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(54) FIXED-VARIABLE VANE WITH POTTING IN GAP

(57) A fixed-variable vane assembly (60) includes a
vane that has a fixed airfoil section (62) and a variable
airfoil section (64) next to the fixed airfoil section (62).
The variable airfoil section (64) is pivotably mounted at
an end thereof in a joint (66) with a variable joint gap (68)

that controls a size of an airfoil gap between the fixed
airfoil section (62) and the variable airfoil section (64). A
potting material (78) is located in the variable joint gap
(68). The potting material (78) locks the variable joint gap
(68) and locks in the size of the airfoil gap.
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Description

BACKGROUND

[0001] A gas turbine engine typically includes a fan
section, a compressor section, a combustor section and
a turbine section. Air entering the compressor section is
compressed and delivered into the combustion section
where it is mixed with fuel and ignited to generate a high-
speed exhaust gas flow. The high-speed exhaust gas
flow expands through the turbine section to drive the com-
pressor and the fan section. The compressor section typ-
ically includes low and high pressure compressors, and
the turbine section includes low and high pressure tur-
bines.
[0002] The high pressure turbine drives the high pres-
sure compressor through an outer shaft to form a high
spool, and the low pressure turbine drives the low pres-
sure compressor through an inner shaft to form a low
spool. The fan section may also be driven by the low
inner shaft. A direct drive gas turbine engine includes a
fan section driven by the low spool such that the low
pressure compressor, low pressure turbine and fan sec-
tion rotate at a common speed in a common direction. In
some engine designs, the fan and/or compressor may
include variable or fixed-variable vanes for controlling air
flow into downstream rotating blades. A fixed-variable
vane includes a fixed airfoil section and a variable airfoil
section. There can be a gap between the sections to fa-
cilitate movement of the variable section, however, the
gap can allow the escape of air flow between the sections,
thus debiting aerodynamic efficiency.

SUMMARY

[0003] A fixed-variable vane assembly according to an
example of the present disclosure includes a vane that
has a fixed airfoil section and a variable airfoil section
next to the fixed airfoil section. The variable airfoil section
is pivotably mounted at an end thereof in a joint with a
variable joint gap that controls a size of an airfoil gap
between the fixed airfoil section and the variable airfoil
section. There is a potting material in the variable joint
gap that locks the variable joint gap and locks in the size
of the airfoil gap.
[0004] In an embodiment of the foregoing embodi-
ment, the joint includes a pivot member, a bushing that
receives the pivot member, and a fixed receiver that has
an opening that receives the bushing. The variable joint
gap is between the bushing and a side of the opening.
[0005] In a further embodiment of any of the foregoing
embodiments, the fixed receiver has a threaded outside
surface that receives a nut.
[0006] In a further embodiment of any of the foregoing
embodiments, the variable joint gap has a non-uniform
dimension.
[0007] In a further embodiment of any of the foregoing
embodiments, the potting material is a vibration damper.

[0008] In a further embodiment of any of the foregoing
embodiments, the potting material is a polymeric-based
material.
[0009] In a further embodiment of any of the foregoing
embodiments, the potting material is an elastomeric-
based material.
[0010] In a further embodiment of any of the foregoing
embodiments, the potting material is a silicone-based
material.
[0011] A fixed-variable vane assembly according to an
example of the present disclosure includes a fixed airfoil
section and a variable airfoil section next to the fixed air-
foil section. The variable airfoil section includes at an end
thereof a pivot member, a bushing that receives the pivot
member, and a fixed receiver that has an opening that
receives the bushing. The opening is larger than the
bushing such that there is a variable joint gap between
a side of the opening and the bushing and a potting ma-
terial in the variable joint gap.
[0012] In a further embodiment of any of the foregoing
embodiments, the fixed receiver has a threaded outside
surface that receives a nut.
[0013] In a further embodiment of any of the foregoing
embodiments, the variable joint gap has a non-uniform
dimension.
[0014] In a further embodiment of any of the foregoing
embodiments, the potting material is a vibration damper.
[0015] In a further embodiment of any of the foregoing
embodiments, the potting material is a polymeric-based
material.
[0016] In a further embodiment of any of the foregoing
embodiments, the potting material is an elastomeric-
based material.
[0017] In a further embodiment of any of the foregoing
embodiments, the potting material is a silicone-based
material.
[0018] In a further embodiment of any of the foregoing
embodiments, the variable joint gap controls size of an
airfoil gap between the fixed airfoil section and the vari-
able airfoil section.
[0019] A method of establishing sizing of an airfoil gap
in a fixed-variable vane assembly according to an exam-
ple of the present disclosure includes pivotably mounting
a variable airfoil section in a joint next to a fixed airfoil
section, adjusting a size of a variable joint gap in the joint
to obtain a desired size of an airfoil gap between the fixed
airfoil section and the variable airfoil section, and apply-
ing a potting material in the variable joint gap to lock in
the desired size of the airfoil gap.
[0020] In a further embodiment of any of the foregoing
embodiments, the adjusting includes holding at least the
variable airfoil section in a fixture.
[0021] In a further embodiment of any of the foregoing
embodiments, the joint includes a pivot member, a bush-
ing that receives the pivot member, and a fixed receiver
that has an opening that receives the bushing. The var-
iable joint gap is between the bushing and a side of the
opening.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The various features and advantages of the
present disclosure will become apparent to those skilled
in the art from the following detailed description. The
drawings that accompany the detailed description can
be briefly described as follows.

