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(54) AIRFOIL WITH TIE MEMBER AND SPRING

(57) An airfoil (60) includes an airfoil section (66) that
has an internal cavity (68) and first and second endwall
sections (62, 64) between which the airfoil section (66)
is disposed. The first endwall section (62, 64) includes a
guide portion (78) that has a guide opening (88) flanked
by first and second bearing lands (82a, 82b). The first
bearing land (82a) is between the guide opening (80) and
a first port (84a) in the first endwall section (62) that opens
to the internal cavity (68) of the airfoil section (66). The
second bearing land (82b) is between the guide opening
(80) and a second port (84b) in the first endwall section
(62) that also opens to the internal cavity (68). A tie mem-
ber (86) extends through the internal cavity (68) and se-
cures the first and second endwall sections (62, 64) to-
gether to trap the airfoil section (66). The tie member (86)
extends through the guide opening (80) in the first end-
wall section (62). A spring member (88; 188) on the first
and second bearing lands (82a, 82b) tensions the tie
member (86).
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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.
[0003] A speed reduction device, such as an epicycli-
cal gear assembly, may be utilized to drive the fan section
such that the fan section may rotate at a speed different
than the turbine section. In such engine architectures, a
shaft driven by one of the turbine sections provides an
input to the epicyclical gear assembly that drives the fan
section at a reduced speed.

SUMMARY

[0004] An airfoil according to an example of the present
disclosure includes an airfoil section that has an internal
cavity and first and second endwall sections between
which the airfoil section is disposed. The first endwall
section includes a guide portion that has a guide opening
that is flanked by first and second bearing lands. The first
bearing land is disposed between the guide opening and
a first port in the first endwall section. The first port opens
to the internal cavity of the airfoil section, and the second
bearing land is disposed between the guide opening and
a second port in the first endwall section. The second
port opens to the internal cavity of the airfoil section.
There is a tie member that extends through the internal
cavity of the airfoil section and secures the first and sec-
ond endwall sections together to trap the airfoil section
there between. The tie member extends through the
guide opening in the first endwall section. A spring mem-
ber is disposed on the first and second bearing lands.
The spring member tensions the tie member.
[0005] In a further embodiment of any of the foregoing
embodiments, the first and second endwall sections are
metal and the airfoil section is ceramic.
[0006] In a further embodiment of any of the foregoing
embodiments, the spring member includes a mechanical

