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THRUST REVERSER ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] Turbine engines, and particularly gas or combustion turbine engines, are rotary engines
that extract energy from a flow of combusted gases passing through the engine onto a multitude
of turbine blades. Gas turbine engines have been used for land and nautical locomotion and
power generation, but are most commonly used for aeronautical applications such as for aircraft,
including helicopters. In aircraft, gas turbine engines are used for propulsion of the aircraft. In
terrestrial applications, turbine engines are often used for power generation.

[0002] Thrust reverser assemblies are used within turbine engines to provide a reverse thrust,
for example, for deceleration. Reverse thrust is typically achieved by deploying a door assembly
into a bypass duct which diverts air from an aft direction to forward direction. The door
assembly is deployed with an actuation assembly by axially moving an outer cowl or sleeve to
release the door into the bypass duct.

[0003] Traditionally the outer door is part of a translating cowl requiring a separate actuator
assembly which can add weight and take up valuable space within the nacelle. Thus, there is a
need for a blocker door implementation which uses a smaller actuation system and reduces

weight added to the nacelle and propulsion system.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect of the present disclosure, a gas turbine engine, comprising: a core engine;
a nacelle surrounding at least a portion of the core engine; a bypass duct defined by and between
the nacelle and the core engine and defining an fore-to-aft airflow conduit; an outer door
movable between a stowed position and an deployed position, where the outer door extends
outwards from the nacelle; a blocker door movable between a stowed position and an deployed
position, where the blocker door extends into the airflow conduit to deflect air outwards; and a
rotary actuator assembly operably coupled to the outer door and selectively moving the outer
door between the stowed and deployed positions and operably coupled to the blocker door and
selectively moving the blocker door between the stowed and deployed positions.

[0005] According to a second aspect of the present disclosure, a thrust reverser assembly for a
gas turbine engine including a core engine, a nacelle surrounding at least a portion of the core
engine to define a bypass duct between the nacelle and the core engine, including: an outer door
movable between a stowed position and an deployed position, where the outer door extends
outwards from the nacelle; a blocker door movable between a stowed position and an deployed

position, where the blocker door extends into an airflow conduit defined by the bypass duct to
1



WO 2017/193052 PCT/US2017/031380

deflect air outwards; and a rotary actuator assembly operably coupled to the outer door and
selectively moving the outer door between the stowed and deployed positions and operably
coupled to the blocker door and selectively moving the blocker door between the stowed and
deployed positions.

[0006] According to a third aspect of present disclosure, a method of operating a thrust
reverser system for an aircraft, comprising: deploying, by a rotary actuator, an outer door from a
stowed position to a deployed position, where the outer door extends outwards from a nacelle of
a gas turbine engine of the aircraft; and deploying, by the rotary actuator, a blocker door from a
stowed position to a deployed position, where the blocker door extends into an airflow conduit
defined by a bypass duct defined by and between the nacelle and a core engine; and wherein the
blocker door and outer door redirect fan duct airflow causing the airflow to exit out and forward

as guided by the deployed outer door.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings:

[0008] FIG. 1 is a schematic cross-sectional diagram of a gas turbine engine for an aircraft
including a thrust reverser assembly in a first position.

[0009] FIG. 2 is a perspective view of the thrust reverser assembly from FIG. 1 in a stowed
position.

[0010] FIG. 3 is a perspective view of the thrust reverser assembly from FIG. 1 in a deployed
position.

[0011] FIG. 4 is a perspective view of a blocker door for the thrust reverser assembly of FIG.
3.

[0012] FIG. 5 is a schematic cross-sectional view of the thrust reverser assembly of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The described aspects of the present disclosure are directed to a thrust reverser
assembly, particularly in a gas turbine engine. For purposes of illustration, the present disclosure
will be described with respect to an aircraft gas turbine engine. It will be understood, however,
that the present disclosure is not so limited and can have general applicability in non-aircraft
applications, such as other mobile applications.

[0014] Traditional thrust reversers for medium to large turbofan engines utilize a translating

cowl/cascade design in which the translating cowl is pushed axially aft to expose the cascades. A
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series of blocker doors are rotated by this action to block the fan duct and re-direct flow through

the cascades, turning the flow forward to provide reverse thrust.

[0015] Alternatively, a smaller number of thrust reversers can utilize a pivoting door
configuration where large external doors are pivoted into the external flow acting as a brake and
the aft end of the door pivots into the fan duct, blocking and re-directing the fan flow based on
the shape and angle of the door.

