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THRUST REVERSER POSITION DETERMINATION SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application
No. 60/307,527, filed July 24, 2001.

BACKGROUND OF THE INVENTION
[0002] The present invention relates to jet engine thrust reversers and, more
particularly, to a thrust reverser actuation system with the ability to determine the
position of system components from the rotational position of a motor within the
system.
[0003] When a jet-powered aircraft lands, the landing gear brakes and
imposed aerodynamic drag loads (e.g., flaps, spoilers, etc.) of the aircraft may not
be sufficient to slow the aircraft down in the required amount of runway distance.
Thus, jet engines on most aircraft include thrust reversers to enhance the braking
of the aircraft. When deployed a thrust reverser redirects the rearward thrust of
the jet engine to a forward or semi-forward direction to decelerate the aircraft
upon landing. When in the stowed position, the thrust reverser is in a position that
generally does not redirect the engine thrust.
[0004] Various thrust reverser designs are commonly known, and the
particular design utilized depends, at least in part, on the engine manufacturer, the
engine configuration, and the propulsion technology being used. Thrust reverser
designs used most prominently with turbofan jet engines fall into three general
categories: (1) cascade-type thrust reversers; (2) target-type thrust reversers; and
(3) pivot door thrust reversers. Each of these designs employs a different type of
moveable thrust reverser component to change the direction of the jet thrust.
[0005] Cascade-type thrust reversers are normally used on high-bypass ratio
jet engines. This type of thrust reverser is located on the circumference of the

engine’s midsection and, when deployed, exposes and redirects air flow through a
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plurality of cascade vanes positioned on the outside of the engine. The moveable
thrust reverser component in the cascade may includes several translating sleeves
or cowls (“transcowls”) that are deployed to expose the cascade vanes. Target-
type reversers, also referred to as clamshell reversers, are typically used with low-
bypass ratio jet engines. Target-type thrust reversers use two doors as the
moveable thrust reverser component to block the entire jet thrust coming from the
rear of the engine. These doors are mounted on the aft portion of the engine and
form the rear part of the engine nacelle. Pivot door thrust reversers may utilize
four doors on the engine nacelle as the moveable thrust reverser components. In
the deployed position, these doors extend outwardly from the nacelle to redirect
the jet thrust.

[0006] The primary use of thrust reversers is, as noted above, to enhance the
braking power of the aircraft, thereby shortening the stopping distance during
landing. Hence, thrust reversers are usually deployed during the landing process
to slow the aircraft. The moveable thrust reverser components in each of the
above-described designs are moved between the stowed and deployed position by
means of actuators. Power to drive the actuators may come from one or more
drive motors or from a hydraulic or pneumatic fluid system connected to the
actuators, depending on the system design requirements.

[0007] One way of monitoring and determining the position of a thrust
reverser is to use one or more position sensors mounted on a gearhead reducer.
However, the degree of accuracy attained by such sensors may not be sufficiently
precise for some applications. In particular, the degree of inaccuracy of these
position sensors may be great enough that a position sensor could indicate that the
thrust reverser is stowed when it is not.

[0008] When highly accurate thrust reverser position information is desired,
employing higher accuracy position sensors may add both excess weight and cost
to the thrust reverser system. Additionally, under some system architectures,
position sensors provide the sole source of position information for the thrust

reverser components. Thus, a secondary source of position information is lacking
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to backup the primary indicator. However, it should be appreciated that current
thrust reverser systems are generally reliable and safe. '
[0009] In view of the foregoing, there is a need for a thrust reverser system
that accurately determines the position of the system’s moveable components to
solve one or more of the drawbacks identified above, including the accurate
determination of the absolute position of a thrust reverser component, and/or the
avoidance of the weight and cost associated with current position sensors, and/or
that has a back-up determination of thrust reverser component position without
adding additional components and/or weight to the existing system. The present

invention satisfies one or more of these needs.

SUMMARY OF THE INVENTION
[0010] The present invention provides an improved thrust reverser system
and method that determines thrust reverser position based on the rotational
position of the motor used to drive the thrust reverser actuators.
[0011] In one embodiment of the present invention, and by way of example
only, a system for determining the position of a jet engine thrust reverser
component includes a motor, at least one actuator, a first rotational position
sensor, and a circuit. The actuator is coupled to the motor and is operable to move
the thrust reverser component in response to rotation of the motor. The first
rotational position sensor is operable to sense a rotational position of the motor
and supply a first rotational position signal representative thereof. The circuit is
coupled to receive at least the first rotational position signal and is operable to
determine thrust reverser component position based at least in part on the first
rotational position signal.
[0012] In another exemplary embodiment, a jet engine thrust reverser
control system includes an electric motor, at least one actuator, a first rotational
position sensor, and a circuit. The actuator is coupled to the electric motor and is
operable to move a thrust reverser in response to rotation of the motor. The first

rotational position sensor is operable to sense a rotational position of the electric
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circuit is coupled to receive at least the first rotational position signal and is
operable to determine thrust reverser position based at least in part on the first
rotational position signal.

