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TURBOMACHINE FAN CLUTCH

BACKGROUND
[00011  This disclosure relates to a clutch and, more particularly, to a mechanical

clutch that limits relatively high-speed, unlubricated turbomachine fan operation.

[0002] Turbomachines, such as gas turbine engines, typically include a fan, a
turbine section, a compressor section, and a combustor section. Turbomachines may

employ a geared architecture connecting the fan and the turbine section.

[0003] Air moving through a non-operating gas turbine engine may rotate (i.e.,
windmill) the fan of the gas turbine engine. In some examples, the gas turbine engine is
one of a group of engines that propels an aircraft during flight, and windmilling occurs
if the gas turbine engine shuts down during flight. In other examples, wind moving
though a gas turbine engine parked on the ground causes windmilling. Gas turbine

engines include complex systems that lubricate the fan when windmilling,.

SUMMARY
[0004] A turbomachine clutch assembly according to an example embodiment
of the present disclosure includes, among other things, a clutch that moves from a first
position to a second position in response to rotation of a turbomachine fan at a speed
greater than a threshold speed. The clutch permits rotation of the turbomachine fan in a
tirst direction whether the clutch is in the first position or the second position. The
clutch limits rotation of the turbomachine fan in an opposite, second direction when the

clutch is in the first position.

[0005] In a further non-limiting embodiment of the foregoing turbomachine

clutch assembly, the turbomachine fan is a ducted fan.
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[0006] In a further non-limiting embodiment of either of the foregoing

turbomachine clutch assemblies, the threshold speed is less than an idling speed.

[0007]1 In a further non-limiting embodiment of any of foregoing turbomachine

clutch assemblies, the threshold speed is a threshold rotational speed of the fan.

[0008] In a further non-limiting embodiment of any of foregoing turbomachine

clutch assemblies, the clutch is an entirely mechanical clutch.

[0009] In a further non-limiting embodiment of any of foregoing turbomachine
clutch assemblies, the clutch moves from the second position to the first position in

response to rotation of a turbomachine no longer exceeding the threshold speed.

[0010] In a further non-limiting embodiment of any of foregoing turbomachine
clutch assemblies, the clutch assembly may include a lubrication system that lubricates
the turbomachine fan. The lubrication system is powered by the turbomachine fan

rotating in the first direction.

[00111] In a further non-limiting embodiment of any of the foregoing
turbomachine clutch assemblies, the clutch permits rotation of the turbomachine fan in

the second direction when the clutch is in the second position.

[0012] In a further non-limiting embodiment of any of foregoing turbomachine
clutch assemblies, the turbomachine fan is in a turbomachine that rotates the

turbomachine fan in the first direction during operation.

[0013] A mechanical clutch assembly for a turbomachine according to another
example embodiment of the present disclosure includes, among other things, a fan and
a clutch moveable between a first position that limits windmilling rotations of the fan
and a second position that prevents windmilling rotations of the fan in one direction.

The clutch is a mechanical clutch.
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[0014] Ina further non-limiting embodiment of the foregoing mechanical clutch
assembly, the clutch includes a counterweight system that changes positions in
response to centrifugal force, the counterweight system moving the clutch from the first

position to the second position when the counterweight system changes positions.

[00151 In a further non-limiting embodiment of either of the foregoing
mechanical clutch assemblies, the counterweight system is biased toward positioning

the clutch in the first position.

[0016] In a further non-limiting embodiment of any of the foregoing
mechanical clutch assemblies, the assembly includes a spring that biases the

counterweight system.

[00171 In a further non-limiting embodiment of any of the foregoing
mechanical clutch assemblies, the counterweight system changing positions initiates

movement of radial movement of rollers in the clutch.

[0018] In a further non-limiting embodiment of any of the foregoing

mechanical clutch assemblies, the clutch is a ramp/roller clutch.

[0019]1 A method of controlling rotation of a turbomachine fan according to an
exemplary aspect of the present disclosure includes, among other things, engaging a
clutch to prevent rotation of a turbomachine fan in a first direction when a rotational
speed of the turbomachine fan is below a threshold speed, and disengaging the clutch
when the rotational speed of the turbomachine fan meets or exceeds the threshold

speed.