[0016] The rotary actuation thrust reverser disclosed herein eliminates the aft movement of the
translating cowl and uses rotary actuators to move two separate sets of doors. The translating
cowl becomes a fixed cowl panel. The first set of doors, is rotated out into the external flow
while the second set rotates independently down to block the fan duct flow.

[0017] The re-direction of the fan flow may be achieved using only the angle and shape of the
internal and external doors, or may be combined with cascades that are shorter and simpler than
those used in a traditional cascade reverser.

[0018] Higher bypass turbofan engines with larger fan diameters would typically result in
larger diameter, longer nacelles with the associated penalties of increased drag, reduced ground
clearance, increased aerodynamic interference with wing and high lift devices and increased
weight & cost.

[0019] Short nacelles for high bypass turbofan applications are very limited in packaging
space, and ball screw or linear actuators used in conventional translating thrust reversers
exacerbate this problem by locating actuation system components on the front side of a thrust
reverser torque box, impinging into the space available under a fan cowl. This problem is further
complicated in the case of translating cascade designs, as the cascades are stowed in the fan cowl
space and must be moved aft along with the translating cowl for thrust reverser deployment. By
eliminating the long actuators necessary for linear translation of a conventional translating cowl,
significant space becomes available under the fan cowl for accessory mounting.

[0020] In order to preserve all of the benefits of the larger bypass turbofan the engineering
challenge is to create a shorter more slim line nacelle while preserving the acoustic and
aerodynamic contributions of a thrust reverser. The rotary actuation system thrust reverser
facilitates a shorter nacelle by eliminating axial translation of the outer cowl and the required
engaged length of that cowl in its translated aft position. In addition, achieving the required
reverse thrust by a combination of external doors with, optionally, a shorter cascade also
provides the benefit of reduced length. Integrated design of the inner & outer doors, rotary
actuator mounting structure and simpler cascades with an eliminated axially translating actuation
system may also result in a smaller required packaging envelope that facilitates a slimmer

nacelle.
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[0021] Asused herein, the term “forward” or “upstream” refers to moving in a direction
toward the engine inlet, or a component being relatively closer to the engine inlet as compared to
another component. The term “aft” or “downstream” refers to a direction toward the rear or
outlet of the engine relative to the engine centerline.

[0022] Additionally, as used herein, the terms “radial” or “radially” refer to a dimension
extending between a center longitudinal axis of the engine and an outer engine circumference.
[0023] It should be further understood that “a set” can include any number of the respectively
described elements, including only one element.

[0024] All directional references (e.g., radial, axial, proximal, distal, upper, lower, upward,
downward, left, right, lateral, front, back, top, bottom, above, below, vertical, horizontal,
clockwise, counterclockwise, upstream, downstream, aft, etc.) are only used for identification
purposes to aid the reader’s understanding of the present disclosure, and do not create
limitations, particularly as to the position, orientation, or use of the present disclosure.
Connection references (e.g., attached, coupled, connected, and joined) are to be construed
broadly and can include intermediate members between a collection of elements and relative
movement between elements unless otherwise indicated. As such, connection references do not
necessarily infer that two elements are directly connected and in fixed relation to one another.
The exemplary drawings are for purposes of illustration only and the dimensions, positions,

order and relative sizes reflected in the drawings attached hereto can vary.

[0025] FIG. 1 schematically represents a gas turbine engine 10 including a nacelle 12
surrounding at least a portion of a core engine 14. The engine 10 has a generally longitudinal
extending axis or centerline 36 extending forward to aft. A fan assembly 16 located in front of
the core engine 14 includes a spinner nose 18 projecting forwardly from an array of fan blades
20. The core engine 14 is schematically represented as including a high-pressure compressor 22,
a combustor 24, a high-pressure turbine 26 and a low-pressure turbine 28. A large portion of the
air that enters the fan assembly 16 is bypassed to the rear of the engine 10 to generate engine
thrust. The bypassed air passes through an annular-shaped bypass duct 30 defining a fore-to-aft
airflow conduit 31 between the nacelle 12 and an inner core cowl 32, and exits the bypass duct
30 through a fan exit nozzle 34. The inner core cowl 32 defines the radially inward boundary of
the bypass duct 30, and provides a transition surface to a primary exhaust nozzle 38 that extends
aft from the core engine 14. The nacelle 12 defines the radially outward boundary of the bypass
duct 30. The bypassed fan airflows through the fore-to-aft airflow conduit 31 before being