[0013] In yet another exemplary embodiment, in a thrust reverser control
system having a motor operably coupled to move a thrust reverser component
between a stowed position and a deployed position, a method of determining jet
engine thrust reverser component position includes rotating the motor, counting
revolutions of the motor, and converting the counted motor revolutions into thrust
reverser component position.

[0014] In still a further exemplary embodiment, in a thrust reverser control
system having a motor operably coupled to move a thrust reverser component
between a stowed position and a deployed position, and that implements an
algorithm to determine thrust reverser component position from a position of the
motor, a method of declaring the algorithm valid includes rotating the motor to
move the thrust reverser component toward the stowed position, determining that
the thrust reverser component is stowed, and declaring the algorithm valid when
thrust reverser component stowage is determined.

[0015] Other independent features and advantages of the preferred system
and method will become apparent from the following detailed description, taken
in conjunction with the accompanying drawings which illustrate, by way of

example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 is a perspective view of an aircraft engine,
FIG. 2 is a perspective view of portions of an engine fan cowl and
thrust reverser system utilized with the engine of FIG. 1;

FIG. 3 is a partial cross section view taken along line 3-3 of FIG. 2;
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FIG. 4 is a simplified functional schematic representation of an
exemplary thrust reverser control system according to an embodiment of the
present invention;

FIG. 5 is a state diagram depicting the various operational states in
which the control system of FIG. 4 may operate;

FIG. 6 is a flowchart depicting a method for determining thrust
reverser position from actuator motor rotations according to an exemplary
embodiment of the present invention;

FIG. 7 is a flowchart depicting an exemplary method for zeroing
the position algorithm used in the method depicted in FIG. 6;

FIG. 8 is a flowchart depicting an exemplary method for declaring
thrust reversers stowed and locked;

FIG. 9 is a flowchart depicting an exemplary method for
confirming that a thrust reverser motor is stalled;

FIG. 10 is a flowchart depicting an exemplary method for
confirming whether or not a thrust reverser is in its stowed position;

FIG. 11 is a flowchart depicting an exemplary method for detecting
thrust reverser movement following an intermittent, in-flight power outage and
subsequent power-on-reset event; and

FIGS. 12-23 are exemplary timing diagrams illustrating various
signals that are generated to implement a deploy/stow operation according to an

exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0017] Before proceeding with the detailed description of the invention, it is
to be appreciated that the present invention is not limited to use in conjunction
with a specific thrust reverser system design. Although the present invention is
explicitly described as being implemented in a cascade-type thrust reverser

system, in which transcowls are used as the moveable thrust reverser component,
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it will be appreciated that it can be implemented in other thrust reverser system
designs.

[0018] Turning now to the description, and with reference first to FIG. 1, a
perspective view of portions of an aircraft jet engine fan case 10 that incorporates
a cascade-type thrust reverser is depicted. The jet engine fan case 10 includes a
pair of semi-circular transcowls 12 that are positioned circumferentially on the
outside of the jet engine fan case 10.

[0019] As shown more particularly in FIGS. 2 and 3, the transcowls 12 cover
a plurality of cascade vanes 14, which are positioned between the transcowls 12
and a bypass air flow path 16. When in the stowed position, as depicted in FIG. 3,
the transcowls 12 are pressed against one or more stow seals 15, which keep air in
the bypass air flow path 16 when the thrust reversers are in the stowed position. A
series of blocker doors 18 are mechanically linked to the transcowls 12 via a drag
link 22 that is rotatably connected to an inner wall 24 that surrounds the engine
core 26. Inthe stowed position, the blocker doors 18 form a portion of an outer
wall 25 and are therefore oriented parallel to the bypass air flow path 16. When
the thrust reversers are commanded to deploy, the transcowls 12 are translated aft,
causing the blocker doors 18 to rotate into a deployed position, such that the
bypass air flow path 16 is blocked. This also causes the cascade vanes 14 to be
exposed and the bypass air flow to be redirected out the cascade vanes 14. The re-
direction of the bypass air flow in a forward direction creates a reverse thrust and,
thus, works to slow the airplane.

