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(54) STATOR WITH SUPPORT STRUCTURE FEATURE FOR TUNED AIRFOIL

(57) A vane stage assembly includes an airfoil (68)
including a leading edge (72) and a trailing edge (70). An
inner shroud (64) extends from the leading edge (72) to
the trailing edge (70) for supporting the airfoil (68). The
shroud (64) includes a forward portion (80) including an
axial width (88) and a forward thickness (86) extending
in a radial direction. A ratio of the forward radial thickness
(86) divided by the forward axial width (88) is between
0.64 and 1.11 for defining a natural frequency of the airfoil
(68).
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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 compressor and turbine sections include
stator vanes including an airfoil supported between sup-
porting shrouds and support structures. The airfoils are
subject to flow forces through the engine which produce
vibrational frequencies. The shape of the airfoil is con-
figured to define a desired natural frequency. An unde-
sired natural frequency can generate undesired fatigue
and distressed parts.
[0003] Turbine engine manufacturers continue to seek
further improvements to engine performance including
improvements to thermal, transfer and propulsive effi-
ciencies.

SUMMARY

[0004] From a first aspect, the invention provides a
vane stage assembly that includes an airfoil including a
leading edge and a trailing edge. An inner shroud extends
from the leading edge to the trailing edge for supporting
the airfoil. The shroud includes a forward portion includ-
ing an axial width and a forward thickness extending in
a radial direction. A ratio of the forward radial thickness
divided by the forward axial thickness is between 0.64
and 1.11 for defining a natural frequency of the airfoil.
[0005] In an embodiment according to the above, the
shroud includes a forward portion with a forward radial
thickness and a middle portion with a middle thickness
and ratio of the forward radial thickness divided by the
middle thickness is between 1.40 and 2.93.
[0006] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
portion with a forward axial thickness and a middle portion
with a middle thickness and the ratio of the forward axial
thickness divided by the middle thickness is between
1.93 and 3.00.
[0007] In another embodiment according to any of the
previous embodiments, a ratio of the forward radial thick-
ness divided by the forward axial thickness is between
1.24 and 2.39 for defining a natural frequency of the air-
foil.
[0008] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
portion with a forward radial thickness and a middle por-