exhausted through the fan exit nozzle 34.
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[0026] The nacelle 12 can include three primary elements that define the external boundaries

of the nacelle 12: an inlet assembly 40, a fan cowl 42 interfacing with an engine fan case that
surrounds the fan blades 20, and a thrust reverser assembly 44 located aft of the fan cowl 42. The
thrust reverser assembly 44 includes three primary components: outer doors 48 mounted to the
nacelle 12 and adapted to extend outwards from stowed positions shown in FIG. 1, a cascade
element 52 schematically represented within the nacelle 12, and multiple blocker doors 50
adapted to be pivotally deployed (FIG. 3) from a stowed position, shown in FIG. 1, where the

blocker door 50 is radially inward from the cascade element 52.

[0027] The cascade element 52 is a fixed structure of the nacelle 12, whereas the outer door 48
and the blocker door 50 are adapted to be moveable and are coupled to a rotary actuator
assembly 54 capable of producing rotary motion or transferring torque to a lever arm 57 coupled
to the outer and blocker doors 48, 50. When pivoted into the air duct 30, a fore end 59 of the

blocker door 50 remains adjacent to or spaced from the inner cowl 32.

[0028] While two outer doors 48 and blocker doors 50 are shown in FIG. 1, a set of outer
doors 48 are typically circumferentially spaced around the nacelle 12 and a set of blocker doors

50 are radially spaced about the core engine 14.

[0029] In traditional thrust reverser assemblies, a translating cowl portion is included and it
translates aft to expose any included cascade elements. Conversely, in the present disclosure, a
fixed outer cowl portion 46 is included in the nacelle. The fixed outer cowl portion 46 is aft of
the outer door 48 and the blocker door 50. In this manner, the fixed outer cowl portion 46 can be
considered integrated with the remainder of the nacelle 12. The fixed outer cowl portion 46 can

also provide housing for the rotary actuator assembly 54.

[0030] FIG. 2 illustrates a perspective view of a portion of the thrust reverser assembly 44 in
which the outer and blocker doors 48, 50 are in a stowed position 58. The cascade element has
been removed for illustrative purposes to allow a clearer view of the rotary actuator assembly 54
including a rotary actuator 56 which can be multiple rotary actuators 56. The rotary actuator 56
is housed within the fixed outer cowl portion 46, which can include sections 61 extending

forward creating a frame encompassing the blocker door 50 when in the stowed position 58.

[0031] A fore-aft beam 62 formed from a suitable structural material including, but not limited
to steel or aluminum or composite, can couple the outer cowl portion 46 to the fan cowl 42. The

fore-aft beam 62 provides structural support for an arcuate structural frame 60 and for a terminal
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end 64 of the thrust reverser assembly 44. When fully assembled, a plurality of fore-aft beams 62

circumscribe the inner core cowl 32.

[0032] The arcuate structural frame 60 can be housed within the outer cowl portion 46 to
provide a mounting platform for the rotary actuator 56. The frame 60 also provides structural
integrity for the thrust reverser assembly 44 wherein when in use, forces applied to the outer and

blocker doors 48, 50 can be dissipated or transferred to the arcuate structural frame 60.

[0033] The terminal end 64 forms a seal between the fan cowl 42 and the thrust reverser
assembly 44. The terminal end 64 comprises multiple structural parts which together or
separately form an annular structure. A portion of the terminal end 64 can be formed to provide a
sealing surface 66 for the blocker doors 50. The sealing surface 66 can be arcuate and formed
from a lightweight steel. The arcuate form provided on the sealing surface 66 provides for a

smooth seal between the blocker door 50 and the sealing surface 66.

[0034] The rotary actuator 56 can be a planetary rotary actuator having a plurality of fixed ring
gears 70 and moveable output ring gears 72 each integrated with attachment lugs 74, where the
attachment lugs 74 formed on the moveable output ring gears 72 are further coupled to the lever
arms 57. When a signal is received rotating of the moveable output gears enables the outer and
blocker doors 48, 50 to rotate from a stowed position to a deployed position. While illustrated as
a compound planetary rotary actuator, the rotary actuator 56 can be for example, but not limited
to, an individual, slave, hydraulic, or electric rotary actuator, or any other rotary actuator known
in the art. The rotary actuator 56 can also include individual gearboxes that are powered and
synchronized mechanically or electrically and allow the independent movement of the blocker

and outer doors.

