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(57) Abstract: In accordance with one aspect of the disclosure, a fan section

1te.

FIG. 3

for a gas turbine engine is disclosed. The fan may include a rotor disk and a
plurality of airfoils fixedly attached to and supported by the rotor disk as a
single unitary piece. The airfoils may extend radially outward from the rotor
disk with respect to an engine axis. The rotor disk may be made of metal and
the airfoils may each be made at least partially of an organic matrix compos-
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Low Speed Fan for Gas Turbine Engines

Field of the Disclosure

[0001] The present disclosure generally relates to gas turbine engines and, more

specifically, to fans for gas turbine engines.

Backeround of the Disclosure

[0002] A gas turbine engine, typically used as a source of propulsion in aircraft,
operates by drawing in ambient air, combusting that air with a fuel, and then forcing
the exhaust from the combustion process out of the engine. A fan and compressor
section rotate to draw in and compress the ambient air. In many engines, a large
portion of the air passing the fan does not flow to the compressor section, but instead
bypasses the core of the engine. This bypass flow can generate a significant portion
of the total thrust of the engine. On the other hand, the air flowing into the
compressor section, the core flow, is compressed and then flows into the combustor
section. A portion of the core air flow is used for cooling purposes, while the rest is
mixed with a fuel and combusted.

[0003] The products of the combustion then travel out of the combustor as exhaust
and through a turbine section. The turbine section is forced to rotate as the exhaust
expands through the turbine section. The turbine section, fan, and compressor section
are connected by an engine shaft running through the center of the engine. In a multi-

spool engine there are a plurality of concentrically mounted engine shafts connecting
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the compressor and turbine sections. Thus, as the turbine section rotates and extracts
work from the exhaust, the fan and corresponding compressor section rotate to bring
in and compress new air.

[0004] As engine technology progresses, particularly with the advent of geared
turbofan engines, larger fans are being developed to increase the ratio between the
bypass flow and the core flow. However, as these fans increase in size, the weight of
the fan is also increasing. When used in conjunction with aircraft, increasing the
weight of the engine decreases the overall efficiency of the air vehicle system as more
of the thrust is used to offset the induced drag from additional engine weight, and less
is available for the aircraft to use in transporting passengers or cargo.

[0005] Prior art fans attempt to reduce the weight of the fan by many different
means. These include hollow mechanically attached airfoils and integrally bladed
rotors (IBRs) also referred to as bladed disks or “blisks” which have unitary metal
blades radially extending from a metal disk, such as in United States Patent Number
7,334,997 B2. Each concept has limitations relative to the ability to deliver reduced
weight as bypass ratio increases in the pursuit of improved propulsive efficiency and
reduced noise for subsonic aircraft. Therefore, a need exists for large diameter fans
for gas turbine engines which have a reduced weight compared with the prior art fans

in order to function in typical aerospace applications.

Summary of the Disclosure

[0000] In accordance with one aspect of the disclosure, a fan section for a gas

turbine engine is disclosed. The fan may include a rotor disk made of metal and a
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plurality of airfoils fixedly attached to and supported by the rotor disk as a single
unitary piece. The airfoils may extend radially outward from the rotor disk with
respect to an engine axis. The airfoils may each be made at least partially of an
organic matrix composite.

[0007] In a refinement, the fan section may further include a plurality of collars,
each collar being bonded to the rotor disk and fixedly attaching one of the plurality of
airfoils to the rotor disk. In another refinement, each collar may be made of one of
aluminum and titanium.

[0008] In another refinement, the fan section may further a plurality of shear
lugs, each shear lug extending through one of the collars and one of the airfoils.
[0009] In further refinement, the airfoil includes a body and an edge extending
radially along the body, the body may be formed from the organic matrix composite
and the edge may be formed from a metallic material.

[0010] In yet another refinement, the airfoils include a body and an edge
extending radially along the body. The body may be formed from a first metallic
material and the edge may be formed from a second metallic material.

[0011] In a further refinement, the airfoils may further include a side panel, where
the side panel may be formed from an organic matrix composite.

[0012] In yet another refinement, the fan section may further include a partial-
span shroud connecting adjacent airfoils. The partial-span shroud may extend from a
point on each airfoil located between a base and a tip of the airfoil to a similar point

on adjacent airfoils.
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[0013] In a further refinement, the partial-span shroud may be one of cast, fixedly
attached, and fabricated as one unitary piece with the airfoils.