Figure 1 illustrates an example gas turbine engine.
Figure 2 illustrates an example fixed-variable vane
assembly.
Figure 3 illustrates an exploded view of an example
fixed-variable vane assembly.
Figure 4 illustrates a radially inward view of a joint
of a fixed-variable vane assembly.
Figure 5 illustrates a radially outward view of a joint
of a fixed-variable vane assembly.
Figure 6 illustrates a joint of a fixed-variable vane
assembly having a non-uniformed variable joint gap.

DETAILED DESCRIPTION

[0023] Figure 1 schematically illustrates an example
gas turbine engine 10 ("engine 10"). The engine 10 in-
cludes a fan section 12 that communicates air to a com-
pressor section 14. The compressed air from the com-
pressor section 14 is provided to a combustion section
16 where it is mixed with fuel and ignited to produce a
high energy gas flow. The energetic gas flow is expanded
through a turbine section 18, through an augmenter sec-
tion 20, and finally through an exhaust nozzle section 22.
The engine 10 is generally arranged along central engine
axis A.
[0024] The example engine 10 is a two spool engine
architecture that may be utilized for flight conditions with
high Mach number flight speeds. However, the examples
herein are not limited to such engine architectures and
may be applied to other types of turbomachinery, such
as, but not limited to, geared turbine engine architectures,
three-spool turbine engine architectures, direct drive tur-
bine engine architectures, ground-based turbine en-
gines, and other turbomachinery that would benefit from
this disclosure.
[0025] The engine 10 is a mixed flow turbofan engine
that includes a core flow passage 24 for core flow C
through the compressor section 14, combustion section
16, and turbine section 18. A first annular bypass pas-
sage 26 is arranged annularly about the core flow path
C for a first bypass flow B1 about an engine core 28. The
engine 10 also includes a second bypass passage 30
disposed radially outward of the first bypass passage 26
for a second bypass flow B2.
[0026] Incoming air, represented at F, is initially com-
pressed by first and second fan stages 32/34 within the
fan section 12. The fan stages 32/34 include rotatable
blades 36 and fixed-variable vanes 38 ("vanes 38") for
directing air flow F through the fan section 12. The initially
compressed air is provided to the core engine 28 and