[0035] FIG. 3 is similar to the perspective view of FIG. 2 but with the outer and blocker doors
48, 50 in a deployed position 68 and with the cascade element 52 illustrated. When a signal
from a controller is received the rotary actuator assembly 54 causes the rotary actuator 56 to
selectively move the lever arms 57. Each lever arm 57 can be separately mounted to an inside
portion 55 of the outer and blocker doors 48, 50 keeping the bypass duct 30 and outside surface
of the outer cowl 46 free of any air gaps or holes during operation. The outer door 48 moves
outwards from the nacelle and the blocker door 50 moves into the bypass duct 30. When fully
deployed the blocker door 50 comes to rest at an angle less than 90° to its stowed position 58
adjacent the inner core cowl 32. It can be further contemplated that stops (not shown) can be
mounted to the inner core cowl 32 for supporting adjacent to or in engagement with the fore end

59 of the blocker door 50 in a fully deployed state.
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[0036] The outer and blocker doors 48, 50 are illustrated as a pair coupled to each other by the

rotary actuator assembly 54. It should be understood that these pairs together circumscribe the

engine core 14.

[0037] By allowing independent movement the doors may be optimally timed to address area
match between the fan duct exhaust nozzle and the reverse thrust open area. Further, independent
opening of the doors allows individual optimization of the door opening angles and reverse

thrust performance.

[0038] Alternatively, the cascade element 52 can be integrated with the necessary strength and
stiffness to provide the structural support, which is currently provided by the fore-aft beam 62, to
the arcuate structural frame 60 and terminal end 64. This reallocating of support can provide the

thrust reverser assembly 44 with more room and less parts.

[0039] FIG. 4 is an additional perspective view looking radially inward toward the blocker
door 50 in the stowed position 58. A flex shaft 76 can extend through the rotary actuator 56 to
connect multiple actuators of proximate outer and blocker door 48, 50 pairs. An lever arm 57
operably couples the blocker door 50 to the rotary actuator 56 such that the rotary motion of the
rotary actuator 56 is translated to move the blocker door 50 between the stowed position 58 and
the deployed position 68. Multiple rotary assemblies connected by the flex shaft 76 can be
powered by a single motor or can each be powered individually and synchronized mechanically
or electrically to deploy simultaneously. It will be further understood that both the rotary
actuator 56 can be pneumatic, hydraulic or electrically driven. The electrically driven approach

can include reduced system complexity and increased controllability.

[0040] FIG. 5 depicts a close-up schematic view of the thrust reverser assembly 44 with the
outer door 48 and blocker door 50 moved from the stowed position 58 (shown in phantom) to the

deployed position 68.

[0041] The rotary actuator 56 can be configured to selectively move the lever arms 57 coupled
to both the outer door 48 and the blocker door 50 between the stowed position 58 and the
deployed position 68 to an angle 6 which can be between 25 and 60 degrees. The deployed
position 68 exposes the cascade element 52 so that the outer door 48 projection acts as an air

brake causing an increase in drag or force acting opposite the relative motion of the engine 10.

[0042] The rotary actuator 56 can also selectively move the blocker door 50 from the stowed

position 58 to the deployed position 68, where it comes to rest adjacent to the inner core cowl 32
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to decrease stress produced by fan duct airflow 78. In a fully deployed position 68, the blocker

door 50 substantially blocks the fan duct airflow 78 from passing through the airflow conduit 31
and deflects the airflow 78 outwards. Air within the bypass duct 30 is redirected towards the
exposed cascade element 52 providing a thrust reversal effect by redirecting the fan duct airflow
78 within the bypass duct 30 to exit out and forward through the cascade element 52 becoming a
reverse thrust flow 80. Redirecting the bypassed air into a forward direction produces a force in
the opposite direction of travel to ensure deceleration. The sealing surface 66 can act as a flow
web to aid in directing fan duct airflow through the cascade element 52. It is contemplated that
the movement of the outer door 48 and the blocker door 50 can be done simultaneously or

sequentially.