[0014] In still another refinement, the fan may further include a tip shroud
connecting adjacent airfoils at a tip of each airfoil.

[0015] In a further refinement, the tip shroud may be one of cast, fixedly attached,
and fabricated as one unitary piece with the airfoils.

[0016] In another further refinement, the fan may further include an outer-span
blade fixedly attached to at least one of the tip of the airfoil and the tip shroud,
wherein the outer-span blade is one of cast, fixedly attached, and fabricated as one
unitary piece with the airfoils.

[0017] In yet a further refinement, the fan section rotates at a maximum speed of
about 1050 feet per second or less.

[0018] In accordance with another aspect of the present disclosure, a gas turbine
engine is disclosed. The engine may include a fan section having a rotor disk made of
metal and a plurality of radially outwardly extending airfoils with respect to an engine
axis. The airfoils may be fixedly attached to and supported by the rotor disk. The
airfoils may be made at least partially of an organic matrix composite. The engine
may further include a compressor section downstream from the fan section, a
combustor downstream from the compressor section, and a turbine section
downstream from the combustor. The turbine section may be in mechanical

communication with the fan section and compressor section via an engine shaft.
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[0019] In another refinement, the engine may further include a plurality of collars
each being bonded to the rotor disk and fixedly attaching one of the plurality of
airfoils to the rotor disk. Each collar may be made of one of aluminum and titanium.
In another refinement, the airfoils may include a body, an edge extending radially
along the body, and a side panel, with each being manufactured of one of a metal or
organic matrix composite.

[0020] In accordance with yet another aspect of the present disclosure, a method
of forming a fan section of a gas turbine engine is disclosed. The method may
include providing a rotor disk made of metal and fixedly attaching a plurality of
airfoils made at least partially of composite matrix composite to the rotor disk.
[0021] In another refinement, the method may further include fixedly attaching a
partial-span shroud to adjacent airfoils.

[0022] In another refinement, the method may further include fixedly attaching a
tip shroud between adjacent airfoils.

[0023] In a further refinement, the method may further include fixedly attaching
an outer-span blade to at least one of the rotor airfoil and the tip shroud.

[0024] These and other aspects and features of the present disclosure will be
better understood in light of the following detailed description when read in light of

the accompanying drawings.

Brief Description of the Drawings

[0025] FIG. 1 is a cross-sectional view of a geared turbofan constructed in

accordance with an embodiment of the present disclosure.
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[0026] FIG. 2 is a perspective view of a rotor section of a prior art fan.

[0027] FIG. 3 is a perspective view of a rotor section of a fan constructed in
accordance with an embodiment of the present disclosure.

[0028] FIG. 4 is a cross-sectional view of a fan constructed in accordance with an
embodiment of the present disclosure.

[0029] FIG. 5 is a cross-sectional view of a fan taken along the line 5-5 in FIG. 4.
[0030] FIG. 6 is a cross-sectional view of an alternate embodiment of a fan taken
along the line 5-5 of IIG. 4.

[0031] FIG. 7 is a perspective view of a rotor section of a fan constructed in
accordance with an embodiment of the present disclosure.

[0032] FIG. 8 is a perspective view of a rotor section of a fan constructed in
accordance with an embodiment of the present disclosure.

[0033] FIG. 9 is a cross-sectional view of a fan constructed in accordance with an
embodiment of the present disclosure.

[0034] FIG. 10 is a cross-sectional view of a fan constructed in accordance with an
embodiment of the present disclosure.

[0035] It should be understood that the drawings are not necessarily to scale and
that the disclosed embodiments are sometimes illustrated diagrammatically and in
partial views. In certain instances, details which are not necessary for an
understanding of this disclosure or which render other details difficult to perceive may
have been omitted. It should be understood, of course, that this disclosure is not

limited to the particular embodiments illustrated herein.
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Detailed Description

[0036] Referring now to the drawings and with specific reference to FIG. 1, a gas
turbine engine 20 is depicted as a geared turbofan engine. However, other engine
types are possible and FIG. 1 is simply one embodiment illustrated here for
description purposes. The engine 20 includes a plurality of components, including a
fan section 22, a compressor section 24, a combustor 26, a turbine section 28, and an
engine case 30, aligned axially along an engine axis 32. 'The fan section 22 includes
a fan case 38 radially outward from the engine case 30 with respect to the engine axis
32 and defining a bypass air flow path 40 therebetween. The fan section 22 further
includes a plurality of fan exit guide vanes 42 extending between the engine case 30
and fan case 38. The fan section 22 further includes a rotor disk 44 and a plurality of
fan blades 46 radially extending outward from the rotor disk 44.. In the illustrated
engine 20, known as a geared turbofan engine, the rotor disk 44 of the fan section 22
is mechanically connected to a gearbox 48, which transfers rotational motion with a
difference in rotor speed from the turbine section 28 via an engine shaft 50 extending
through the engine 20 along the engine axis 32.

