wo 2015/047445 A2 I} 1001 0000 YO O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

2 April 2015 (02.04.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/047445 A2

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

International Patent Classification:
FO01D 5/28 (2006.01) FO1D 5/30 (2006.01)

International Application Number:
PCT/US2013/078467

International Filing Date:
31 December 2013 (31.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/772,805 5 March 2013 (05.03.2013) US

Inventors; and

Applicants : FREEMAN, Ted J. [US/US]; 4541 Gibbs
Road, Danville, Indiana 46122 (US). LAZUR, Andrew J.
[US/US]; 9582 Jura Drive, Huntington Beach, California
92646 (US). CHAMBERLAIN, Adam L. [US/US]; 3471
East Centenary Road, Mooresville, Indiana 46158 (US).

Agents: SWEENLEY II, James R. et al.; Barnes & Thorm-
burg, 11 South Meridian Street, Indianapolis, Indiana
46204 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: COMPOSITE GAS TURBINE ENGINE BLADE HAVING MULTIPLE AIRFOILS

(57) Abstract: An apparatus includes a composite gas turbine engine
multi-airfoil blade (10) that includes first and second circumferentially

spaced adjacent composite airfoils (12) coupled together via a common
composite attachment (18). The common attachment (18) does not em-
ploy a fastener. The composite multi-airfoil blade(10) may have a unit-
ary construction having a ceramic matrix composition.



WO 2015/047445 PCT/US2013/078467

-

COMPOSITE GAS TURBINE ENGINE BLADE
HAVING MULTIPLE AIRFOILS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit U.S. Provisional Patent
Application Number 61/772,805, filed on March 5, 2013, the disclosure of which is now
expressly incorporated herein by reference.

TECHICAL FIELD
[0002] The present application relates to composite gas turbine engine blades

and more particularly, but not exclusively, to blades having multiple airfoils.

BACKGROUND

[0003] Providing for the attachment of composite gas turbine engine blades to
rotor members remains an area of interest. Some existing systems have various
shortcomings, drawbacks, and disadvantages relative to certain applications.

Accordingly, there remains a need for further contributions in this area of technology.

SUMMARY

[0004] The present application discloses one or more of the features recited in
the appended claims and/or the following features which, alone or in any combination,
may comprise patentable subject matter.

[0005] One embodiment of the present application is a unique composite gas
turbine engine blade having multiple airfoils coupled together via a single attachment.
Other embodiments include unique methods, systems, devices, and apparatus to
provide for space saving in the gas turbine engine rotor and/or improved stiffness to
the turbine blade. Further embodiments, forms, objects, aspects, benefits, features,
and advantages of the present application shall become apparent from the description
and figures provided herewith.

[0006] An apparatus may comprise a composite gas turbine engine multi-airfoil
blade. The composite gas turbine engine multi-airfoil blade may include first and

second circumferentially spaced adjacent composite airfoils coupled together via a
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common composite attachment. The common composite attachment may not employ
a fastener.

[0007] In some embodiments, each of the first and second circumferentially
spaced adjacent composite airfoils includes a radially outer portion and a radially inner
portion, the radially inner portions being coupled together via the common composite
attachment.

[0008] In some embodiments, the composite gas turbine engine multi-airfoil
blade comprises a unitary construction comprising ceramic matrix composite.

[0009] In some embodiments, the common composite attachment includes a
root member having a circumferential span less than that of the circumferential span
between the first and second circumferentially spaced adjacent composite airfoils.
[0010] In some embodiments, the apparatus further comprises a structure
having substantially a box shape in axial cross-section, the structure including
circumferentially spaced walls that form the first and second circumferentially spaced
adjacent composite airfoils.

[0011] In some embodiments, the structure includes a radially outer wall that
forms a tip shroud that couples radially outer portions of the first and second
circumferentially spaced adjacent composite airfoils.

[0012] In some embodiments, the structure includes a radially inner wall that
forms a radially outer portion of the common composite attachment.

[0013] In some embodiments, the radially inner wall of the structure forms
platform portions that project circumferentially in opposite directions from the radially
outer portion of the common composite attachment.