[0043] During operation, when the outer door 48 and the blocker door 50 have been moved to
the deployed positions, respectively, the fan duct airflow 78 presses against the blocker door 50
with a force, creating a load determined by the airflow pressure and the surface area of the
blocker door 50. The load can be transferred from the blocker door 50 to the rotary actuator 56
and then to the structural frame 60, or the cascade element 52 as the case may be. The outer cowl
portion 46 can receive some of the transferred load as well. Additionally, the load can be shared
by the inner core cowl 32 and the core engine 14, better adapted to bear the load. Thus, the load

created by the force of the fan duct airflow 78 on the rotary actuator 56 can be reduced.

[0044] The controller module (not shown) can be operably coupled to the thrust reverser
assembly 44 to control its operation. The controller can receive a signal from a user, for example
a pilot of an aircraft, when thrust reverser force is necessary to slow or brake the aircraft and a
second signal when thrust reverser forces are no longer necessary. The signal can be sent to the
rotary actuator 56. As described herein, the movement of the rotary actuator assembly 54 can be
programmed to move the outer and blocker doors 48, 50 simultaneously or independent of each
other. It will be understood that the controller module can include one or more processors to

operate the movement of the thrust reverser assembly 44.

[0045] Benefits to implementing a rotary actuator assembly include an efficient packaging of a
system that can replace a conventional linearly translated thrust reverser. Space required for
linear actuation system used in translating the cowl in an aft direction is no longer necessary,
allowing for additional space within the outer cowl for mounting the accessories necessary for
implementing the rotary actuator assembly. In addition, the need for slider, slider track and cowl

guide components on the translating cowl and hinge/latch beams will be eliminated providing a
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complexity, part count and weight reduction. Smaller hinge and latch beams will also allow

improved fan duct aero lines with associated aerodynamic drag reductions.

[0046] Accessories for mounting the rotary actuator assembly require less space than the
conventional linearly translated thrust reverser allowing for better fan duct aerolines.

Additionally, smaller hinge and latch beam parts provide for weight reduction.

(00471 It should be appreciated that the operation of the blocker doors 50 and their guided and
rotating connections are not dependent on any particular type of cascade design, and in fact the
present disclosure could be instalied in a non-cascade reverser design tn which the bypassed air
is diverted from the bypass duct through openings of various configurations. Furthermore,
whereas the blocker door SO 1s shown with a rigid construction that does not intentionally bend,
flex or fold during its deployment, blocker doors having any of these capabilities are also within
the scope of the present disclosure. It should be further vnderstood that an extended length
blocker door or folding door that extends as it is deployed can be utilized to provide an outer
door 48 that, when deploved, is capable of extending into the external airflow to provide
additional retarding drag. Finally, it should also be appreciated that the thrust reverser assembly
44 and its individual components can be constructed of various materials, including metallic,
plastic and composite materials commonly used in aercspace applications and fabricated by

machining, casting, molding, lamination, etc., and combinations thereof.

[0048] In any of the above various aspects, a protective coating, such as a thermal barrier
coating, or multi-layer protective coating system can be applied to the cowls or engine
components. The various aspects of systems, methods, and other devices related to the present
disclosure disclosed herein provide an improved thrust reverser assembly, particularly in regard
to packaging engine systems under a fan cowl.

[0049] The rotary actuation system is anticipated to yield improved packaging within a smaller
space envelope. This in combination with a non-deploying outer cowl will result in a shorter
nacelle and also help to facilitate a slimmer nacelle with a reduced outer diameter. The
aerodynamic drag and overall weight will be reduced and the acoustic performance should be
maintained.

[0050] These combined benefits will be manifested as reduced specific fuel consumption or
improved engine performance versus a conventional thrust reverser. In addition, the ready
availability of electrically powered rotary actuators may also assist in facilitating the “More

Electric” aircraft.



WO 2017/193052 PCT/US2017/031380
[0051] Itis assumed that the cascades may be designed to be both simpler and shorter than

conventional cascades due to the increased reverse thrust and aerodynamic drag caused by the
outer doors.

[0052] The traditional thrust reverser forward torque box would be significantly reduced in
complexity and weight, primarily becoming an aerodynamic fairing to guide re-directed fan
flow. The translating cowl would no longer slide aft in operation - significantly reducing the
complexity and weight of both the cowl and the reverser beams which no longer provide the
slider tracks.

[0053] An additional use for the thrust reverser system described herein could be for a
reversible pitch fan installation, allowing air to be re-directed from outside of the nacelle towards
the fan as the fan is operating in a reverse pitch mode in order to provide reverse thrust.