spring.
[0007] In a further embodiment of any of the foregoing
embodiments, the spring member includes a thermal
spring.
[0008] In a further embodiment of any of the foregoing
embodiments, the spring member includes a leaf spring.
[0009] A further embodiment of any of the foregoing
embodiments includes a cover having a base wall and a
pair of arms projecting from the base wall. The tie mem-
ber is secured to the base wall.
[0010] In a further embodiment of any of the foregoing
embodiments, the base wall and the arms define an in-
terior region, and the spring member is diposed in the
interior region.
[0011] In a further embodiment of any of the foregoing
embodiments, the spring member is spaced apart from
the arms.
[0012] In a further embodiment of any of the foregoing
embodiments, each of the arms includes a bearing sur-
face against which the spring member moves when com-
pressed.
[0013] In a further embodiment of any of the foregoing
embodiments, the first endwall section includes a seal
lip that fits into the airfoil section and seals the internal
cavity from an exterior of the airfoil section.
[0014] In a further embodiment of any of the foregoing
embodiments, the airfoil section includes a guide channel
in the internal cavity, through which the tie member ex-
tends.
[0015] A further embodiment of any of the foregoing
embodiments includes a cover having a base wall and a
pair of arms projecting from the base wall. The tie mem-
ber is secured to the base wall. The base wall and the
arms define an interior region. The first and second end-
wall sections are metal. The airfoil section is ceramic,
and the spring member includes a leaf spring diposed in
the interior region of the cover.
[0016] In a further embodiment of any of the foregoing
embodiments, each of the arms includes a bearing sur-
face against which the spring member moves when com-
pressed, and the first endwall section includes a seal lip
that fits into the airfoil section and seals the internal cavity
from an exterior of the airfoil section.
[0017] A gas turbine engine according to an example
of the present disclosure include a compressor section,
a combustor in fluid communication with the compressor
section, and a turbine section in fluid communication with
the combustor. One of the turbine section or the com-
pressor section includes an airfoil that has an airfoil sec-
tion that has an internal cavity and first and second end-
wall sections between which the airfoil section is dis-
posed. The first endwall section includes a guide portion
that has a guide opening that is flanked by first and sec-
ond bearing lands. The first bearing land is disposed be-
tween the guide opening and a first port in the first endwall
section. The first port opens to the internal cavity of the
airfoil section, and the second bearing land is disposed
between the guide opening and a second port in the first
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endwall section. The second port opens to the internal
cavity of the airfoil section. There is a tie member that
extends through the internal cavity of the airfoil section
and secures the first and second endwall sections to-
gether to trap the airfoil section there between. The tie
member extends through the guide opening in the first
endwall section. A spring member is disposed on the first
and second bearing lands. The spring member tensions
the tie member.
[0018] A further embodiment of any of the foregoing
embodiments includes a cover having a base wall and a
pair of arms projecting from the base wall. The tie mem-
ber is secured to the base wall. The base wall and the
arms define an interior region. The first and second end-
wall sections are metal. The airfoil section is ceramic,
and the spring member includes a leaf spring diposed in
the interior region of the cover.
[0019] In a further embodiment of any of the foregoing
embodiments, each of the arms includes a bearing sur-
face against which the spring member moves when com-
pressed, and the first endwall section includes a seal lip
that fits into the airfoil section and seals the internal cavity
from an exterior of the airfoil section.
[0020] An airfoil according to an example of the present
disclosure includes a ceramic airfoil section that has an
internal cavity, and first and second metal endwall sec-
tions between which the ceramic airfoil section is dis-
posed. The first metal endwall section includes a guide
portion that has a guide opening that is flanked by first
and second bearing lands. A seal lip fits into the ceramic
airfoil section and seals the internal cavity from an exte-
rior of the ceramic airfoil section. A metal tie member
extends through the internal cavity of the ceramic airfoil
section and secures the first and second metal endwall
sections together to trap the ceramic airfoil section there
between. The metal tie member extends through the
guide opening in the first metal endwall section, and a
spring member is disposed on the first and second bear-
ing lands. The spring member tensions the metal tie
member.
[0021] In a further embodiment of any of the foregoing
embodiments, the seal lip projects into the internal cavity.
[0022] In a further embodiment of any of the foregoing
embodiments, the ceramic airfoil section includes an ex-
terior surface and an interior surface, and the seal lip
abuts the interior suface.
[0023] A further embodiment of any of the foregoing
embodiments includes a cover having a base wall and a
pair of arms projecting from the base wall, wherein the
metal tie member is secured to the base wall, the base
wall and the arms define an interior region, the spring
member includes a leaf spring diposed in the interior re-
gion of the cover, and each of the arms includes a bearing
surface against which the spring member moves when
compressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] 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 airfoil from the gas
turbine engine of Figure 1.
Figure 3 illustrates an expanded view of the airfoil of
Figure 2.
Figure 4 illustrates a sectioned view of a portion of
the airfoil of Figure 2.
Figure 5 illustrates a modified example having a ther-
mal spring.