[0037] By rotating about the axis 32, the fan blades 46 draw in and accelerate
ambient air. In the illustrated engine 20, a majority of the air accelerated by the fan
blades 46 travels along the bypass air flow path 40 to generate the primary source of
thrust of the engine 20. Some of the air accelerated by the fan 22 also enters the
engine 20 through a core air flow path 52 where the air is compressed, combusted,
and then expanded. The air from the core air flow path 52 generates thrust, but also

rotates the turbine section 28, which may generate electricity and rotates the fan
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blades 46 and rotors in the compressor section 24 via the engine shaft 50. FIG. 1
depicts the engine 20 as a dual-spool geared turbofan engine having an annular
combustor; however, this is simply for illustration purposes and any gas turbine
engine is possible such as a three spool engine, for example.

[0038] One method of increasing the thrust of the engine 20 is to increase a ratio,
known as the bypass ratio, between the bypass air flow path 40 and the core air flow
path 52, which requires a larger fan section 22. Such larger fan sections 22 increase
the weight of the engine 20. However, as weight is preferably to be kept to a
minimum onboard aircraft, in order to reduce the weight of the fan section 22, the fan
section 22 of the present disclosure provides design options to reduce the weight of
the fan section 22. The fan section 22 of a geared turbofan engine rotates at slower
speeds than prior art fans, for example, at around a maximum rotational speed of
about 1050 feet per second or slower at a tip 58 of the airfoil 46, whereas prior art
fans typically rotate at about 1300 feet per second or more at the tip 58 of the airfoil
46. The tip 58 of the airfoil is the most radially distant extent of the airfoil 46 from
the rotor disk 44 with respect to the engine axis 32. Such lower rotational speeds
reduce the damaging effects of bird and debris impacts on the fan section 22.
However, to accommodate such larger diameter fans, the present disclosure sets forth
a number of fan blade design features to reduce weight while still being structurally
sound.

[0039] As can be seen in FIG. 2, prior art fans 100 may include a rotor airfoil 102
and a rotor disk 108. The rotor airfoil 102 may have a root 104 and a blade 106

extending away from the root 104. The rotor disk 108 may define an anchoring
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attachment cavity 110 that is configured to receive the root 104 of the airfoil 102 to
retain the airfoil 102 during operation. While effective, such a root and anchoring
attachment cavity construction necessarily adds weight to the fan.

[0040] In the fan section 22 of the present disclosure, depicted in FIG. 1 on the
other hand, the rotor airfoils 46 are unitary with the rotor disk 44 and do not have a
root, and thus the rotor disk 44 does not require an anchoring attachment cavity. The
rotor airfoils 46 may be bonded or otherwise fixedly attached to the rotor disk 44 by
any number of methods including, but not limited to, welding, transient liquid phase
bonding or direct laser or other additive manufacturing enabled deposition. A base 54
of the airfoil 46 may be welded directly to the rotor disk 44 at a bonding interface 55,
as shown in FIG. 3. Alternatively, the airfoils 46 may be cast as one unitary piece
with the rotor disk 44 or machined from single section of parent material. The parent
material may include one or more alloys or differential alloy heat treats to optimize
material properties in selected regions of the fan section 22.

[0041] As used herein, the term “fixedly attached” is to be understood to include
any method of permanently attaching or joining two or more elements together for use
during the combined objects intended operation such as, but not limited to, welding,
transient liquid phase bonding, direct laser deposition, or the like.