tion with a middle thickness and ratio of the forward radial
thickness divided by the middle thickness is between
1.73 and 3.76.
[0009] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
portion with a forward axial thickness and a middle portion
with a middle thickness and the ratio of the forward axial
thickness divided by the middle thickness is between
1.06 and 2.05.
[0010] In another embodiment according to any of the
previous embodiments, includes an outer shroud dis-
posed radially outward of the airfoil. The outer shroud
includes at least one shroud rail that includes a radial
thickness, and a ratio of the radial thickness to the middle
thickness of the inner shroud is between 2.61 and 4.58.
[0011] In another embodiment according to any of the
previous embodiments, includes an outer shroud dis-
posed radially outward of the airfoil. The outer shroud
includes at least one shroud rail. At least one rail includes
a radial thickness, and a ratio of the radial thickness to
the middle thickness of the inner shroud is between 3.21
and 5.95.
[0012] In another embodiment according to any of the
previous embodiments, the inner shroud is a full ring sin-
gle continuous circumferential support, but is not limited
to full ring.
[0013] The invention also provides a gas turbine en-
gine that includes a compressor section including a stator
vane stage assembly including an airfoil supported be-
tween an outer shroud and an inner shroud. The shroud
includes a forward portion including an axial width and a
forward thickness extending in a radial direction. A ratio
of the forward radial thickness divided by the forward
axial width thickness is between 0.64 and 1.11 for defin-
ing a natural frequency of the airfoil.
[0014] In an embodiment according to the above, the
shroud includes a forward portion with a forward radial
thickness and a middle portion with a middle thickness
and a ratio of the forward radial thickness divided by the
middle thickness is between 1.40 and 2.93.
[0015] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
portion with a forward axial thickness and a middle portion
with a middle thickness and a ratio of the axial thickness
divided by the middle thickness is between 1.93 and 3.00.
[0016] In another embodiment according to any of the
previous embodiments, a ratio of the forward radial thick-
ness divided by the forward axial width thickness is be-
tween 1.24 and 2.39 for defining a natural frequency of
the airfoil.
[0017] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
portion with a forward radial thickness and a middle por-
tion with a middle thickness and a ratio of the forward
radial thickness divided by the middle thickness is be-
tween 1.73 and 3.76.
[0018] In another embodiment according to any of the
previous embodiments, the shroud includes a forward
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portion with a forward axial thickness and a middle portion
with a middle thickness and a ratio of the axial thickness
divided by the middle thickness is between 1.06 and 2.05.
[0019] In another embodiment according to any of the
previous embodiments, the forward thickness extends in
an axial direction parallel to the engine axis and the mid-
dle thickness extends in a radial direction from the engine
axis.
[0020] In another embodiment according to any of the
previous embodiments, the forward portion extends aft
past the airfoil leading edge and the forward radial thick-
ness is disposed within a plane common with the leading
edge of the airfoil.
[0021] In another embodiment according to any of the
previous embodiments, the outer shroud includes at least
one shroud rail and the rail includes a radial thickness.
[0022] The invention also provides a method of tuning
airfoils in a stator vane assembly of a gas turbine engine.
The method includes forming an inner shroud including
a forward portion including a forward radial thickness and
an axial width. An airfoil is formed supported by the inner
shroud. The forward portion is formed to provide a ratio
of the forward radial thickness divided by the axial width
between 0.64 and 1.11 for defining a natural frequency
of the airfoil.
[0023] In an embodiment according to the above, the
ratio of the forward radial thickness divided by the middle
thickness is between 1.40 and 2.93.
[0024] In another embodiment according to any of the
previous embodiments, the forward axial thickness ex-
tends in an axial direction parallel to the engine axis and
the middle thickness extends in a radial direction from
the engine axis and a ratio of the axial width divided by
the middle thickness is between 1.93 and 3.00.
[0025] In another embodiment according to any of the
previous embodiments, the forward radial thickness di-
vided by the axial width between 1.24 and 2.39 for de-
fining a natural frequency of the airfoil.
[0026] In another embodiment according to any of the
previous embodiments, the ratio of the forward radial
thickness divided by the middle thickness is between
1.73 and 3.76.
[0027] In another embodiment according to any of the
previous embodiments, the forward axial thickness ex-
tends in an axial direction parallel to the engine axis and
the middle thickness extends in a radial direction from
the engine axis and a ratio of the axial width divided by
the middle thickness is between 1.06 and 2.05.
[0028] In another embodiment according to any of the
previous embodiments, includes forming at least one
shroud rail to include a radial thickness related to the
middle thickness according to a ratio of the radial thick-
ness divided by the middle thickness of the inner shroud
between 2.61 and 4.58.
[0029] In another embodiment according to any of the
previous embodiments, includes forming at least one
shroud rail to include a radial thickness related to the
middle thickness according to a ratio of the radial thick-

ness divided by the middle thickness of the inner shroud
between 3.21 and 5.95.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Figure 1 is a schematic view of an example gas tur-
bine engine.
Figure 2 is a side view of an example stator vane
stage embodiment.
Figure 3 is a front view of the example stator vane
stage embodiment.
Figure 4 is a sectional view of an example stator
vane.

DETAILED DESCRIPTION

[0031] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct defined within a
nacelle 15, while the compressor section 24 drives air
along a core flow path C for compression and communi-
cation into the combustor section 26 then expansion
through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that
the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to
other types of turbine engines including three-spool ar-
chitectures.
[0032] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0033] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The high speed spool 32 includes an
outer shaft 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 58 of
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the engine static structure 36 is arranged generally be-
tween the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 58 further supports
bearing systems 38 in the turbine section 28. The inner
shaft 40 and the outer shaft 50 are concentric and rotate
via bearing systems 38 about the engine central longitu-
dinal axis A which is collinear with their longitudinal axes.
[0034] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 58 includes air-
foils 60 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.
[0035] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1. It should be understood, however, that
the above parameters are only exemplary of one embod-
iment of a geared architecture engine and that the
present invention is applicable to other gas turbine en-
gines including direct drive turbofans.
[0036] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10.67 km). The flight condition of 0.8 Mach
and 35,000 ft (10.67 km), with the engine at its best fuel
consumption - also known as "bucket cruise Thrust Spe-
cific Fuel Consumption (’TSFC’)" - is the industry stand-
ard parameter of lbm of fuel being burned divided by lbf
of thrust the engine produces at that minimum point. "Low
fan pressure ratio" is the pressure ratio across the fan
blade alone, without a Fan Exit Guide Vane ("FEGV")