[00201 In a further non-limiting of the foregoing method, the engaging and

disengaging is entirely mechanical.
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[00211 In a further non-limiting embodiment of either of the foregoing
methods, the method uses centrifugal weights to control the engaging and the

disengaging.

DESCRIPTION OF THE FIGURES
[0022] The various features and advantages of the disclosed examples will
become apparent to those skilled in the art from the detailed description. The figures

that accompany the detailed description can be briefly described as follows:
[0023]  Figure 1 shows a partial section view of an example turbomachine.

[0024] Figure 2A shows a schematic view of a clutch assembly of the Figure 1

turbomachine in a first position.
[0025]  Figure 2B shows the Figure 2A clutch in a second position.

[0026] Figure 3A shows an axial section view of an example turbomachine

clutch in a first position.

[00271 Figure 3B shows the Figure 3A turbomachine clutch in a second

position.
[0028]  Figure 4A shows a section view at line 4A-4A in Figure 3A.

[0029]1  Figure 4B shows a section view at line 4B-4B in Figure 3B.
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DETAILED DESCRIPTION
[00301 Figure 1 schematically illustrates an example turbomachine, which is a
gas turbine engine 20 in this example. The gas turbine engine 20 is a two-spool turbofan
gas turbine engine that generally includes a fan section 22, a compressor section 24, a
combustion section 26, and a turbine section 28. Other examples may include an

augmentor section (not shown) among other systems or features.

[00311  Although depicted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to use with turbofans. That is, the teachings may be
applied to other types of turbomachines and turbine engines including three-spool

architectures.

[0032] In the example engine 20, the fan section 22 drives air along a bypass
flowpath while the compressor section 24 drives air along a core flowpath. Compressed
air from the compressor section 24 communicates through the combustion section 26.

The products of combustion expand through the turbine section 28.

[00331 The example 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. The low-speed spool 30 and the high-speed
spool 32 are rotatably supported by several bearing systems 38. It should be understood
that various bearing systems 38 at various locations may alternatively, or additionally,

be provided.

[0034]1 The low-speed spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low-pressure compressor 44, and a low-pressure turbine 46.
The inner shaft 40 is connected to the fan 42 through a geared architecture 48 to drive

the fan 42 at a lower speed than the low-speed spool 30.

5
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[00351 The example fan 42 is considered a ducted fan as the fan 42 is within a

duct 49.

[0036] The high-speed spool 32 includes an outer shaft 50 that interconnects a

high-pressure compressor 52 and high-pressure turbine 54.

[00371 The combustion section 26 includes a circumferentially distributed array
of combustors 56 generally arranged axially between the high-pressure compressor 52

and the high-pressure turbine 54.

[0038] A mid-turbine frame 58 of the engine static structure 36 is generally
arranged axially between the high-pressure turbine 54 and the low-pressure turbine 46.

The mid-turbine frame 58 supports bearing systems 38 in the turbine section 28.

[00391 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

the longitudinal axes of the inner shaft 40 and the outer shaft 50.

[0040] In the example engine 20, the core airflow is compressed by the low-
pressure compressor 44 then the high-pressure compressor 52, mixed and burned with
fuel in the combustors 56, then expanded over the high-pressure turbine 54 and low-
pressure turbine 46. The mid-turbine frame 58 includes airfoils 60 within the path of the
core airflow. The high-pressure turbine 54 and the low-pressure turbine 46 rotatably
drive the respective high-speed spool 32 and low-speed spool 30 in response to the

expansion.

[0041] In some non-limiting examples, the engine 20 is a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass ratio is greater than about six

(6:1).
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[0042] The geared architecture 48 of the example engine 20 includes an
epicyclic gear train, such as a planetary gear system or other gear system. The example

epicyclic gear train has a gear reduction ratio of greater than about 2.3 (2.3:1).