[0042] As can be seen from FIGS. 4-6, a collar 59 may act as an intermediary to
fixedly attach the airfoil 46 to the disk 44. The collar 59 may be positioned around
the base 54 of the airfoil 46 and bonded to the disk 44 at the bonding interface 55.
This method of joining the airfoil 46 with the disk 44 may be used in situations where

welding, transient liquid phase bonding, or direct laser or other additive
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manufacturing enabled deposition is not possible to provide weight efficient hybrid
structures. For example, the airfoil 46 may be constructed, at least partially, from an
organic matrix composite while the disk 44 may be constructed of aluminum or
titanium. One of ordinary skill in the art will understand the materials encompassed
by “organic matrix composite”, and as used herein refers to materials made from two
or more constituent materials with significantly different physical or chemical
properties, that when combined, produce a material with characteristics different from
the individual components. Examples of organic matrix composites include, but are
not limited to fiber reinforced polymers. The individual components remain separate
and distinct within the finished structure.

[0043] In this situation, a typical bonding method would damage the airfoil 46 and
not secure it to the disk 44. Therefore, the collar 59, constructed of aluminum or
titanium for example, may be secured around the base 54 of the airfoil 46 and then
bonded to the disk 44 through any of the above mentioned means. While specific
material have been discussed above, this is for description purposes only and any
material is possible such as, but not limited to aluminum, titanium, organic matrix
composite, aluminum-lithium or other aluminum alloys, titanium alloys, nickel alloys,
steel, a combination of alloys, and the like.

[0044] As an additional feature, a shear lug 61 may be used to help secure the collar
59 around the airfoil 46 as illustrated in FIG. 6. The shear lug 61 may also be
designed to retain opposing surfaces of the collar 59 from deflecting under the radial
load imposed by the airfoil 46 as it rotates about axis 32. There may be one or more

shear lugs 61 per airfoil 46, depending on a rotational speed of the fan section 22 and
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a weight of each airfoil 46. Faster rotational speeds and heavier airfoils 46 may use
multiple shear lugs 61 to retain the airfoil 46 in the collar 59, for example.

[0045] The rotor disk 44 and rotor airfoils 46 of the fan section 22 may consist of
the same or separate materials such as, but not limited to, titanium, aluminum,
composite plastic, fiber-reinforced plastic, or combinations of these and other
materials. Such flexibility in the materials used in the construction of the fan section
22 allows for simple construction where the fan section 22 consists of only one
material or also a more complex combination of materials. The material make-up of
the fan section 22 may be chosen to meet a desired weight for the fan section 22, a
desired mass distribution throughout the fan section 22, and/or a desired physical
strength of the fan section 22. For example, the material make-up of the fan section
22 may be chosen such that the base 54 of the airfoil 46 is heavier than that of the tip
58 of the airfoil 46, or vice versa. However, other weight distributions to provide
desired effects including aero-elastic tailoring and desired vibratory characteristics are
also possible.

[0046] Other material options may include combining multiple materials in the
construction of each airfoil 46. In one exemplary airfoil 46, a body 64 of the airfoil
46 may be formed of a first metallic material such as aluminum, titanium, and/or
another alloy while an edge 66 of the airfoil 46 may be formed of second metallic
material such as titanium, nickel, steel, or another alloy. In another exemplary airfoil
46, the body 64 and the edge 66 may be formed of a metallic material as above, and a
side panel 67 formed along the body 64 may be formed from an organic matrix

composite. Additionally, as illustrated in FIGS. 5 and 6, an insert 68 may be
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positioned within the body 64 of the airfoil 46. This insert 68 may be constructed of a
different material to that of the body 64, which may allow for a reduction in weight.
For example, a strong material that can resist creep and bird or debris impacts may be
chosen for the body 64 while a light weight material may be chosen for the insert 68.
This combination may provide the airfoil 46 with the strength required for operation
while reducing the weight compared to an airfoil 46 consisting of only the
strengthening material.

[0047] By introducing the unitary fan section 22 design and allowing the inclusion
of new materials that may reduce the weight or otherwise alter the structural
characteristics of the fan section 22, and thus increase efficiency, the low speed fan
design of the present disclosure may enable the fan section 22 to include a partial-
span shroud 56 interconnecting the rotor airfoils 46. As shown in the embodiment of
FIG. 7, the partial-span shroud 56 may connect a point 57 on each rotor airfoil 46
located between the base 54 and the tip 58 of the rotor airfoil 46 to a similar point 57
on each adjacent rotor airfoil 46. The partial-span shroud 56 may reduce vibratory
motion in the rotor airfoil 46 by structurally linking them together thereby providing
aeroelastic design options for low speed, low pressure ratio fan airfoils 46. Such a
partial span shroud 56 has not been utilized with large prior art fans since their
combination of size and rotational speed greatly complicated the inclusion of such
additional structures.