system. The low fan pressure ratio as disclosed herein
according to one non-limiting embodiment is less than
about 1.45. "Low corrected fan tip speed" is the actual
fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]
0.5(where °R = K x 9/5). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-
bodiment is less than about 1150 ft/second (350 m/sec-
ond).
[0037] The example gas turbine engine includes the
fan 42 that comprises in one non-limiting embodiment
less than about twenty-six fan blades. In another non-
limiting embodiment, the fan section 22 includes less
than about twenty fan blades. Moreover, in one disclosed
embodiment the low pressure turbine 46 includes no
more than about six turbine rotors schematically indicat-
ed at 34. In another non-limiting example embodiment
the low pressure turbine 46 includes about three turbine
rotors. A ratio between the number of fan blades 42 and
the number of low pressure turbine rotors is between
about 3.3 and about 8.6. The example low pressure tur-
bine 46 provides the driving power to rotate the fan sec-
tion 22 and therefore the relationship between the
number of turbine rotors 34 in the low pressure turbine
46 and the number of blades 42 in the fan section 22
disclose an example gas turbine engine 20 with in-
creased power transfer efficiency.
[0038] The example compressor section 24 includes
a plurality of stator vane stage assemblies 62 interposed
between rotating stages 65. In this example, a stator vane
stage 62 is provided between each of the rotating stages
65 in the compressor section 24. It should be appreciated
that although the example stator vane stage 62 is dis-
posed within the compressor section 24 that stator vane
stages are also utilized in the turbine section 28 and that
stator vane stages within the turbine section 28 are within
the contemplation of this disclosure.
[0039] Referring to Figures 2 and 3 with continued ref-
erence to Figure 1, the example vane stage 62 includes
a radially inner shroud 64 and a radially outer shroud 66.
A plurality of airfoils 68 are supported between the inner
shroud 64 and the outer shroud 66. Spaces between the
airfoils 68 defines a flow path for the core airflow C moving
through the compressor section 24. In this example, the
inner shroud 64 comprises a single continuous full ring
member. Moreover, the outer shroud 66 also comprises
a single continuous full ring shroud. Although a single
inner shroud 64 and outer shroud 66 are illustrated and
described by way of example other configurations includ-
ing multiple shroud pieces are also within the contem-
plation of this disclosure.
[0040] Referring to Figure 4 with continued reference
to Figures 2 and 3, a section through a portion of the
vane stage 62 illustrated to show a cross section of the
outer shroud 66 and the inner shroud 64. The outer
shroud 66 includes rails 74 that extend radially outward
relative to the engine longitudinal axis A.
[0041] The airfoil 68 includes a leading edge 72 and a
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trailing edge 70. The geometry of the airfoil 68 is provided
to create a desired aerodynamic performance character-
istic. Accordingly, the geometry of the airfoil 68 may be
relatively complex. The geometry required to provide the
desired aerodynamic performance may conflict with
structural requirements. The airfoil 68 is subject to cycli-
cal forces during engine operation that induce vibrations.
A natural frequency of the airfoil 68 is set to be within a
range that provides a robust structural design and per-
formance. Accordingly, natural frequency values are
tuned to provide a robust structural design that minimizes
structural distress that may result from improperly tuned
airfoils 68.
[0042] Modification to the airfoil 68 to provide the de-
sired natural frequency can be obtained by changing the
airfoil geometry 68. However, such changes to the airfoil
geometry are difficult and increase complexity. The stator
vane stage 62 in this disclosure includes modification to
the inner shroud 64 and/or the outer shroud 66 to tune
the airfoil natural frequency. By modifying the shrouds
64, 66 instead of the airfoil 68, desired tuning of the nat-
ural frequency can be provided without changes to the
desired aerodynamic performance provided by the ge-
ometry of the airfoil 68.
[0043] In the disclosed example embodiment, a rela-
tionship between portions of the inner shroud 64 are tai-
lored to tune the airfoil 68. Instead, of changing the ge-
ometry of any of the airfoils 68 to provide the desired
tuning, the geometry of the inner and outer shroud is
modified to provide the desired geometry to tune the air-
foil to minimize the effects of natural frequencies.
[0044] The example inner shroud 64 includes an aft
portion 76, a middle portion 78 and a forward portion 80.
The forward portion 80 extends from the front of the inner
shroud 64 to the axial position of the midpoint of the rail
74; the middle portion 78 extends from the forward portion
80 half-way to a location where the trailing edge 70 meets
the inner shroud 64; and the aft portion extends from the
middle portion 78 to the aft end of the airfoil. The aft por-
tion 76 includes a maximum thickness 82 of the aft portion
76 axially forwards of an aft lip, in a radial direction relative
to the engine axis A. The middle portion 78 includes a
minimum middle thickness 84. The forward portion 80
includes a forward radial thickness 86. The forward por-
tion 80 also includes an axial width 88 at a radially inner-
most edge of the forward portion 80 of the inner shroud
64. The radial thickness 86 is measured within a radial
plane 90 at the location where the leading edge 72 meets
the inner shroud 64.
[0045] In this example, the inner shroud 64 is modified
to provide a middle thickness 84 relative to the thickness
86 of the forward portion 80 that changes a stiffness of
the inner shroud 64 to provide the desired tuning of the
vane stage assembly 62. The relationship between the
forward radial thickness 86 and the middle thickness 84
is reflected as a desired ratio of the forward thickness 86
divided by the middle thickness 84. In one example em-
bodiment, a ratio between the forward radial thickness

