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(57) Abréegée/Abstract:

A turbofan engine assembly (10) is provided. The turbofan engine assembly (10) includes a core gas turbine engine (13) including
a high-pressure compressor (14), a combustor downstream from the high-pressure compressor, and a high-pressure turbine (18)
downstream from the compressor, the high-pressure turbine coupled to the high-pressure compressor. The turbofan engine
assembly (10) further includes a first fan assembly (50) coupled within the turbofan engine assembly and located upstream from
the core gas turbine engine. The turbofan engine assembly (10) further includes a first gearbox (100) coupled to the first fan
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(57) Abrege(suite)/Abstract(continued):

assembly. The turbofan engine assembly (10) a booster compressor (22) coupled within the turbofan engine assembly and located
downstream from the first fan assembly. The turbofan engine assembly (10) a second gearbox (102) coupled to the booster
compressor such that the booster compressor rotates in a rotational direction that is opposite to the rotational direction of the first
fan assembly.
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TURBOFAN ENGINE ASSEMBLY AND METHOD OF
ASSEMBLING SAME

ABSTRACT OF THE DISCLOSURE

A turbofan engine assembly (10) 1s provided. The turbofan engine assembly
(10) includes a core gas turbine engine (13) including a high-pressure compressor
(14), a combustor downstream from the high-pressure compressor, and a high-
pressure turbine (18) downstream from the compressor, the high-pressure turbine
coupled to the high-pressure compressor. The turbofan engine assembly (10) further
includes a first fan assembly (50) coupled within the turbofan engine assembly and
located upstream from the core gas turbine engine. The turbofan engine assembly (10)
further 1includes a first gearbox (100) coupled to the first fan assembly. The turbofan
engine assembly (10) a booster compressor (22) coupled within the turbofan engine
assembly and located downstream from the first fan assembly. The turbofan engine
assembly (10) a second gearbox (102) coupled to the booster compressor such that the
booster compressor rotates in a rotational direction that is opposite to the rotational

direction of the first fan assembly.
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TURBOFAN ENGINE ASSEMBLY AND METHOD OF
ASSEMBLING SAME

BACKGROUND OF THE INVENTION

This invention relates generally to gas turbine engines, and more specifically

to a turbofan engine assembly that includes a counter-rotating booster compressor.

At least some known turbofan engine assemblies include a fan assembly, a
core gas turbine engine, and a low-pressure or power turbine. The core gas turbine
engine includes at least one compressor, a combustor, and a high-pressure turbine that
are coupled together in a serial flow relationship. Moreover, at least one known
turbofan engine assembly includes a booster that is disposed between the fan

assembly and the core gas turbine engine.

To increase engine efficiency, at least one known turbotan engine assembly
includes a counter-rotating low-pressure turbine that is coupled to a counter-rotating
fan assembly. More specifically, to assemble a turbofan engine assembly that
includes a counter-rotating low-pressure turbine, an outer rotating spool, a rotating
frame, a mid-turbine frame, and two concentric shafts, are installed within the
turbofan engine assembly to facilitate supporting the counter-rotating low-pressure
turbine. However, while the use of a counter-rotating low-pressure turbine increases
the overall engine efficiency, the counter-rotating low-pressure turbine also increases

the overall stage count, thus increasing the overall weight, design complexity, and/or

manufacturing costs of such an engine are increased.
BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method of assembling a turbofan engine i1s provided. The
method includes providing a core gas turbine engine including a high-pressure
compressor, a combustor, and a turbine, coupling a first gearbox to a first fan
assembly, and coupling a second gearbox to a booster compressor such that the
booster compressor rotates in a rotational direction that 1s opposite to the rotational

direction of the first fan assembly.
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In another aspect, a turbofan engine assembly is provided. The turbine
engine assembly includes a core gas turbine engine including a high-pressure
compressor, a combustor, and a turbine. The turbofan engine assembly also includes
a first fan assembly disposed upstream from the core gas turbine engine, a first
gearbox coupled to the first fan assembly, and a second gearbox coupled to a booster
compressor such that the booster compressor rotates in a rotational direction that 1s

opposite to the rotational direction of the first fan assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of an exemplary turbofan engine assembly