[0048] In keeping with the present unitary fan section 22 design, the partial-span
shroud 56 may be cast or otherwise formed integral with the rotor airfoils 46. To

accomplish this, every rotor airfoil 46 and every partial-span shroud 56 may be cast



WO 2014/143305 PCT/US2013/076550

13-

integrally together. On the other hand, each rotor airfoil 46 may be cast with a
segment 60 of the partial-span shroud 56 extending from the rotor airfoil 46 as in FIG.
8. When each rotor airfoil 46 is assembled with the rotor disk 44, the segments 60 of
the partial-span shroud 56 may be then joined together in any known method such as
welding or laser deposition. They may also be left disconnected. Alternatively, the
partial-span shroud 56 may be cast separately and then fixedly attached to the rotor
airfoils 46 by any known means, such as welding or laser deposition. The partial-span
shroud 56 may also be constructed of the same or separate materials as the rotor
airfoils 46 to further reduce weight, manage weight distribution throughout the fan
section 22, and/or increase overall strength of the fan section 22. For example, a
continuous fiber reinforced composite ring acting as the shroud 56 may be inserted
within the rotor assembly.

[0049] In another embodiment, presented in FIG. 9, the reduction of rotational
speed and/or the inclusion of weight reducing material in the fan section 22 may
alternatively and/or additionally allow the fan section 22 to include a tip shroud 62
interconnecting the tips 58 of the rotor airfoils 46. This tip shroud 62 may also be
unitary with the rotor airfoils 46 in a similar fashion to the partial-span shroud 56.
The tip shroud 62 also reduces or otherwise alters the vibratory characteristics of the
rotor airfoils 46 for very low rotor speed / pressure ratio design. In addition, the tip
shroud 62 may reduce the flow of air which may flow between the tips 58 of the rotor
airfoils 46 and the fan case 38 by providing a seal or other discourages of flow
between the case 38 and shroud 62. 'This reduction of the air bypassing the fan

section 22 increases the efficiency of the engine 20 as more air is accelerated by the
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fan section 22 without increasing the size of the fan section 22. Similar to the partial-
span shroud 56, the tip shroud 62 may also be constructed of the same or different
materials as the rotor airfoils 46 to reduce weight of the fan section 22, manage
weight distribution throughout the fan section 22, and/or provide extra physical
strength to the fan section 22.

[0050] As the size of the fan section 22 is increased and the rotational speed of the
fan section 22 is reduced the tips 58 of the airfoils 46 may be the only areas of the fan
section 22 rotating at a high tangential velocity. For this reason, increasing the
surface area of the airfoils 46 in this region may increase the pressure ratio of air that
is created by the fan section 22. To this end, an outer-span blade 70 may be attached
as a continuous aerodynamic extension to the airfoil 46 and tip shroud 62 proximate
to the tip 58 of the airfoils 46 as illustrated in FIG. 10. Alternatively, the airfoils 70
may be a standalone partial span airfoil attached to the outer shroud 62 and located
between adjacent airfoils 46. This increases the surface area of the airfoils 46 and
may allow for better fan section 22 performance at slower rotational speeds. These
blades 70 may be integrally formed with the airfoils 46, the tip shroud 62, both, or
formed separately and attached by any of the means presented above such as, but not
limited to, welding, transient liquid phase bonding, or direct laser or other additive
manufacturing enabled deposition. The blades 70 may consist of the same or different
materials as the rest of the fan section 22, including the hub 44, airfoils 46, and tip
shroud 62, such as, but not limited to, aluminum, titanium, steel, or organic matrix

composite.

Industrial Applicability
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[0051] From the foregoing, it can be seen that the technology disclosed herein has
industrial applicability in a variety of settings such as, but not limited to providing
new material and structural options for low speed large diameter fan sections of gas
turbine engines. By reducing the rotational speed of the fan section the effect of bird
and debris impacts is reduced allowing for increased fan diameter, new materials, and
new structural features. One such feature may be forming a unitary one-piece fan,
disk and airfoils, by attaching the rotor airfoils directly to the rotor disk by welding or
similar methods, or casting or otherwise forming the rotor airfoils and disk as one
piece to reduce the overall weight of the fan section from prior art fan sections.
Another feature may be constructing the fan section from light-weight materials such
as, but not limited to, titanium, aluminum, composite plastic, fiber reinforced plastic,
or a combination of materials to further reduce the weight of the fan section. The
slower rotational speeds coupled with this reduction of weight in the fan section
allows for a higher weight capacity for an aircraft using the engine as a source of
propulsion, as well as allowing further features to be incorporated into the fan section
such as a partial-span shroud, a tip shroud, and an outer-span blade.