[0054] This written description uses examples to disclose the present disclosure, including the
best mode, and to enable any person skilled in the art to practice the present disclosure, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the present disclosure is defined by the claims, and can include other
examples that occur to those skilled in the art. Such other examples are intended to be within the
scope of the claims if they have structural elements that do not differ from the literal language of
the claims, or if they include equivalent structural elements with insubstantial differences from

the literal languages of the claims.

10



WO 2017/193052 PCT/US2017/031380
CLAIMS

What is claimed is:
1. A gas turbine engine, comprising:
a core engine;
a nacelle surrounding at least a portion of the core engine;

a bypass duct defined by and between the nacelle and the core engine and defining a fore-

to-aft airflow conduit;

an outer door movable between a stowed position and a deployed position, where the

outer door extends outwards from the nacelle;

a blocker door movable between a stowed position and a deployed position, where the blocker

door extends into the airflow conduit to deflect airflow outwards; and

a rotary actuator assembly operably coupled to the outer door and selectively moving the
outer door between the stowed and deployed positions and operably coupled to the blocker door

and selectively moving the blocker door between the stowed and deployed positions.

2. The gas turbine engine of claim 1, further comprising a cascade element located within

the nacelle.

3. The gas turbine engine of claim 2 wherein the blocker door is located directly below the

cascade element.

4. The gas turbine engine of claim 1 wherein the nacelle comprises an outer cowl portion aft

of the blocker doors and wherein the outer cowl portion is fixed.

5. The gas turbine engine of claim 1 wherein the outer door in the deployed position is at an
angle between 25 degrees and 60 degrees from the nacelle such that its projection acts as an air
brake.

6. The gas turbine engine of claim 1 wherein the outer door redirects the airflow causing it

to exit out and forward.

11
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7. The gas turbine engine of claim 1 wherein the rotary actuator assembly comprises

multiple rotary actuators that are individually powered and synchronized mechanically or

electrically.

8. The gas turbine engine of claim 1 wherein the rotary actuator assembly comprises

multiple rotary actuators that are powered with a single motor.

0. The gas turbine engine of claim 1, further including multiple blocker doors radially

spaced about the core engine.

10. The gas turbine engine of claim 9, further including multiple outer doors radially spaced

about the nacelle.

11.  The gas turbine engine of claim 10 wherein the multiple outer doors and the multiple

blocker doors are paired about the gas turbine engine.

12. A thrust reverser assembly for a gas turbine engine including a core engine, a nacelle
surrounding at least a portion of the core engine to define a bypass duct between the nacelle and

the core engine, including:

an outer door movable between a stowed position and a deployed position, where the outer door

extends outwards from the nacelle;

a blocker door movable between a stowed position and a deployed position, where the blocker

door extends into an airflow conduit defined by the bypass duct to deflect air outwards; and

a rotary actuator assembly operably coupled to the outer door and selectively moving the
outer door between the stowed and deployed positions and operably coupled to the blocker door

and selectively moving the blocker door between the stowed and deployed positions.

13. The thrust reverser assembly of claim 12, further comprising a cascade element located

within the nacelle.

14.  The thrust reverser assembly of claim 13 wherein the blocker door in the stowed position,
is located below the cascade element and the outer door, in the stowed position, is located above

the cascade element.

15.  The thrust reverser assembly of claim 12 wherein the nacelle comprises an outer cowl

portion aft of the blocker doors and wherein the outer cowl portion is fixed.

12
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16. The thrust reverser assembly of claim 12 wherein the rotary actuator assembly comprises
multiple rotary actuators that are individually powered and synchronized mechanically or

electrically.

17. The thrust reverser assembly of claim 12, further including multiple blocker doors

radially spaced about the core engine and multiple outer doors radially spaced about the nacelle.
18. A method of operating a thrust reverser system for an aircraft, comprising:

deploying, by a rotary actuator, an outer door from a stowed position to a deployed
position, where the outer door extends outwards from a nacelle of a gas turbine engine of the

aircraft; and

deploying, by the rotary actuator, a blocker door from a stowed position to a deployed position,
where the blocker door extends into an airflow conduit defined by a bypass duct defined by and

between the nacelle and a core engine; and

wherein the blocker door and outer door redirect fan duct airflow causing the airflow to exit out

and forward as guided by the deployed outer door.

19. The method of claim 18 wherein deploying the blocker door deflects air through a

cascade element.

20. The method of claim 18 wherein the deploying the outer door and deploying the blocker

door occurs simultaneously.

13
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