DETAILED DESCRIPTION

[0025] 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 engine designs
can include an augmentor section (not shown) among
other systems or features.
[0026] 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 communication 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 embod-
iment, the examples herein are not limited to use with
two-spool turbofans and may be applied to other types
of turbomachinery, including direct drive engine architec-
tures, three-spool engine architectures, and ground-
based turbines.
[0027] The 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 bearing 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 application.
[0028] 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.
[0029] The high speed spool 32 includes an outer shaft
50 that interconnects a second (or high) pressure com-
pressor 52 and a second (or high) pressure turbine 54.
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A combustor 56 is arranged between the high pressure
compressor 52 and the high pressure turbine 54. A mid-
turbine frame 57 of the engine static structure 36 is ar-
ranged generally between the high pressure turbine 54
and the low pressure turbine 46. The mid-turbine frame
57 further supports the 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 longitudinal axis A, which is collinear with
their longitudinal axes.
[0030] 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 57 includes air-
foils 59 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.
[0031] 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.
[0032] 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 (10.7 km). The flight condition of 0.8 Mach
and 35,000 ft (10.7 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 (°R
= K x 9/5). The "Low corrected fan tip speed" as disclosed
herein according to one non-limiting embodiment is less
than about 1150 ft / second (351 m/s).
[0033] In gas turbine engines air is often bled from the
compressor for cooling alloy components in the turbine
that cannot withstand stoichiometric ideal temperatures
of fuel burn; however, compressor bleed penalizes en-
gine efficiency. Efficiency is governed by thermodynam-
ics and mass flow through the turbine. Efficiency can gen-
erally be increased by lowering volume of compressor
bleed, increasing velocity of compressor bleed, or in-
creasing temperature of compressor bleed. These goals
are challenging to meet because compressor bleed relies
on the pressure differential between the compressor and
the turbine. That is, the goals of lower volume, increased
velocity, and increased temperature of compressor bleed
are generally opposite to the goals of high pressure and
low temperature compressor bleed desired for achieving
good pressure differential. In this regard, to facilitate
overcoming such challenges, an approach taken in this
disclosure is to reduce the need for compressor bleed
and cooling by enhancing the temperature resistance ca-
pability of the turbine or other components exposed to
high temperatures. In particular, thermal resistance can
be enhanced at the compressor exit and turbine inlet.
[0034] Figure 2 illustrates selected portions of one
such component, namely an airfoil 60. Figure 3 illustrates
an expanded view of the airfoil 60. For instance, the airfoil
60 can be a turbine vane, as represented at 60a in Figure
1, or a compressor vane, as represented at 60b in Figure
1. As will be appreciated, although the examples herein
are described in the context of a vane, this disclosure is
not limited to vanes, and the examples may also be ap-
plicable to blades or other airfoils.
[0035] In this example, the airfoil 60 includes first and
second endwall sections 62/64 and an airfoil section 66
that is positioned radially between the endwall sections
62/64. The airfoil section 66 defines an airfoil profile (AP),
which is the peripheral shape of the airfoil section 66
when viewed in a radial direction. For example, the airfoil
profile has a wing-like shape that provides a reaction
force via Bernoulli’s principle with regard to flow over the
airfoil section 66.
[0036] The airfoil profile (AP) generally includes a lead-
ing end (LE), a trailing end (TE), a pressure side (PS),
and a suction side (SS). For example, the leading end
(LE) is the region of the airfoil profile (AP) that includes
a leading edge of the airfoil profile (AP). The leading edge
may be the portion of the airfoil profile (AP) that first con-
tacts air or the foremost edge of the airfoil profile (AP).
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For a variable vane, the leading edge may shift, depend-
ing on the orientation of the vane. In the illustrated ex-
ample, the wall or walls 66a of the core structure 62 form
the leading end (LE), the trailing end (TE), and the suction
side (SS), and the panel 64a forms the pressure side
(PS) or a portion thereof. As will be appreciated, the panel
64a could alternatively form a different portion of the air-
foil profile (AP), or an additional panel or panels could be
used to form other portions of the airfoil profile (AP).
[0037] The airfoil section 66 is formed of one or more
walls 66a. The wall or walls 66a have an exterior surface
66a-1 and an interior surface 66a-2. The airfoil section
66 includes an internal cavity 68, which may be open or
divided into sub-cavities. The airfoil section 66 spans be-
tween first and second airfoil section ends 70/72 that in-
terlock with, respectively, the first and second endwall
sections 62/64 such that the airfoil section 66 is retained
there between.
[0038] At least the first endwall section 62 includes a
platform portion 74. In this example, the second endwall
section 64 also includes a platform portion 74. Together,
the platform portions form the inner and outer boundaries
of the core gas path. The platform portion 74 generally
encompasses a mounting portion 76. The mounting por-
tion 76 includes a guide portion 78 that has a guide open-
ing 80. The guide opening 80 is flanked (fore and aft) by
first and second bearing lands 82a/82b. The first bearing
land 82a is between the guide opening 80 and a first port
84a in the first endwall section 62. The first port 84a opens
to the internal cavity 68 of the airfoil section 66. The sec-
ond bearing land 82b is between the guide opening 80
and a second port 84b in the first endwall section 62. The
second port 84b also opens to the internal cavity 68 of
the airfoil section 66.
[0039] A tie member 86 extends through the internal
cavity 68 of the airfoil section 66 and secures the first
and second endwall sections 62/64 together to trap or
clamp the airfoil section 66 there between. The tie mem-
ber 86 extends through the guide opening 80 in the first
endwall section 62. In this example, the tie member 86
likewise extends through the guide opening in the second
endwall section 64, although the tie member 86 may be
secured to the second endwall section 64 by other fas-
tening techniques, such as but not limited to threaded
connection, bolted connection, weld, or the like. Option-
ally, the airfoil section 66 may include a guide channel
87 through which the tie member 86 is received. The
guide channel 87 may be defined by continuous side
walls that extend along the interior surface 66a-2 in the
internal cavity 68 of the airfoil section 66. Alternatively,
the guide channel 87 may be defined by two parallel rows
of projections that protrude from the interior surface 66a-
2 of the airfoil section 66. The guide channel 87 may be
used to properly align the tie member 86.
[0040] In the examples herein, the airfoil section 66
may be formed of ceramic, to provide thermal and/or en-
vironmental resistance. The ceramic may include, but is
not limited to, oxides, carbides, nitrides, borides, silicides,