[0043]1 The 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 of the engine 20. In one non-limiting
embodiment, the bypass ratio of the engine 20 is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pressure compressor 44, and the
low-pressure turbine 46 has a pressure ratio that is greater than about 5 (5:1). The
geared architecture 48 of this embodiment is an epicyclic gear train with a gear
reduction ratio of greater than about 2.5 (2.5:1). It should be understood, however, that
the above parameters are only exemplary of one embodiment of a geared architecture
engine and that the present disclosure is applicable to other gas turbine engines

including direct drive turbofans.

[0044] In this embodiment of the example engine 20, a significant amount of
thrust is provided by the bypass flow B due to the high bypass ratio. The fan section 22
of the engine 20 is designed for a particular flight condition--typically cruise at about 0.8
Mach and about 35,000 feet. This flight condition, with the engine 20 at its best fuel
consumption, is also known as “Bucket Cruise” Thrust Specific Fuel Consumption

(TSFC). TSFC is an industry standard parameter of fuel consumption per unit of thrust.

[0045] Fan Pressure Ratio is the pressure ratio across a blade of the fan section
22 without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio

according to one non-limiting embodiment of the example engine 20 is less than 1.45.

[0046] Low Corrected Fan Tip Speed is the actual fan tip speed divided by an

industry standard temperature correction of Temperature divided by 518.7 ~ 0.5. The

-7-
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Temperature represents the ambient temperature in degrees Rankine. The Low
Corrected Fan Tip Speed according to one non-limiting embodiment of the example

engine 20 is less than about 1150 fps (351 m/s).

[0047]  During typical operation of the engine 20, a pump 64 delivers a lubricant
(e.g., oil) to the fan 42 and other areas of the engine 20, such as the geared architecture
48. When the engine 20 operates, the fan 42 rotates around the axis A in a direction D:.

The lubricant lubricates the fan 42, the geared architecture 48, etc.

[0048] The example pump 64 is powered by rotations of the fan 42 in the
direction D:. If the rotations in the direction D: are fast enough, the pump 64 delivers
lubricant. Relatively low-speed rotations may not provide enough force to power the
pump 64. However, these low-speed rotations do not typically require much, if any,
lubricant. Windmilling rotations caused by winds that are less than 25 miles per hour

(10 kilometers per hour) are considered low-speed rotations in one example.

[0049] Notably, operating the engine 20 is not required to power the pump 64.
For example, the fan 42 may power the pump 64 when the fan 42 is windmilling.
Windmilling, as is known, refers to rotations of the fan 42 that are not due to engine
operations. In one example, the engine 20 is secured to a parked aircraft, and the engine
20 is exposed to wind. Air A represents the wind. The Air A causes the fan 42 to

windmill.

[0050]1 Rotations of the fan 42 in a direction D2, which is opposite the direction
Di, do not cause the pump 64 to deliver lubricant. In one example, rotation in the
direction D2 does not cause the pump 64 to deliver lubricant because rotation in the

direction D2 runs the pump 64 in a reverse direction.

[0051]1  Unlubricated rotations can damage the fan 42, the geared architecture

48, etc., especially if these rotations are high-speed rotations. Accordingly, the example

8-
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engine 20 includes a clutch assembly 68 that limits rotation of the fan 42 in the direction

Do

[0052] Referring now to Figures 2A-2B, the example clutch assembly 68 moves
between a first position and a second position. The clutch assembly 68 is in the first
position when the fan 42 is not rotating, or when the fan 42 is rotating at a rotational
speed less than a threshold speed. In the first position, the clutch assembly 68 blocks
rotation of the fan 42 in the direction D2. The clutch assembly 68 thus ensures any
windmilling rotations of the fan 42 are in a direction suitable for powering the pump 64.
The clutch assembly 68 moves to the second position when the fan 42 rotates at speeds

above the threshold speed.

[0053] In one example, the threshold speed corresponds to rotations of the fan
42 when wind moves at 25 miles per hour (40 kilometers per hour) through the engine
fan section 22. A rotational speed of the fan 42 exceed the threshold speed when the
speed of the wind though the fan section 22 is greater than 25 miles per hour (40

kilometers per hour).