[0020] One or more actuators 28 per engine are used to operate the
transcowls 12. The actuators 28 are mounted to a stationary forward frame 32 and
each includes an actuator element 34, such as a ball screw, that is connected to the
transcowls 12. The actuators 28 interconnect with each other via a synchronization
mechanism, such as a plurality of flexible shafis 36. The flexible shafts 36 ensure
that the actuators 28 move at substantially the same rate. Thus, ,’when the actuators
28 rotate, the actuator elements 34 and the connected transcowls 12 are caused to

translate at substantially the same rate.
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[0021] An actuation control system controls movement of the transcowls 12
from a locked and stowed position to an unlocked and deployed position for
producing reverse thrust, and returns the transcowls 12 from the deployed position
back to the stowed and locked position. A simplified functional schematic
representation of an exemplary thrust reverser actuation control system is depicted
in FIG. 4. The actuation control system 40 includes a plurality of actuators 28,
each connected to a transcowl 12 (not illustrated in FIG. 4), and interconnected by
one or more flexible shafts 36. Each of the actuators 28 is driven by an electric or
pneumatic motor 42, that is controlled by a multi-channel control unit 44. The
control unit 44 receives command signals from a main engine controller 53, such
as, for example, a Fully-Automated Digital Electronic Controller (FADEC) or a
controller located in the aircraft, that cause the actuation control system 40 to
operate. The control unit 44, as will be discussed further below, additionally
provides various signals to the main engine controller 53.

[0022] The actuation control system 40 may additionally include a torque
decoupler 34. It should be appreciated that the actuation control system 40 may
be configured to include more than one motor 42. Indeed, the skilled artisan will
appreciate that the actuation control system 40 could include two motors 42, one
for each transcowl 12. The use of a single motor 42 is merely exemplary of a
preferred embodiment. Moreover, the use of a single, multi-channel control unit
44 is also exemplary of a preferred embodiment, and the skilled artisan will
appreciate that multiple, single channel controller units 44 may also be used.
[0023] The actuation control system 40 further includes a plurality of
locking mechanisms, including at least primary locks 46, and tertiary locks 50.
Each of these locks is provided to prevent unintended movement of the transcowls
12 from the stowed position. The primary locks 46 are coupled to the thrust
reverser drive train. In other words, these locks are coupled to the components
(e.g., the motor 42, the actuators 28, etc.) that drive the transcowls 12 between the
stowed and deployed position. Conversely, the tertiary locks 50 are coupled one

each to the transcowls 12, and are used to lock the transcowls 12 in the stowed
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position. The primary 46 and tertiary 50 locks are generally electrically operated,
though these locks could optionally be manually operated. No matter the
particular mode of operation, each includes a position sensor that provides a lock
position signal representative of whether it is in its locked or unlocked position.

In the depicted embodiment, a primary lock position signal 47 is supplied to the
control unit 44, and a tertiary lock position signal 51 is supplied to the main
engine controller 53. These lock position sensors may be any one of numerous
position sensors known in the art including, but not limited to, limit switches,
eddy current sensors, Hall effect type sensors, and optical sensors.

[0024] A position sensor 52 is additionally coupled to one or more of the
actuators 28 that are connected to each of the transcowls 12. In the depicted
embodiment, each of the position sensors 52 is coupled to gearing within the
actuators 28 and is operable to provide a position signal representative of the
position of the transcowl 12 to which the particular actuator 28 is coupled. The
position signals from each of the position sensors 52 are supplied to the control
unit 44. In the context of the present invention, the position sensors 52, as will be
described more fully below, provide secondary, or back-up, thrust reverser
position indication to the control unit 44. It will be appreciated that the position
sensors 52 may be any one of numerous position sensors known in the art
including, but not limited to, an eddy current sensor, a Hall effect type sensor, an
optical sensor, and an RVDT. In a preferred embodiment, however, the position
sensors 52 are resolver units.

[0025] In the depicted embodiment, a rotational position sensor 54 is
coupled to the motor 42. The rotational position sensor 54 detects the rotational
position of the motor 42 by sensing the rotation of a rotating component within the
motor 42 such as, for example, the motor’s shaft, and supplies a rotational position
signal representative of the motor’s rotation. The control unit 44 is electrically
coupled to receive the rotational position signal from the rotational position sensor
54. As will be discussed in more detail below, the control unit 44 evaluates the

rotational position signal supplied by the rotational position sensor 54 to
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determine the position of the transcowls 12. The rotational position sensor 54
may be any one of numerous position sensors known in the art including, but not
limited to, a Hall effect type sensor, and an optical sensor. In a preferred
embodiment, however, the rotational position sensor 54 is a resolver unit. It will
additionally be appreciated that in an alternate embodiment, the rotational position
sensor 54 is not used. Instead, a separate software algorithm evaluates various
voltage and/or current signals supplied to the motor 42, and/or fedback from the
motor 42, to determine the rotational position of the motor 42.