86 divided by the middle thickness 84 is between 2.93
and 1.40. In another disclosed example, a ratio between
the forward radial thickness 86 divided by the middle
thickness 84 is between 3.76 and 1.73. In one disclosed
example, the forward thickness 86 is between about
0.105 inches (2.7 mm) and about 0.161 inches (4.1 mm)
and the middle thickness is between about 0.055 inches
(1.4 mm) and about 0.075 inches (1.9 mm).
[0046] In another disclosed example the forward radial
thickness 86 is between about 0.158 inches (4.0 mm)
and about 0.107 inches (2.7 mm) and the middle thick-
ness is between about 0.042 inches (1.1 mm) and about
0.062 inches (1.6 mm).
[0047] An additional relationship between the axial
width 88 and the radial thickness 86 may also be adjusted
to tune the airfoil 68 and minimize undesired frequencies
that may limit operational life. In one example, a ratio of
the forward radial thickness 86 divided by the axial width
88 is between 1.11 and 0.64. In another disclosed em-
bodiment, a ratio of the forward radial thickness 86 divid-
ed by the axial width 88 is between 2.39 and 1.24.
[0048] In one disclosed embodiment the axial width 88
is between 0.145 inches (3.7 mm) and 0.165 inches (4.2
mm). In another disclosed embodiment the axial width
88 is between about 0.066 inches (1.7 mm) and about
0.086 inches (2.2 mm).
[0049] In a further example embodiment a ratio of the
axial width 88 divided by the middle radial thickness 84
is between about 1.93 and 3.00. In this disclosed em-
bodiment the axial width 88 is between 0.145 inches (3.7
mm) and 0.165 inches (4.2 mm) and the middle radial
thickness 84 is between about 0.055 inches (1.4 mm)
and about 0.075 inches (1.9 mm).
[0050] In another example embodiment a ratio of the
axial width 88 divided by the middle radial thickness 84
is between about 1.06 and 2.05. In this disclosed em-
bodiment the axial width 88 is between 0.066 inches (1.7
mm) and 0.086 inches (2.1 mm) and the middle thickness
84 is between about 0.042 inches (1.1 mm) and about
0.062 inches (1.6 mm).
[0051] Not only may the inner shroud 64 be modified
to tune the frequency of the airfoil 68 but the outer shroud
66 may also be modified. In this example, the outer
shroud 66 includes the rails 74. Each of the rails 74 in-
cludes a radial thickness 92 at the axial midpoint of the
rail. This radial thickness 92 is modified to provide a de-
sired thickness that inhibits damaging frequencies during
operation. In one disclosed embodiment, a ratio of the
rail thickness 92 to the middle thickness 84 is between
4.58 and 2.61. In another disclosed embodiment, the ra-
tio between the rail thickness 92 and the middle thickness
84 of the lower shroud 64 is between 5.95 and 3.21. In
one disclosed embodiment the rail thickness is between
about 0.252 inches (6.4 mm) and 0.196 inches (5.0 mm)
and the middle thickness is between about 0.055 inches
(1.4 mm) and about 0.075 inches (1.9 mm). In another
disclosed example, the rail thickness is between about
0.250 inches (6.4 mm) and 0.199 inches (5.1 mm) and
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the middle thickness is between about 0.042 inches (1.1
mm) and about 0.062 inches (1.6 mm).
[0052] The example vane stage assembly 62 modifi-
cation of different portions of the inner shroud 64 and the
outer shroud 66 is utilized to provide an airfoil natural
frequency. Natural frequency values are tuned to desired
values in order to provide a robust structural design and
to minimize airfoil structural distress caused by mistuned
airfoils. Accordingly, the example vane stage assembly
includes shrouds that include specific ratios to enable
optimization of airfoil frequencies without changing airfoil
geometry that is optimized to provide desired aerody-
namic characteristic.
[0053] Although an example embodiment has been
disclosed, a worker of ordinary skill in this art would rec-
ognize that certain modifications would come within the
scope of this disclosure. For that reason, the following
claims should be studied to determine the scope and
content of this disclosure.