specifically through the core flow passage 24 to the com-
pressor section 14.
[0027] The compressor section 14 includes a high
pressure compressor 40 that feeds compressed air to a
combustor 42 in the combustion section 16. The com-
pressed air is mixed with fuel and ignited in the combustor
42 to produce a high energy gas flow stream. The high
energy gas flow stream is expanded serially through a
high pressure turbine 44 and a low pressure turbine 46.
The low pressure turbine 46 is coupled to drive an inner
shaft 48 that extends forward to drive the fan section 12.
The high pressure turbine 44 is coupled to drive an outer
shaft 50 to drive the high pressure compressor 40.
[0028] Figure 2 illustrates an isolated view of several
vane assemblies 60 in which the vanes 38 are included,
and Figure 3 illustrates an exploded view of the vane
assemblies 60. In this example, the vanes 38 are provid-
ed in a unit "3-pack," although it is to be understood that
additional vanes could be used in a unit pack, or the unit
pack could be a double or single pack. In each vane as-
sembly 60, the vane 38 includes a fixed airfoil section 62
and a variable airfoil section 64 next to the fixed airfoil
section 62. The variable airfoil section 64 is movable rel-
ative to the fixed airfoil section 62. In this regard, the
variable airfoil section 64 is pivotably mounted at an end
thereof in a joint 66 with a variable joint gap 68 that con-
trols a size of an airfoil gap 70 between the fixed airfoil
section 62 and the variable airfoil section 64. That is, the
size of the variable joint gap 68 directly influences the
size of the airfoil gap 70. As will be appreciated, the var-
iable airfoil section 64 is pivotably mounted in similar
joints 66 at both a radially outer and radially inner end of
the variable airfoil section 64. Thus, although a repre-
sentative one of the joints 66 may be described herein,
the fixed-variable vane assembly 60 can include such
joints 66 at both ends of the variable airfoil section 64.
Alternatively, the fixed-variable vane assembly 60 could
include only one such joint 66 at one end of the variable
airfoil section 64.
[0029] In the illustrated example, the joint 66 includes
a pivot member 72, a bushing 74 that receives the pivot
member 72, and a fixed receiver 76 that has an opening
76a that receives the bushing 74. For instance, the pivot
member 72 is a cylindrical rod, but could alternatively
have a threaded geometry or non-cylindrical geometry.
The bushing 74 in this example is cylindrical and has a
central opening that geometrically corresponds to, and
receives, the pivot member 72. As can be appreciated,
the bushing 74 could have other, non-cylindrical ge-
ometries. Optionally, a washer 72a can be used on the
pivot member 72 to support the bushing 74.
[0030] In this example, the fixed receiver 76 is split and
includes two receiver sections 76b/76c that are secured
together using pins 76d to capture the bushing 74 there
between. As can be appreciated, additional or other
mechanisms can be used to secure the two receiver sec-
tions 76b/76c. The fixed receiver 76 has a threaded out-
side surface 77a that receives a nut 77b that secures the
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receiver sections 76b/76c together. Each receiver sec-
tion 76b/76c in this example includes multiple openings
76a such that, once assembled, the fixed receiver 76 can
receive multiple bushings 74 of multiple, circumferential-
ly-arranged fixed-variable vane assemblies 60. As will
be appreciated, although shown in a triple configuration,
the fixed receiver 76 could also include additional open-
ings 76a, or could be in a double or single configuration.
[0031] Figure 4 shows a radial inward view of the joint
66 from the radially outer end of the vane assembly 60,
and Figure 5 shows a radial outward view of the joint 66
from the radially inner end of the vane assembly 60. The
variable joint gap 68 is located between the outside of
the bushing 74 and the side of the opening 76a of the
fixed receiver 76. A potting material 78 is received in the
variable joint gap 68. Prior to application of the potting
material 78, the variable joint gap 68 is adjustable, to
adjust the size of the airfoil gap 70. The potting material
78 then locks the variable joint gap 68 and thus locks in
the desired size of the airfoil gap 70. In this regard, by
adjusting the size of the variable joint gap 68 during as-
sembly of the fixed-variable vane assembly 60, the cor-
responding size of the airfoil gap 70 can be controlled to
obtain a desired size of the airfoil gap 70. In some exam-
ples, as shown in Figure 6, the final adjusted position of
the bushing 74 relative to the fixed receiver 76 is such
that the variable joint gap 68 is non-uniform around the
circumference of the bushing 74. That is, the bushing 74
and opening 76a of the fixed receiver 76 are non-con-
centric.
[0032] The potting material 78 is selected to appropri-
ately lock the variable joint gap 68. The terms "lock" or
"locking" of the variable joint gap 68 refer to the bushing
74 being substantially immoveable relative to the fixed
receiver 76. Thus, whereas the bushing 74 is adjustably
moveable relative to the fixed receiver 76 without the
potting material 78, with the potting material 78 the bush-
ing 74 is substantially immoveable relative to the fixed
receiver 76.
[0033] In some examples where very rigid locking is
desired, a very strong and rigid potting material 78 can
be used. In further examples, the potting material 78 is
a polymeric-based material, such as a thermoplastic-
based material or an elastomeric-based material. The
polymeric-based material can include additives and re-
inforcement as appropriate to obtain desired properties.
Example thermoset-based materials can include, but not
limited to, epoxy-based materials. Example elastomeric-
based material can include, but are not limited to, sili-
cone-based materials. The polymeric-based material,
and particularly the elastomeric-based material, can also
serve as a vibration damper to mitigate vibrations in the
variable airfoil section 64.
[0034] The examples herein also embody a method of
establishing sizing of the airfoil gap 70 in the fixed-vari-
able vane assembly 60. An example method can include
pivotably mounting the variable airfoil section 64 in the
joint 66 next to the fixed airfoil section 62. The size of the