[0014] An apparatus may comprise a gas turbine engine airflow directing
component having a composite material composition. The gas turbine engine airflow
directing component may include a plurality of elongate composite airfoil members that
share a single common composite stalk. The single common composite stalk may
have a lobed attachment for insertion into a receptacle of a wheel of a gas turbine
engine that prevents motion of the lobed attachment transverse to an insertion
direction.

[0015] In some embodiments, the lobed attachment has a dovetail shape in

cross-section or a fir tree shape in cross section.
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[0016] In some embodiments, the composite material composition comprises a
ceramic matrix composite.
[0017] In some embodiments, the apparatus further comprises a platform that is

connected to at least one of the single common composite stalk and the plurality of
elongate composite airfoil members.

[0018] In some embodiments, the platform is integral with the at least one of the
single common composite stalk and the plurality of elongate composite airfoil
members.

[0019] In some embodiments, a tip shroud connected to radially outer portions
of the plurality of elongate composite airfoil members.

[0020] In some embodiments, the tip shroud is integral with the radially outer
portions of the plurality of elongate composite airfoil members.

[0021] In some embodiments, the lobed attachment of the single common
composite stalk is captured in the receptacle of the wheel.

[0022] A method of assembling a gas turbine engine airfoil to a gas turbine
engine rotor may comprise providing a rotor defining a slot having a relatively narrow
upper portion and a relatively wide lower portion, providing a gas turbine engine airfoil
including multiple blades coupled to a common attachment root, wherein the common
attachment root corresponds in shape to the slot of the rotor, and attaching the gas
turbine engine airfoil to the rotor by inserting the common attachment root of the gas
turbine engine airfoil into the slot of the rotor.

[0023] In some embodiments, the providing the gas turbine engine airfoil
comprises providing shroud portions projecting circumferentially outward from radially
outer portions of the multiple blades.

[0024] In some embodiments, the providing the gas turbine engine airfoil
comprises providing platform portions projecting circumferentially outward from the
common attachment root.

[0025] In some embodiments, the common attachment root is one of a fir tree
and a dovetail.

[0026] These and other features of the present disclosure will become more

apparent from the following description of the illustrative embodiments.

BRIEF DESCRIPTION OF THE FIGURES
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[0027] Features of the application will be better understood from the following
detailed description when considered in reference to the accompanying drawings, in
which:

[0028] Fig. 1 shows a composite gas turbine engine including a turbine blade
according to an embodiment;

[0029] Fig. 2 is an axial cross-sectional view of a composite turbine blade
according to an embodiment; and

[0030] Fig. 3 is an axial cross-sectional view of a composite turbine blade

according to an embodiment.

DETAILED DESCRIPTION OF REPRESENTATIVE EMBODIMENTS

[0031] For the purposes of promoting an understanding of the principles of the
disclosure, reference will now be made to a number of illustrative embodiments
illustrated in the drawings and specific language will be used to describe the same.
[0032] While the present invention can take many different forms, for the
purpose of promoting an understanding of the principles of the invention, reference will
now be made to the embodiments illustrated in the drawing and specific language will
be used to describe the same. It will nevertheless be understood that no limitation of
the scope of the invention is thereby intended. Any alterations and further
modifications of the described embodiments, and any further applications of the
principles of the invention as described herein, are contemplated as would normally
occur to one skilled in the art to which the invention relates.

[0033] With reference to Fig. 1, there is illustrated a schematic representation of
one form of an aircraft gas turbine engine 2 used as a powerplant for an aircraft. As
used herein, the term “aircraft” includes, but is not limited to, helicopters, airplanes,
unmanned space vehicles, fixed wing vehicles, variable wing vehicles, rotary wing
vehicles, unmanned combat aerial vehicles, tailless aircraft, hover crafts, and other
airborne and/or extraterrestrial (spacecraft) vehicles. Further, the present disclosure is
contemplated for utilization in other applications that may not be coupled with an
aircraft such as, for example, industrial applications, power generation, pumping sets,
naval propulsion and other applications known to one of ordinary skill in the art.

[0034] The gas turbine engine 2 includes a compressor section 4, a combustion

section 6, and a turbine section 8. The as-shown gas turbine engine 2 comprises a
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single spool engine. As will be appreciated, the gas turbine engine 2 is not limited to
the configuration shown in Fig. 1, and other embodiments are contemplated. For
example, the gas turbine engine 2 can comprise a multi-spool engine, a high bypass
ratio (BPR) engine, an engine having a low pressure (LP) spool, an engine having a
high number of blades in the later stages of its LP turbine, among others. In other
embodiments, the gas turbine engine 2 may have other configurations suited to the
particular application of the aircraft.