that includes a counter-rotating fan assembly; and

Figure 2 i1s an enlarged cross-sectional view of a portion of the exemplary

turbofan engine assembly shown 1n Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic illustration of an exemplary turbofan engine assembly
10 having a longitudinal axis 11. Turbofan engine assembly 10 includes a fan
assembly 12, a core gas turbine engine 13 that i1s disposed downstream from fan
assembly 12, and a single-rotation low-pressure turbine 20 that 1s disposed
downstream from the core gas turbine engine. The core gas turbine engine includes a
high-pressure compressor 14, a combustor 16, a high-pressure turbine 18, and a first

drive shaft 31 that is coupled between high-pressure compressor 14 and high-pressure

turbine 18. In the exemplary embodiment, turbofan engine assembly 10 also includes
a multi-stage counter-rotating booster compressor 22 that 1s disposed downstream
from fan assembly 12 and upstream from core gas turbine engine 13. Turbofan
engine assembly 10 also include a second drive shaft 32 that includes a first end 34
that is coupled or splined to low-pressure turbine 20 and a second end 36 that is
coupled or splined to a forward shaft extension 33 that is used to drive both first fan

assembly 50, and also drive a plurality of gearboxes which will be discussed below.
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In the exemplary embodiment, fan assembly 12 1s a counter-rotating fan
assembly that includes a first or forward fan assembly 50 and a second or an aft fan
assembly 52 that 1s disposed downstream from forward fan assembly 50. The terms
“forward fan” and “aft fan” are used herein to indicate that first fan assembly 50 1s
coupled axially upstream from second fan assembly 52. In the exemplary
embodiment, fan assemblies 50 and 352 are each disposed upstream from core gas
turbine engine 13, as shown in Figure 1. Fan assemblies 50 and 52 each include a
respective rotor disk 54 and 56, and a plurality of rotor blades 58 and 60 that are

coupled to each respective rotor disk.

Figure 2 1s an enlarged cross-sectional view of a forward portion of the
turbotan engine assembly 10 shown in Figure 1. In this arrangement, booster
compressor 22 1s a single stage booster compressor that includes a disk 42 and a
plurality of rotor blades 44 that are coupled to disk 42. Moreover, the rotor blades 44
are also coupled to a splitter cowling 46, that in disposed radially outwardly from
rotor blades 44. In one embodiment, the disk 42, rotor blades 44, and splitter cowling
46 are formed and welded as separate components which are then coupled together.
Optionally, disk 42, rotor blades 44, and splitter cowling 46 are cast as a single
component. In the exemplary embodiment, turbo fan engine assembly 10 also
includes a plurality of outlet guide vanes 48 that are disposed downstream from
booster compressor 22 to channel compressed airflow discharged from booster

compressor 22 downstream and 1nto core gas turbine engine 13.

In this embodiment, turbofan engine assembly 10 also includes a first

gearbox 100 that 1s driven by low-pressure turbine 20, and a second gearbox 102 that

1s driven by first gearbox 100. In use, gearbox 100 1s disposed upstream from
gearbox 102 and 1s used to drive first fan assembly 50, and gearbox 102 is used to

drive both booster compressor 22 and second fan assembly 52.

More specifically, shaft 33 1s coupled to an input of gearbox 100 such that
low-pressure turbine 20 drives gearbox 100. Moreover, turbofan engine assembly 10
includes a gear shaft 104 that i1s coupled between gearbox 100 and gearbox 102.
More specifically, the gear shaft 104 1s splined to shaft 108 and drives gearbox 102

3-
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such that the output of gearbox 100 1s coupled to the input of gearbox 102 and such
that gearbox 100 drives shaft 108. As shown in Figure 2, a forward end 106 of gear
shaft 104 is splined to a first fan assembly drive shaft 108 that 1s coupled to first tan
disk 54 such that gearbox 100 drives first fan assembly 50.

Turbofan engine assembly 10 also includes a second fan assembly drive shaft
110 that includes a first or upstream end 112 and a second or downstream end 114.
First end 112 1s geared to second gearbox 102 such that gearbox 102 drives drive shaft
110, and second driveshaft end 114 1s coupled or splined to cone 42 such that
driveshaft 110 drives both booster compressor 22 and second fan assembly 60. As a
result, second gearbox 102 is utilized to drive both booster compressor 22 and second
fan assembly 60 via drive shaft 110. In the exemplary embodiment, both first and
second gearboxes are fixedly coupled to a fan frame 15 utilizing a static support

structure 120.