Claims

1. A vane stage assembly (62) comprising:

an airfoil (68) including a leading edge (72) and
a trailing edge (70); and
an inner shroud (64) extending from the leading
edge (72) to the trailing edge (70) for supporting
the airfoil (68), the inner shroud (64) including a
forward portion (80) including an axial width (88)
and a forward radial thickness (86) extending in
a radial direction, wherein a ratio of the forward
radial thickness (86) divided by the forward axial
width (88) is between 0.64 and 1.11.

2. The vane stage assembly (62) as recited in claim 1,
including an outer shroud (66) disposed radially out-
ward of the airfoil (68), wherein the outer shroud (66)
includes at least one shroud rail (74) that includes a
radial thickness (92) and a ratio of the radial thick-
ness (92) to a middle thickness (84) of the inner
shroud (64) is between 2.61 and 4.58, wherein the
middle thickness (84) is a minimum thickness of a
middle portion (78) of the inner shroud (64).

3. The vane stage assembly (62) as recited in claim 1,
including an outer shroud (66) disposed radially out-
ward of the airfoil (68), wherein the outer shroud (66)
includes at least one shroud rail (74), that includes
a radial thickness (92) and a ratio of the radial thick-
ness (92) to a middle thickness (84) of the inner
shroud (64) is between 3.21 and 5.95, wherein the
middle thickness (84) is a minimum thickness of a
middle portion (78) of the inner shroud (64).

4. The vane stage assembly (62) as recited in any pre-
ceding claim, wherein the inner shroud (64) is a full

ring single continuous circumferential support.

5. A gas turbine engine (20) comprising:

a compressor section (24) including a stator
vane stage assembly (62) including an airfoil
(68) supported between an outer shroud (66)
and an inner shroud (64), the inner shroud (64)
including a forward portion (80) including an ax-
ial width (88) and a forward radial thickness (86)
extending in a radial direction, wherein a ratio
of the forward radial thickness (86) divided by
the forward axial width (88) is between 0.64 and
1.11.

6. The vane stage assembly (62) or gas turbine engine
(20) as recited in any preceding claim, wherein the
inner shroud (64) includes a middle portion (78) with
a minimum middle thickness (84) and a ratio of the
forward radial thickness (86) divided by the middle
thickness (84) is between 1.40 and 2.93.

7. The vane stage assembly (62) or gas turbine engine
(20) as recited in any of claims 1 to 5, wherein the
inner shroud (64) includes a middle portion (78) with
a minimum middle thickness (84) and a ratio of the
axial width (88) divided by the middle thickness (78)
is between 1.93 and 3.00.

8. The vane stage assembly (62) or gas turbine engine
(20) as recited in any preceding claim, wherein the
inner shroud (64) includes a forward portion (80) with
a forward radial thickness (86) and a middle portion
(78) with a minimum middle thickness (84) and a
ratio of the forward radial thickness (86) divided by
the middle thickness (84) is between 1.73 and 3.76.

9. The vane stage assembly (62) or gas turbine engine
(20) as recited in any preceding claim, wherein the
inner shroud (64) includes a forward portion (80) with
a forward axial width (88) and a middle portion (78)
with a minimum middle thickness (84) and a ratio of
the forward axial width (88) divided by the middle
thickness (84) is between 1.06 and 2.05.

10. The gas turbine engine (20) as recited in any pre-
ceding claim, wherein the forward portion (80) ex-
tends aft past the airfoil leading edge (72).

11. The gas turbine engine (20) as recited in any pre-
ceding claim, including an outer shroud (66) that in-
cludes at least one shroud rail (74) and the rail (74)
includes a radial thickness (92), at the axial midpoint
of the rail (74).

12. A method of tuning airfoils (68) in a stator vane as-
sembly (62) of a gas turbine engine (20), the method
comprising:
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forming an inner shroud (64) including a forward
portion (80) including a forward radial thickness
(86) and an axial width (88);
forming an airfoil (68) supported by the inner
shroud (64); and
forming the forward portion (80) to provide a ratio
of the forward radial thickness (86) divided by
the axial width (88) between 0.64 and 1.11 for
defining a natural frequency of the airfoil (68).
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