variable joint gap 68 in the joint 66 can then be adjusted
to obtain a desired size of the airfoil gap 70 between the
fixed airfoil section 62 and the variable airfoil section 64.
The adjustment of the size of the variable joint gap 68
can include holding at least the variable airfoil section 64
in a fixture and adjusting the position of the variable airfoil
section 64 to thus adjust the size of the variable joint gap
68. The fixed airfoil section 62 can also be held in the
fixture or in a separate fixture.
[0035] Once a desired airfoil gap 70 is obtained by the
adjustments, the potting material 78 is applied into the
variable joint gap 68 to thus lock in the desired size of
the airfoil gap 70. Depending upon the composition of
the potting material 78, a curing step may be needed for
solidification before the fixture(s) can be removed. In fur-
ther examples, the composition of the potting material 78
is selected to cure at relatively low temperatures to avoid
exposing the fixed-variable vane assembly 60 to temper-
atures that could damage other components. Thus, the
method permits tight control over the size of the airfoil
gap 70 by adjustment of the size of the variable joint gap
68 and then locking in the airfoil gap 70 by applying the
potting material 78 into the variable joint gap 68. With
tighter tolerances on the airfoil gap 70, less airflow es-
capes between the fixed airfoil section 62 and the variable
airfoil section 64, thus enhancing aerodynamic efficiency
of the vane 38.
[0036] Although a combination of features is shown in
the illustrated examples, not all of them need to be com-
bined to realize the benefits of various embodiments of
this disclosure. In other words, a system designed ac-
cording to an embodiment of this disclosure will not nec-
essarily include all of the features shown in any one of
the Figures or all of the portions schematically shown in
the Figures. Moreover, selected features of one example
embodiment may be combined with selected features of
other example embodiments.
[0037] The preceding description is exemplary rather
than limiting in nature. Variations and modifications to
the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the
scope of this disclosure. The scope of legal protection
given to this disclosure can only be determined by stud-
ying the following claims.

Claims

1. A fixed-variable vane assembly (60) comprising:

a vane (38) that includes a fixed airfoil section
(62) and a variable airfoil section (64) next to the
fixed airfoil section (62), the variable airfoil sec-
tion (64) being pivotably mounted at an end
thereof in a joint (66) with a variable joint gap
(68) that controls a size of an airfoil gap (70)
between the fixed airfoil section (62) and the var-
iable airfoil section (64); and
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a potting material (78) in the variable joint gap
(68), the potting material (78) locking the varia-
ble joint gap (68) and locking in the size of the
airfoil gap (70).

2. The fixed-variable vane assembly as recited in claim
1, wherein the joint (66) includes a pivot member
(72), a bushing (74) that receives the pivot member
(72), and a fixed receiver (76) that has an opening
(76a) that receives the bushing (74), and wherein
the variable joint gap (68) is between the bushing
(74) and a side of the opening (76a).

3. A fixed-variable vane assembly (60) comprising:

a fixed airfoil section (62);
a variable airfoil section (64) next to the fixed
airfoil section (62), the variable airfoil section
(64) including at an end thereof a pivot member
(72);
a bushing (74) that receives the pivot member
(72);
a fixed receiver (76) that has an opening (76a)
that receives the bushing (74), the opening (76a)
being larger than the bushing (74) such that
there is a variable joint gap (68) between a side
of the opening (76a) and the bushing (74); and
a potting material (78) in the variable joint gap
(68).

4. The fixed-variable vane assembly as recited in claim
3, wherein the variable joint gap (68) controls size
of an airfoil gap (70) between the fixed airfoil section
(62) and the variable airfoil section (64).

5. The fixed-variable vane assembly as recited in claim
2, 3 or 4, wherein the fixed receiver (76) has a thread-
ed outside surface (77a) that receives a nut (77b).

6. The fixed-variable vane assembly as recited in any
preceding claim, wherein the variable joint gap (68)
has a non-uniform dimension.

7. The fixed-variable vane assembly as recited in any
preceding claim, wherein the potting material (78) is
a vibration damper.

8. The fixed-variable vane assembly as recited in any
preceding claim, wherein the potting material (78) is
a polymeric-based material.

9. The fixed-variable vane assembly as recited in any
preceding claim, wherein the potting material (78) is
an elastomeric-based material.

10. The fixed-variable vane assembly as recited in any
preceding claim, wherein the potting material is a
silicone-based material.

11. A method of establishing sizing of an airfoil gap (70)
in a fixed-variable vane assembly (60), the method
comprising:

pivotably mounting a variable airfoil section (64)
in a joint (66) next to a fixed airfoil section (62);
adjusting a size of a variable joint gap (68) in the
joint (66) to obtain a desired size of an airfoil gap
(70) between the fixed airfoil section (62) and
the variable airfoil section (64); and
applying a potting material (78) in the variable
joint gap (68) to lock in the desired size of the
airfoil gap (70).

12. The method as recited in claim 11, wherein the ad-
justing includes holding at least the variable airfoil
section (64) in a fixture.

13. The method as recited in claim 11 or 12, wherein the
joint (66) includes a pivot member (72), a bushing
(74) that receives the pivot member (72), and a fixed
receiver (76) that has an opening (76a) that receives
the bushing (74), and wherein the variable joint gap
(68) is between the bushing (74) and a side of the
opening (76a).
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