[0035] The turbine section 8 includes a rotor (not shown) and a plurality of
composite turbine blades 10 attached thereto. A composite turbine blade 10 according
to an embodiment is shown in Fig. 2, which is a cross-section of the composite turbine
blade 10 as viewed in a plane perpendicular to the axis of the gas turbine engine 2. As
will be appreciated, the composite turbine blade 10 described herein is not limited to
use in the turbine section 8 of the gas turbine engine 2 and/or to use as a blade. Other
applications and sections of the gas turbine engine 2 are also contemplated herein.
For example, the composite turbine blade 10 may be used in the compressor section 4
and/or the turbine section 8 of the gas turbine engine 2, and/or may be used in a rotor
or stator, and/or as a blade or a vane.

[0036] In the illustrated embodiment, the composite turbine blade 10 includes
first and second circumferentially spaced radially extending adjacent airfoils 12. The
composite turbine blade 10 is not limited to a two airfoil construction and other multi-
airfoil constructions are contemplated; for example a three airfoil construction or other
multi-airfoil construction may be suitable for a gas turbine engine application. The
composite turbine blade 10 further includes a circumferentially extending tip shroud 14,
a circumferentially extending platform 16, and a single attachment section 18 located
radially inward of the airfoils 12 for attaching the composite turbine blade 10 to a rotor,
for example. In one form, the tip shroud 14 circumferentially abuts the tip shrouds of
adjacent turbine blades, and the platform 16 circumferentially abuts the platforms of
adjacent turbine blades. It is contemplated that the composite turbine blade 10
discussed herein may be implemented without the tip shroud 14 and/or the platform
16, as described in greater detail below.

[0037] The attachment section 18 includes a radially outer portion that is
coupled to the two adjacent airfoils 12 and a radially inner portion root. The root fits in

a correspondingly shaped slot in a rotor of the gas turbine engine 2 to couple the
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composite turbine blade 10 to the rotor. The rotor has a plurality of such slots spaced
about its circumference and extending axially through the rotor. The slots receive the
corresponding roots of the attachment sections 18 of the composite turbine blades 10.
The composite turbine blades 10 may thus be inserted slidably into and removed from
the rotor via the roots of the attachment sections 18.

[0038] The adjacent airfoils 12 are coupled commonly to the radially outer
portion of the attachment section 18, and thus only a single attachment section 18 is
used for supporting the adjacent airfoils 12. Since the composite turbine blade 10 may
have two adjacent airfoils 12 on a single attachment section 18 that is only slightly
larger than an attachment typically required for a single airfoil, this common attachment
feature may result in a space and/or weight savings in the rotor of the turbine section 8
of the gas turbine engine 2. In the Fig. 2 embodiment, for example, space savings is
provided by the root of the attachment section 18 having a circumferential span that is
less than the circumferential span between the adjacent airfoils 12. The space savings
can be utilized, for example, for attachments in the rotor and/or to increase the blade
count in the turbine section 8 if necessary or desired.

[0039] As will be appreciated, the attachment section 18 of the illustrated
embodiment does not employ a fastener such as a nut and bolt pair. Rather, as shown
for example in Fig. 2, the attachment section 18 provides the radially inner portion, or
root, that is axially slidable within a slot of the rotor. The construction of the radially
inner portion, or root, is such that the root need not include any provisions for a
fastener. The root can have a relatively narrow portion 18a and a relatively wide
portion 18b so that when the root is inserted into a correspondingly shaped slot in the
rotor, the rotor prevents motion of the composite turbine blade 10 transverse to the
insertion direction that is radially outward from the axis of the gas turbine engine 2. In
the Fig. 2 embodiment, the root has a single lobe dovetail shape in cross-section
although other shapes such as, but not necessarily limited to, a multi-lobed fir tree
shape are also contemplated.