and combinations thereof. A ceramic is a compound of
metallic or metalloid elements bonded with nonmetallic
elements or metalloid elements primarily in ionic or cov-
alent bonds. In further examples, the ceramic is a mon-
olithic ceramic or a ceramic matrix composite (CMC). For
example, a monolithic ceramic is composed of a single,
homogenous ceramic material. In comparison, a com-
posite is composed of two or more materials that are
individually easily distinguishable. A CMC has a rein-
forcement phase, such as ceramic or carbon fibers, dis-
persed in a ceramic matrix formed of oxides, carbides,
nitrides, borides, silicides, or combinations thereof.
[0041] The airfoil section 66 may additionally or alter-
natively be coated with a thermal and/or environmental
barrier ceramic coating, such as but not limited to a seg-
mented barrier coating. As an example, the ceramic coat-
ing may include or may be oxides, carbides, nitrides, bo-
rides, silicides, or combinations thereof. In further exam-
ples, the ceramic coating may be or may include yttria
stabilized with zirconia, hafnia, and/or gadolinia, gado-
linia zirconate, molybdate, alumina, or combinations
thereof.
[0042] The endwall sections 62/64 and the tie member
86 may be formed of a metal, such as an alloy. Example
alloys may include, but are not limited to, nickel alloys,
cobalt alloys, a nickel alloy coated with cobalt or cobalt
alloy, or a non-nickel alloys that do not substantially react
with ceramic.
[0043] A spring member 88 is disposed on the first and
second bearing lands 82a/82b. The spring member 88
tensions the tie member 86 and, in particular, accommo-
dates the differences in coefficient of thermal expansion
of the endwall sections 62/64, the airfoil section 66, and
the tie member 86 due to the use of the ceramic and
metal for these components. Over the range of temper-
atures that the airfoil 60 is exposed during use, the dif-
ference in coefficient of thermal expansion may cause
one or more of these components to grow or shrink more
than another of the components. Such a difference in
growth or shrinkage may loosen the clamping force pro-
vided by the tie member 86 or exert an undue amount of
force on one or more of the components. In this regard,
the spring member 88 expands or contracts to keep the
tie member 86 under tension by taking up the difference
in thermal growth/shrinkage. Thus, the spring member
88 maintains a proper clamping tension over the range
of temperatures that the airfoil 60 is exposed during use.
[0044] Figure 4 illustrates a sectioned view through a
portion of the mounting portion 76 of the first endwall
section 62. In this example, the tie member 86 extends
through the guide opening 80 and is secured to a cover
90. For instance, the tie member 86 includes a tang 86a
that is bonded, such as by welding or brazing, to the cover
90. The cover 90 includes a base wall 90a and a pair of
arms 90b that project from the base wall 90a. The base
wall 90a and the arms 90b define an interior region 90c
in which the spring member 88 is disposed.
[0045] In this example, the spring member 88 is a me-
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chanical spring and, specifically is a leaf spring. The
spring member 88 includes one or more leaves 88a that
abut or bear against the bearing lands 82a/82b over a
bearing interface (I). The spring member 88 slides along
the bearing lands 82a/82b upon compression and con-
traction of the spring member 88.
[0046] In this example, the spring member 88 (at rest
or in a contracted state) is spaced apart from arms 90b
such that there is a defined gap G between the tips of
the leaf 88a and bearing surfaces 90d of the arms 90b.
Upon compression of the spring member 88, the leaf 88a
expands outwards such that the opposed tips of the leaf
88a spread apart. The leaf 88a can be compressed, and
thus expanded, until the tips of the leaf 88a contact the
bearing surfaces 90d of the arms 90b. The arms 90b stop
the leaf 88a from expanding further. The cover 90 thus
serves as a stop for the spring member 88 and can thus
be used to tailor the response of the spring member 88.
Alternatively, the thickness, and thus flexibility, of the
arms 90b can be altered such that the arms 90b serve
as a secondary spring that modifies the spring response.
For instance, there is a first spring response dictated by
the spring constant of the spring member 88 prior to con-
tacting the arms 90b. Upon contacting the arms 90b,
there is a second spring rate dictated by the different
spring constant of the arms 90b.
[0047] The cover 90 may also serve as a thermal bar-
rier, to shield the spring member 88 and tie member 86
from thermal transients. Although the cover 90 may be
used to serve these described functions, modified exam-
ples may exclude the cover 90 in favor of a fastener, such
as a nut, or other securing attachment to the tie member
86.
[0048] The view in Figure 4 also shows a seal lip 92 of
the first endwall section 62 (an equivalent seal lip 92 is
also shown on the second endwall section 64 in Figure
3). The seal lip 92 generally has the same airfoil profile
as the airfoil section 66, but is smaller such that the seal
lip 92 fits into the airfoil section 66. For example, as
shown, the seal lip 92 projects into the internal cavity 68
in the airfoil section 66 and seal with the interior surface
66a-2 of the wall 66a of the airfoil section 66. For example,
the seal lip 92 may abut the interior surface 66a-2 along
an interface CI, although there may be some space be-
tween the seal lip 92 and the interior surface 66a-2 to
accommodate fabrication tolerances and thermal
growth/shrinkage. The seal lip 92 and the end 70 of the
airfoil section 66 thus form a shiplap seal which seals the
internal cavity 68 of the airfoil section 66 from the exterior
core gas path C.
[0049] Figure 5 illustrates a modified example in which
the airfoil 60 includes spring member 188. In this exam-
ple, the spring member 188 is a thermal spring rather
than a mechanical spring. For instance, the spring mem-
ber 188 is configured to thermally grow and shrink over
the exposure temperature range of interest in substan-
tially equal amount as the tie member 86. In one example,
the coefficients of thermal expansion of the spring mem-

