of the shaft (202).

The variable stator vane (200) of any preceding
claim, wherein the first composite material of the
shaft portion (202C) has a first composite material
architecture, and the second composite material of
the airfoil portion (206) has a second composite
material architecture.

The variable stator vane (200) of claim 8, wherein
the first composite material architecture is different
from the second composite material architecture,
and optionally, the first composite material archi-
tecture of the shaft portion (202C) is a laminate
composite material architecture, and the second
composite material architecture of the airfoil portion
(206) is a braided composite material architecture,
and optionally, the laminate composite material ar-
chitecture comprises a plurality of stacked lami-
nates (302) embedded in a matrix material (304).

The variable stator vane (200) of any preceding
claim, wherein the shaft portion (202C) has a first
end (300A) and a second end (300B), the first end
(300A) being coupled to the first metallic end
(202A) and the second end (300B) being coupled
to the second metallic end (202B).

The variable stator vane (200) of claim 10, wherein
the first metallic end (202A) has a first hole (402)
that is configured to receive the first end (300A) of
the shaft portion (202C), and the second metallic
end (202B) has a second hole (404) that is config-
ured to receive the second end (300B) of the shaft
portion (202C).

The variable stator vane (200) of claim 11, wherein
the first hole (402) has a shape that matches a
shape of the first end (300A) of the shaft portion
(202C) and the second hole (404) has a shape that
matches a shape of the second end (300B) of the
shaft portion (202C), and optionally, the first end
(300A) of the shaft portion (202C) is configured to
be inserted into the first hole (402) of the first me-
tallic end (202A), and the first metallic end (202A)
is fastened to the first end (300A) of the shaft por-
tion (202C), or the second end (300B) of the shaft
portion (202C) is configured to be inserted into the
second hole (404) of the second metallic end
(202B), and the second metallic end (202B) is fas-
tened to the second end (300B) of the shaft portion
(202C), or both.

The variable stator vane (200) of claim 11, wherein
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the shaft (202) further comprises a first metallic in-
sert (602) and a second metallic insert (603), the
first end (300A) of the shaft portion (202C) com-
prises a first shaft hole (604) configured to receive
the first metallic insert (602), the first metallic insert
(602) being coupled to the first metallic end (202A),
or the second end (300B) of the shaft portion
(202C) comprises a second shaft hole (605) con-
figured to receive the second metallic insert (603),
the second metallic insert (603) being coupled to
the second metallic end (202B), or both.

The variable stator vane (200) of claim 13, wherein
the first metallic insert (602) is configured to be
fastened to the first metallic end (202A), or the
second metallic insert (603) is configured to be fas-
tened to the second metallic end (202B), or both,
and optionally, the first metallic insert (602) is ad-
hered to the first end (300A) of the shaft portion
(202C), or the second metallic insert (603) is ad-
hered to the second end (300B) of the shaft portion
(202C), or both, using an adhesive.

A turbine engine (10) comprising the variable stator
vane (200) according to any preceding claim.
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