[0052] While the present disclosure has been made in reference to a fan section of a
geared turbofan engine for use with an aircraft, one skilled in the art will understand
that the teachings herein can be used in other applications as well, such as for any
slow rotating large diameter rotor . It is therefore intended that the scope of the
invention not be limited by the embodiments presented herein to set forth the best
mode currently known for carrying out the invention, but rather that the invention

includes all equivalents falling within the spirit and scope of the appended claims.
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Claims

What is claimed is:

1. A fan section for a gas turbine engine, comprising:

a rotor disk made of metal; and

a plurality of airfoils fixedly attached to and supported by the rotor
disk as a single unitary piece and extending radially outward from the rotor
disk with respect to an engine axis, each airfoil being made at least partially

of an organic matrix composite.

2. The fan section of claim 1, further including a plurality of collars, each collar
being bonded to the rotor disk and fixedly attaching one of the plurality of air

foils to the rotor disk.

3. The fan section of claim 2, wherein the collar is made of one of aluminum and

titanium.

4. The fan section of claim 2, further comprising a plurality of shear lugs, each

shear lug extending through one of the collars and one of the airfoils.

5. 'The fan section of claim 1, wherein the airfoil includes a body and an edge
extending radially along the body, the body being formed from the organic

matrix composite and the edge being formed of a metallic material.
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6. The fan section of claim 1, wherein the airfoils include a body and an edge

extending radially along the body, the body being formed from a first metallic

material and the edge being formed from a second metallic material.

The fan section of claim 1, wherein the airfoils may further include a side panel
formed along the body, the side panel being formed from an organic matrix

composite.

8. The fan section of claim 1, further comprising a partial-span shroud connecting

9.

adjacent airfoils, the partial-span shroud extending from a point on each airfoil
located between a base and a tip of each airfoil to a similar point on adjacent

airfoils.

The fan section of claim &, wherein the partial-span shroud is cast, fixedly

attached, or fabricated as one unitary piece with the airfoils.

10. The fan section of claim 1, further comprising a tip shroud connecting adjacent

airfoils at a tip of each airfoil.

11. The fan section of claim 10, wherein the tip shroud is one of cast, fixedly attached,

and fabricated as one unitary piece with the airfoils.
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13.

14.

15.
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The fan section of claim 10, further comprising an outer-span blade attached to at
least one of the tip of the airfoil and the tip shroud, wherein the outer-span blade is

one of cast, fixedly attached, and fabricated as one unitary piece with the airfoils.

The fan section of claim 1, wherein each airfoil has a tip, and the tips of the

airfoils rotate at a maximum speed of about 1050 feet per second or less.

A gas turbine engine, comprising:

a fan section having a rotor disk made of metal, and a plurality of airfoils ,
the airfoils being fixedly attached to and supported by the rotor disk as a single
unitary piece and extending radially outward from the rotor disk with respect to an
engine axis, each airfoil being made at least partially of an organic matrix

composite;

a compressor section downstream from the fan section;

a combustor downstream from the compressor section; and

a turbine section downstream from the combustor and in mechanical

communication with the fan section and compressor section via an engine shaft.

The gas turbine engine of claim 14, further including a plurality of collars, each
collar being bonded to the rotor disk and fixedly attaching one of the plurality of

airfoils to the rotor disk, each collar being made of metal.
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16. The gas turbine engine of claim 14, wherein each airfoil includes a body, and
edge and a side panel, each body, edge and side panel being made of one of organic

matrix composite and metal.

17. A method of forming a fan section of a gas turbine engine, the method
comprising:

providing a rotor disk made of metal; and

fixedly attaching a plurality of airfoils to the rotor disk, each airfoil

being made at least partially of organic composite matrix.

18. The method of claim 17, further comprising fixedly attaching a partial-span

shroud to adjacent airfoils.

19. The method of claim 17, further comprising fixedly attaching a tip shroud

between adjacent airfoils.

20. The method of claim 19, further comprising fixedly attaching an outer-span
blade to at least one of the airfoil and the tip shroud as a tip-biased aerodynamic

extension of the rotor airfoils.
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