ber 188 and the tie member may be substantially equal.
In another example, due to the difference in size of the
spring member 188 and the tie member 96, the coeffi-
cients are selected to be different to account for the size
difference. The spring member 188 thus expands or con-
tracts in a similar absolute amount to the to keep the tie
member 86 under tension by taking up the difference in
thermal growth/shrinkage between the tie member 86,
the endwall sections 62/64, and the airfoil section 66.
[0050] 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.
[0051] 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 this
disclosure. The scope of legal protection given to this
disclosure can only be determined by studying the fol-
lowing claims.

Claims

1. An airfoil (60) comprising:

an airfoil section (66) including an internal cavity
(68);
first and second endwall sections (62, 64) be-
tween which the airfoil section (66) is disposed,
the first endwall section (62) including a guide
portion (78) having a guide opening (80) that is
flanked by first and second bearing lands (82a,
82b), the first bearing land (82a) being disposed
between the guide opening (80) and a first port
(84a) in the first endwall section (62), the first
port (84a) opening to the internal cavity (68) of
the airfoil section (66), and the second bearing
land (82b) being disposed between the guide
opening (80) and a second port (84b) in the first
endwall section (62), the second port (84b)
opening to the internal cavity (68) of the airfoil
section (66);
a tie member (86) extending through the internal
cavity (68) of the airfoil section (66) and securing
the first and second endwall sections (62, 64)
together to trap the airfoil section (66) therebe-
tween, the tie member (86) extending through
the guide opening (80) in the first endwall section
(62); and
a spring member (88; 188) disposed on the first
and second bearing lands (82a, 82b), the spring
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member (88; 188) tensioning the tie member
(86).