[0040] The composite turbine blade 10 may have a one-piece unitary
configuration for ease of manufacture and strength. This unitary configuration may
include for example a box-like structure 20 as shown in Fig. 2 that includes a pair of
circumferentially spaced walls 24 that form the two adjacent airfoils 12, a radially outer
wall 22 that couples the radially outer portions of the two adjacent airfoils 12, and a
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radially inner wall 26 that couples the radially inner portions of the two adjacent airfoils
12 and forms the radially outer portion of the attachment section 18. In the
embodiment shown in Fig. 2, the radially outer wall 22 also forms the tip shroud
portions 14a, 14b that project circumferentially in opposite directions from the radially
outer portions of the two adjacent airfoils 12, and the radially inner wall 26 also forms
platform portions 16a, 16b that project circumferentially in opposite directions from the
radially inner portions of the two adjacent airfoils 12, that is in opposite directions from
the radially outer portion of the attachment section 18.

[0041] The integral construction of the composite turbine blade 10 can be
accomplished in any of a variety of ways. The choice of material and process may
depend on for example the location in the gas turbine engine 2 and/or the temperature
of the gas turbine engine application. In one form, the composite turbine blade 10 can
be fabricated from a polymer matrix composite; in another form, the composite turbine
blade 10 can be fabricate from a ceramic matrix composite. Thus, for example, Fig. 3
shows the composite turbine blade 10 in the form of a ceramic matrix composite in
which the lines 32 represent for example one or more plies of fabric. In the CMC
process of manufacturing the composite turbine blade 10, a suitable technique such as
polymer immersion pyrolysis (PIP) or chemical vapor infiltration (CVI) may be used.
The reinforcement fabric in the CMC may be a ceramic material. In one form, the
reinforcement fabric comprises silicon carbide.

[0042] The box-like structure 20 provides a stiffening function to the composite
turbine blade 10, as it includes a single outer wall 22, or a single tip shroud 14 as in the
illustrated embodiment, that couples the radially outer portions of the two adjacent
airfoils 12. In an embodiment, this coupling of the radially outer portions of the two
adjacent airfoils 12 is stiffer than for example a single airfoil having a tip shroud that
locks-up with the airfoils that are circumferentially adjacent to it. Further, in an
embodiment, the two adjacent airfoils 12 can be coupled together by the common
outer wall 22, or the common tip shroud 14 as illustrated, so as to raise the modal
frequencies and/or eliminate some modes.

[0043] As illustrated, the airfoils 12, tip shroud 14, platform 16, and attachment
section 18, can be integrally formed to comprise a unitary member composite turbine
blade 10. However, the unitary member composite turbine blade 10 can alternatively

have components that attach to the composite turbine blade 10. For example, the tip
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shroud 14 can be a component that attaches to the radially outer portions, or tips, of
the adjacent airfoils 12, and/or to the radially outer wall 22 of the box-like structure 20
of the composite turbine blade 10, to form the composite turbine blade 10. Likewise,
the platform 16 may be a component that attaches to the radially inner portions of the
airfoils 12 and/or the radially outer portion of the attachment section 18 of the
composite turbine blade 10, to form the composite turbine blade 10. In an additional or
alternative embodiment, the platform 16 is separate from and not coupled to the
radially inner portions of the airfoils 12 and/or the radially outer portion of the
attachment section 18 of the composite turbine blade 10; thus, the platform 16 has its
own means of attachment to the rotor, for example via its own root, and can be
disposed for example between circumferentially adjacent composite turbine blades 10.
In an additional or alternative embodiment, the composite turbine blade 10 has a
radially outer wall 22 but no tip shroud 14; or neither a tip shroud 14 nor a radially outer
wall 22. In a further embodiment, the composite turbine blade 10 may include the
adjacent airfoils 12 and the attachment section 18, but have neither a tip shroud 14 nor
a platform 16.

[0044] Any theory, mechanism of operation, proof, or finding stated herein is
meant to further enhance understanding of embodiment of the present invention and is
not intended to make the present invention in any way dependent upon such theory,
mechanism of operation, proof, or finding. In reading the claims, it is intended that

when words such as “a,” “an,” “at least one,” or “at least one portion” are used there is
no intention to limit the claim to only one item unless specifically stated to the contrary
in the claim. Further, when the language “at least a portion” and/or “a portion” is used
the item can include a portion and/or the entire item unless specifically stated to the
contrary.