[0054] In the second position, the clutch assembly 68 is disengaged. The clutch
assembly 68 offers very little resistance to rotation when the clutch assembly 68 is in the
second position. Because there is very little resistance, the clutch assembly 68 is not
significantly worn when the clutch assembly 68 is in the second position, which

increases the useful life of the clutch assembly 68.

[0055] As can be appreciated, rotations of the fan 42 above the threshold speed
are always in the direction D1.The threshold speed is typically set below an idle speed
of the engine 20 to ensure that the clutch assembly 68 is always in the second position

when the engine 20 is idling.
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[0056] An actuation assembly 70 controls movement of the clutch assembly 68
between the first position and the second position. The example actuation assembly 70
(and the clutch assembly 68) are mechanical devices. That is no wiring or electrical
signals are required to move the clutch assembly 68 between the first position and the
second position. That is, the actuation assembly 70 is driven exclusively by centrifugal
force and the mechanical action of levers and springs. No outside energy source, such
as electrical or hydraulic motors, are required to actuate the mechanism other than
mechanical rotation of the fan 42. In some other examples, the actuation assembly, the

clutch assembly, or both, may incorporate non-mechanical devices.

[0057] Many types of clutches are suitable for use in the clutch assembly 68.
Figures 3A-4B show an example ramp/roller clutch 78 for use in the clutch assembly 68
of Figures 2A-2B. The clutch 78 includes many features of the clutch described in United

States Patent No. 4531620, the contents of which are incorporated herein by reference.

[0058]1 The clutch 78 is shown in the first position in Figures 3A and 4A. The

clutch 78 is shown in the second position in Figures 3B and 4B.

[0059]1 In this example, an actuator 80 includes a pair of centrifugal weights 82a
and 82b that rotate with portions of the clutch 78 around an axis X. The weights 82a and
82b rotate together with the fan 42. The weights 82a and 82b are biased radially inward

to a position that holds the clutch 78 in the first position.

[00601 When the fan 42 rotates in the direction D1 faster than the threshold
speed, the centrifugal force on the weights 82a and 82b exceeds the biasing force and
the weights 82a and 82b are cast radially outward away from the axis X. As will be
explained in more detail, this radial movement of the weights 82a and 82b causes the

clutch 78 to move from the first position to the second position.

-10-
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[0061] When the rotation of the fan 42 no longer exceeds the threshold speed,
the weights 82a and 82b move back toward the axis X, which moves the clutch 78 back

to the first position.

[0062]1 The clutch 78 includes a shaft 84 that is coupled in rotation together with
the fan 42. When the clutch 78 is in the first position, rollers 88 contact a housing 90.
When the clutch 78 is in the first position, the rollers 88, an inner cage 92 and an outer
cage 94 rotate together relative to the housing 90 in a clockwise direction. In this
example, the housing 90 is mounted to a fixed bearing support or an engine static
structure. In this example, the shaft 84 is an inner shaft, and the housing 90 is an outer

cylindrical shaft.

[0063] Rotating the fan 42 and the shaft 84 in the counter-clockwise direction
causes the rollers 88 to bind between ramped surfaces 96 of the shaft 84 and the
cylindrical housing 90. Thus, when the clutch 78 is in the first position, the fan 42 is

only rotatable in one direction.

[0064] When the rotations of the first shaft 84 in a clockwise direction exceed
the threshold speed, the weights 82a and 82b are thrown radially outward due to
centrifugal force. The radial movement of the weights 82a and 82b pivots arms 98a and
98b, respectively. The arms 98a and 98b move the inner cage 92 axially against a biasing
force provided by a spring 100. The inner cage 92 rotates with respect to the shaft 84
when moved axially, which permits the rollers 88 to move circumferentially relative to
the shaft 84 and move into recessed areas 102. When the rollers 88 are in the recessed
areas 102, the rollers 88 are radially spaced from the housing 90. A circumferential

spring (not shown) may encourage this movement.