2. The airfoil (60) as recited in claim 1, wherein the first
and second endwall sections (62, 64) are metal and
the airfoil section (66) is ceramic.

3. The airfoil (60) as recited in claim 1 or 2, wherein the
spring member (88; 188) includes a mechanical
spring (88), for example, a leaf spring (88).

4. The airfoil (60) as recited in claim 1 or 2, wherein the
spring member (88; 188) includes a thermal spring
(188).

5. The airfoil (60) as recited in claim 1, 2 or 3, further
comprising a cover (80) having a base wall (90a) and
a pair of arms (90b) projecting from the base wall
(90a), wherein the tie member (86) is secured to the
base wall (90a).

6. The airfoil (60) as recited in claim 5, wherein the base
wall (90a) and the arms (90b) define an interior re-
gion (80c), and the spring member (88; 188) is di-
posed in the interior region (90c).

7. The airfoil (60) as recited in claim 5 or 6, wherein the
spring member 988; 188) is spaced apart from the
arms (90b).

8. The airfoil (60) as recited in claim 5, 6 or 7, wherein
each of the arms (90b) includes a bearing surface
(90d) against which the spring member (88; 188)
moves when compressed.

9. The airfoil (60) as recited in any preceding claim,
wherein the first endwall section (62) includes a seal
lip (92) that fits into the airfoil section (66) and seals
the internal cavity (68) from an exterior of the airfoil
section (66).

10. The airfoil (60) as recited in any preceding claim,
wherein the airfoil section (66) includes a guide chan-
nel (87) in the internal cavity (68), through which the
tie member (86) extends.

11. A gas turbine engine (20) comprising:

a compressor section (24);
a combustor (56) in fluid communication with the
compressor section (24); and
a turbine section (28) in fluid communication with
the combustor (56), at least one of the turbine
section (28) or the compressor section (24) in-
cluding an airfoil (60) according to any preceding
claim.

12. An airfoil (60) comprising:

a ceramic airfoil section (66) including an inter-
nal cavity (68);
first and second metal endwall sections (62, 64)
between which the ceramic airfoil section (66)
is disposed, the first metal endwall section (62)
including
a guide portion (78) having a guide opening (80)
that is flanked by first and second bearing lands
(82a, 82b), and
a seal lip (92) that fits into the ceramic airfoil
section (66) and seals the internal cavity (68)
from an exterior of the ceramic airfoil section
(66);
a metal tie member (86) extending through the
internal cavity (68) of the ceramic airfoil section
(66) and securing the first and second metal
endwall sections (62, 64) together to trap the
ceramic airfoil section (66) therebetween, the
metal tie member (86) extending through the
guide opening (80) in the first metal endwall sec-
tion (62); and
a spring member (88; 188) disposed on the first
and second bearing lands (82a, 82b), the spring
member (88; 188) tensioning the metal tie mem-
ber (86).

13. The airfoil (60) as recited in claim 12, wherein the
seal lip (92) projects into the internal cavity (68).

14. The airfoil (60) as recited in claim 12 or 13, wherein
the ceramic airfoil section (66) includes an exterior
surface (66a-1) and an interior surface (66a-2), and
the seal lip (92) abuts the interior suface (66a-2).

15. The airfoil (60) as recited in claim 12, 13 or 14, further
comprinsing a cover (90) having a base wall (90a)
and a pair of arms (90b) projecting from the base
wall (90a), wherein the metal tie member (86) is se-
cured to the base wall (90a), the base wall (90a) and
the arms (90b) define an interior region (90c), the
spring member (88; 188) includes a leaf spring (88)
diposed in the interior region (90c) of the cover (90),
and each of the arms (90b) includes a bearing sur-
face (90d) against which the spring member (88)
moves when compressed.
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