As such, and as shown in Figure 2, first fan assembly 350 is coupled to
gearbox 100 which 1n turn 1s coupled to and driven by low-pressure turbine 20. As a
result, first fan assembly 50 rotates 1in a rotational direction that 1s opposite to the
rotational direction of low-pressure turbine 20 and at a different rotational speed
based on the gear ratio of gearbox 100. Moreover, second gearbox 102 drives booster
compressor 22 and second fan assembly 60 in a rotational direction that is the same as
the rotational direction of low-pressure turbine 20 and at a different rotational speed

than either the low-pressure turbine 20 or the first fan assembly 60.

In the exemplary embodiment, gearbox 100 has a gear ratio of approximately

2.0 to 1 such that fan assembly 50 rotates at a rotational speed that is approximately
one-half the rotational speed of low-pressure turbine 20. In one embodiment, gearbox
102 has an input to output gear ratio of approximately 2 to 1. In another embodiment,
gearbox 102 has an input to output gear ratio of approximately 1.25 to 1. In a further

embodiment, gearbox 102 has an input to output gear ratio of approximately 1.6 to 1.

Turbofan engine assembly 10 also includes a first bearing assembly 130, that

in the exemplary embodiment, 1s a thrust bearing that is disposed between forward
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shaft extension 33 and rotor disk 54. More specifically, first bearing assembly 130 is
a thrust bearing which includes a rotating inner race 132 that is coupled to forward
shaft extension 33, and a rotating outer race 134 that is coupled to rotor disk 54. First
bearing assembly 130 also includes a plurality of ball bearings 136 that are disposed
between inner and outer races 132 and 134. In operation, first bearing assembly 130
is utilized to provide radial support for rotor disk 54, and thus first fan assembly 50,
while still allowing low-pressure turbine 20 to rotate at a different speed that first fan
assembly 50. Moreover, bearing assembly 130 minimizes pressure balance

differences between the low-pressure turbine 20 and first fan assembly 50.

Turbofan engine assembly 10 also includes a second bearing assembly 140,
that in the exemplary embodiment, 1s a thrust bearing that 1s disposed between rotor
disk 54 and a support structure 141 that is disposed axially upstream from gearbox
100 and coupled to fan frame 15 via support structure 120. More specifically, bearing
assembly 140 is disposed upstream from gearbox 100 and includes a stationary inner
race 142 that is coupled to support structure 141, and a rotating outer race 144 that 1s
coupled to rotor disk 54. Second bearing assembly 140 also includes a plurality of
bearing elements 146 that are disposed between inner and outer races 142 and 144. In
operation, second bearing assembly 140 is utilized to substantially absorb the thrust
loads generated by first fan assembly 50 and low-pressure turbine 20 and transmit any
residual thrust loads to fan frame 15, via support structure 120 and 141. More
specifically, bearing assembly 140 reacts the residual thrust generated by first fan
assembly 50 and low-pressure turbine 20 through support structure 141 and nets out

with the thrust generated by second fan assembly 51 via bearing assembly 150 so that
structure 120 sees the net thrust. As such, bearing assembly 140 reacts all of the

various axial/thrust loads.

Turbofan engine assembly 10 also includes a third bearing assembly 150,
that in the exemplary embodiment, is a thrust bearing that is disposed between support
structure 120 and rotor disk 42. More specifically, bearing assembly 150 1s disposed
downstream from thrust bearing assembly 140, gearbox 100, and gearbox 102, and

includes a stationary inner race 152 that is coupled to support structure 120, a rotating
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outer race 154 that is coupled to disk 42, and a plurality of bearing elements 156 that
are disposed between inner and outer races 152 and 154. In operation, third bearing
assembly 150 is utilized to substantially absorb the thrust loads generated by booster
compressor 22 and second fan assembly 60, and transmit any residual thrust loads to

fan frame 15, via support structure 120.

Turbofan engine assembly 10 also includes a fourth bearing assembly 160,
that in the exemplary embodiment, is a roller bearing that 1s disposed between low-
pressure turbine shaft 32/forward shaft extension 33 and support structure 120
downstream from gearboxes 100 and 102. More specifically, bearing assembly 160
includes a rotating inner race 162 that is coupled to forward shaft extension 33, and a
stationary outer race 164 that is coupled to support structure 120, and a plurality of
roller bearings 166 that are disposed between inner and outer races 162 and 164. In
operation, fourth bearing assembly 160 1s utilized to provide radial support tor low-

pressure turbine shaft 32/forward shaft extension 33.