-11-
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[0065] Relative rotation of the inner cage 92 thus permits the rollers 88 to
disengage from the housing 90 and move radially inward to a position within an outer

cage 94. The clutch 78 is then considered to have moved to the second position.

[0066] Again, in the second position, the rollers 88 are radially spaced from the
housing 90. The outer cage 94 is also radially spaced from the housing 90. The resulting
clearance between the housing 90 and these portions of the clutch 78 enables the shaft
84 to freely rotate with little, if any, resistance from the rollers 88, or other portions of
the clutch 78. Since none of these parts contact each other, little, if any, wear occurs
when the clutch 78 is in the second position. When the rotational speed of the shaft 84
decreases, the circumferential force holding the weights 82a and 82b decreases. The
spring 100 is then able to move the inner cage 92 back to a position that holds the rollers

88 radially against the housing 90, i.e., the first position.

[00671 Features of the disclosed examples include a clutch experiencing very

little wear at rotational speeds above a threshold speed.

[0068] 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 the essence of this disclosure. Thus,
the scope of legal protection given to this disclosure can only be determined by

studying the following claims.
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CLAIMS

We claim:

1. A turbomachine clutch assembly, comprising:
a clutch that moves from a first position to a second position in response
to rotation of a turbomachine fan at a speed greater than a threshold speed, wherein
the clutch permits rotation of the turbomachine fan in a first direction
whether the clutch is in the first position or the second position, and
the clutch limits rotation of the turbomachine fan in an opposite, second

direction when the clutch is in the first position.

2. The turbomachine clutch assembly of claim 1, wherein the turbomachine fan is a

ducted fan.

3. The turbomachine clutch assembly of claim 1, wherein the threshold speed is less

than an idling speed.

4. The turbomachine clutch assembly of claim 1, wherein the threshold speed is a

threshold rotational speed of the fan.

5. The turbomachine clutch assembly of claim 1, wherein the clutch is an entirely

mechanical clutch.

6. The turbomachine clutch assembly of claim 1, wherein the clutch moves from the
second position to the first position in response to rotation of a turbomachine fan no

longer exceeding the threshold speed.

-13-
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7. The turbomachine clutch assembly of claim 1, including a lubrication system that
lubricates the turbomachine fan, the lubrication system powered by the turbomachine

fan rotating in the first direction.

8. The turbomachine clutch assembly of claim 1, wherein the clutch permits rotation of

the turbomachine fan in the second direction when the clutch is in the second position.

9. The turbomachine clutch assembly of claim 1, wherein the turbomachine fan is in a

turbomachine that rotates the turbomachine fan in the first direction during operation.

10. A mechanical clutch assembly for a turbomachine, comprising;:

a fan; and

a clutch moveable between a first position that permits windmilling rotations of
the fan, and a second position that limits windmilling rotations of the fan in one

direction, wherein the clutch is a mechanical clutch.

11. The mechanical clutch assembly of claim 10, wherein clutch includes a
counterweight system that changes positions in response to centrifugal force, the
counterweight system moving the clutch from the first position to the second position

when the counterweight system changes positions.

12. The mechanical clutch assembly of claim 11, wherein the counterweight system is

biased toward positioning the clutch in the first position.

13. The mechanical clutch assembly of claim 12, including a spring that biases the

counterweight system.

-14-
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14. The mechanical clutch assembly of claim 11, wherein the counterweight system

changing positions initiates movement of radial movement of rollers in the clutch.

15. The mechanical clutch assembly of claim 10, wherein the clutch is a ramp/roller

clutch.

16. A method of controlling rotation of a turbomachine fan, including:
engaging a clutch to prevent rotation of a turbomachine fan in a first direction
when a rotational speed of the turbomachine fan is below a threshold speed; and
disengaging the clutch when the rotational speed of the turbomachine fan meets

or exceeds the threshold speed.

17. The method of claim 16, wherein the engaging and disengaging is entirely

mechanical.

18. The method of claim 16, including using centrifugal weights to control the engaging

and the disengaging.

-15-
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