[0045] While embodiments of the invention have been illustrated and described
in detail in the drawings and foregoing description, the same is to be considered as
illustrative and not restrictive in character, it being understood that only the selected
embodiments have been shown and described and that all changes, modifications and
equivalents that come within the spirit of the invention as defined herein of by any of
the following claims are desired to be protected. It should also be understood that
while the use of words such as preferable, preferably, preferred or more preferred

utilized in the description above indicate that the feature so described may be more
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desirable, it nonetheless may not be necessary and embodiments lacking the same
may be contemplated as within the scope of the invention, the scope being defined by
the claims that follow.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a composite gas turbine engine multi-airfoil blade;

wherein the composite gas turbine engine multi-airfoil blade includes first
and second circumferentially spaced adjacent composite airfoils coupled together via a
common composite attachment;

wherein the common composite attachment does not employ a fastener.

2. The apparatus of claim 1, in which each of the first and second
circumferentially spaced adjacent composite airfoils includes a radially outer portion
and a radially inner portion, the radially inner portions being coupled together via the
common composite attachment.

3. The apparatus of claim 1 in which the composite gas turbine
engine multi-airfoil blade comprises a unitary construction comprising ceramic matrix
composite.

4. The apparatus of claim 1 in which the common composite
attachment includes a root member having a circumferential span less than that of the
circumferential span between the first and second circumferentially spaced adjacent
composite airfoils.

5. The apparatus of claim 1 comprising a structure having
substantially a box shape in axial cross-section, the structure including
circumferentially spaced walls that form the first and second circumferentially spaced
adjacent composite airfoils.

6. The apparatus of claim 5 in which the structure includes a radially
outer wall that forms a tip shroud that couples radially outer portions of the first and
second circumferentially spaced adjacent composite airfoils.

7. The apparatus of claim 5 in which the structure includes a radially
inner wall that forms a radially outer portion of the common composite attachment.

8. The apparatus of claim 7 in which the radially inner wall of the
structure forms platform portions that project circumferentially in opposite directions
from the radially outer portion of the common composite attachment.

9. An apparatus comprising:
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a gas turbine engine airflow directing component having a composite
material composition,

the gas turbine engine airflow directing component including a plurality of
elongate composite airfoil members that share a single common composite stalk,

wherein the single common composite stalk has a lobed attachment for
insertion into a receptacle of a wheel of a gas turbine engine that prevents motion of
the lobed attachment transverse to an insertion direction.

10.  The apparatus of claim 9 in which the lobed attachment has a
dovetail shape in cross-section or a fir tree shape in cross section.

11.  The apparatus of claim 9 in which the composite material
composition comprises a ceramic matrix composite.

12.  The apparatus of claim 9 comprising a platform that is connected
to at least one of the single common composite stalk and the plurality of elongate
composite airfoil members.

13.  The apparatus of claim 12 in which the platform is integral with the
at least one of the single common composite stalk and the plurality of elongate
composite airfoil members.

14.  The apparatus of claim 9 comprising a tip shroud connected to
radially outer portions of the plurality of elongate composite airfoil members.

15.  The apparatus of claim 14 in which the tip shroud is integral with
the radially outer portions of the plurality of elongate composite airfoil members.

16.  The apparatus of claim 9, wherein the lobed attachment of the
single common composite stalk is captured in the receptacle of the wheel.

17. A method of assembling a gas turbine engine airfoil to a gas
turbine engine rotor, comprising:

providing a rotor defining a slot having a relatively narrow upper portion
and a relatively wide lower portion;

providing a gas turbine engine airfoil including multiple blades coupled to
a common attachment root, wherein the common attachment root corresponds in
shape to the slot of the rotor; and

attaching the gas turbine engine airfoil to the rotor by inserting the
common attachment root of the gas turbine engine airfoil into the slot of the rotor.
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18.  The method of claim 17 in which the providing the gas turbine
engine airfoil comprises providing shroud portions projecting circumferentially outward
from radially outer portions of the multiple blades.

19.  The method of claim 17 in which the providing the gas turbine
engine airfoil comprises providing platform portions projecting circumferentially
outward from the common attachment root.

20. The method of claim 17, wherein the common attachment root is
one of a fir tree and a dovetail.
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