Turbofan engine assembly 10 also includes a fifth bearing assembly 170, that
in the exemplary embodiment, is a differential bearing that 1s disposed between rotor
disk 42 and first fan assembly drive shaft 108 and rotor disk 42 downstream from
gearboxes 100 and 102. More specifically, bearing assembly 170 includes a rotating
inner race 172 that 1s coupled to first fan assembly drive shaft 108, and a rotating
outer race 174 that is coupled to rotor disk 42, and a plurality of roller bearings 176
that are disposed between inner and outer races 172 and 174. In operation, fifth

bearing assembly 170 is utilized to provide radial support for booster compressor 22

and second fan assembly 60 while still allowing booster compressor 22 and second

fan assembly 60 to rotate at a different rotational speed than first fan assembly 50.

A method of assembling turbofan engine assembly 10 includes providing a
core gas turbine engine including a high-pressure compressor, a combustor, and a
turbine, coupling a first gearbox to a first fan assembly, and coupling a second

gearbox to a booster compressor such that the booster compressor rotates in a

rotational direction that is opposite to the rotational direction of the first fan assembly.
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The turbofan engine assembly described herein includes a counter-rotating
fan assembly that 1s coupled to a pair of epicyclic gearboxes to enable the speed of
each fan assembly to be operated at a rotational speed that achieves maximum engine
efficiency. In this embodiment, the turbofan engine assembly includes a first gearbox
that 1s driven by the low-pressure turbine. The first gearbox 1s coupled to the first or
forward fan assembly. The turbofan engine assembly also includes a second gearbox
that 1s driven by the first gearbox. The second gearbox 1s coupled to and thus drives
the second tan assembly and the booster compressor. Moreover, the second gearbox
enables the booster compressor and second fan assembly to be counter-rotated with
respect to the first fan assembly. The second gearbox also enables the rotational
speed of the second fan assembly to be varied with respect to the first fan assembly to
further increase efficiency and provide an acoustic benefit. As a result, the gearboxes
can be easily maintained by removing a cover 190 (shown 1n Figure 2), removing the
forward shaft 33, and the static support structure 141, allowing the first fan assembly
50 and gearboxes 100 and 102 to be pulled. Additionally, the diameter of the turbofan
engine inlet and nacelle may be reduced and the low-pressure turbine may be operated

at a relatively high speed.

While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:

1. A turbofan engine assembly (10) comprising:

a core gas turbine engine (13) including a high-pressure compressor (14), a
combustor downstream from the high-pressure compressor, and a high-pressure
turbine (18) downstream from the compressor, said high-pressure turbine coupled to
said high-pressure compressor;

a first fan assembly (50) coupled within said turbofan engine assembly and
located upstream from said core gas turbine engine;

a first gearbox (100) coupled to said first fan assembly;

a booster compressor (22) coupled within said turbofan engine assembly
and located downstream from said first fan assembly; and

a second gearbox (102) coupled to said booster compressor such that said
booster compressor rotates in a rotational direction that 1s opposite to the rotational

direction of said first fan assembly.

2. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising a second fan assembly (52) coupled to said booster compressor
(22) such that said booster compressor and said second fan assembly rotate in the

same rotational direction.

3. A turbofan engine assembly (10) in accordance with Claim 2,

further comprising a splitter cowling (46) coupled between said booster compressor

(22) and said second fan assembly (32).

4. A turbofan engine assembly (10) in accordance with Claim 3,
wherein said second fan (52) assembly 1s disposed downstream from said booster

compressor (22).

5. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising a low-pressure turbine (20) coupled to said first gearbox (100)

such that said low-pressure turbine drives said first gearbox.
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6. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising an extension shaft coupled between said first and said second

gearboxes to enable said first gearbox (100) to drive said second gearbox (102).

7. A turbofan engine assembly (10) in accordance with Claim 6,
further comprising a drive shaft (31) coupled between said first fan assembly (50) and
said first gearbox (100) such that the first gearbox drives the first fan assembly.

8. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising a drive shaft (31) coupled between a low-pressure turbine (20) and
said first gearbox (100), said first gearbox coupled to said first fan assembly (50) such
that said first fan assembly rotates at a rotational speed that is different than the

rotational speed of the low-pressure turbine.

9. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising a thrust bearing assembly (140) coupled between said first fan
assembly (50) and a low-pressure turbine (20) to minimize pressure balance

differences between said low-pressure turbine and said first fan assembly.

10. A turbofan engine assembly (10) in accordance with Claim 1,
further comprising a thrust bearing assembly (140) coupled between said booster

compressor (22) and a fan frame (15).
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