[0026] Generally, the thrust reverser control system 40 is commanded to
operate by, for example, receiving a command (either a deploy command or a
stow command) from the main engine controller 53. For example, upon receiving
a deploy command, the control unit 44 commands the primary locks 46 to unlock,
while the tertiary locks 50 are commanded to unlock from airplane. At
substantially the same time, the motor 42 is momentarily caused to first rotate in
the stow direction and then in the deploy direction. This momentary rotation in
the stow direction, referred to as an “overstow” or “countertorque” assists in
releasing one or more of the locks (depending on the particular type used) and, as
will be discussed in more detail below, can also assist in resetting the algorithm
that is used to determine thrust reverser position from motor rotational position
(referred to hereafter as the “motor summed position algorithm”). Following the
overstow command, the control unit 44 commands the motor 42 to rotate in the
deploy direction. As a result, the actuators 28 move the transcowls 12 to the
deployed position. Once the transcowls 12 reach the fully deployed position, the
control unit 44 commands the motor 42 to stop rotating. When the thrust
reversers are no longer needed, the control unit 44, in response to a stow
command from the main engine controller 53, commands the motor 42 to rotate in
the stow direction. As a result, the actuators 28 move the transcowls 12 to the
stowed position. Once the transcowls 12 reach the fully stowed position, the
control unit 44 commands the motor 42 to stop rotating, and commands the

primary locking mechanisms 46 to lock.
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[0027] Throughout the deploy and stow operations, the position of the thrust
reversers is preferably determined from the rotational direction and rotational
position of the motor 42 using the motor summed position algorithm, though in
some instances thrust reverser position may be determined from the position
sensors 52. The circumstances under which thrust reverser position is determined
from the motor summed position algorithm or from the position sensors 52, and
the method by which thrust reverser position is determined from motor rotational
position will now be described in more detail.

[0028] Referring first to FIG. 5, which depicts a state diagram of the overall
thrust reverser control and position monitoring algorithm, a description of the
circumstances under which thrust reverser position is determined from motor
position or from the position sensors 52, and the overall operation of the thrust
reverser control system 40 will now be discussed. As FIG. S depicts, the thrust
reverser control system 40 has at least six different general operational states. The
first operational state 502, referred to as the “Power-On Reset” (POR) state,
occurs when the thrust reverser control system 40 is initially energized or
experiences an intermittent loss of power. In the POR state 502, the motor
summed position algorithm is not considered valid. Thus, valid thrust reverser
position is available only from the position sensors 52. Because the accuracy of
the position sensors 52 is less than that obtained from the motor summed position
algorithm, the thrust reverser actuation control system 40 moves the thrust
reversers at relatively lower rates of speed than that which is used when thrust
reverser position is determined from motor position.

[0029] In particular, when the control unit 44 receives a deploy command or
a stow command while the actuation control system 40 is in the POR state 502,
the actuation control system 40 transitions to a backup deploy schedule state 504
or a backup stow schedule state 506, respectively. In the backup deploy schedule
state 504, the control unit 44 causes the motor 42 to rotate in the deploy direction
according to a backup deploy speed schedule, which is a lower rate of speed

compared to the nominal deploy speed schedule that is used when thrust reverser
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position is determined from the motor summed position algorithm. Before
rotating the motor 42 in the deploy direction, however, the actuation control
system 40, in response to the deploy command, first rotates the motor 42 in the
stow direction for a predetermined time period. As was noted above, this rotation
in the stow direction for the predetermined time period provides the above-
referenced overstow which, as was also noted above, assists in releasing one or
more of the locks. When the overstow is complete, the control unit 44 causes the
motor 42 to rotate in the deploy direction according to the backup deploy speed
schedule until the thrust reversers are deployed.

[0030] Similarly, if the control unit 44 receives a stow command while the
actuation control system 40 is in the POR state 502, the actuation control system
40 transitions to the backup stow schedule state 506. Once in the backup stow
schedule state 506, the actuation control system 40 either transitions to a motor
summed position algorithm reset state 508 or remains in the backup stow schedule
state 506. The actuation control system 40 remains in the backup stow schedule
state 506 if the conditions needed to reset the motor summed position algorithm
are not met. In this instance, the control unit 44 causes the motor 42 to rotate in
the stow direction according to the backup stow speed schedule until the thrust
reversers are stowed. The conditions needed to reset the motor summed position
algorithm are discussed in more detail further below.

[0031] Once the conditions needed to reset the motor summed position
algorithm are met and the motor summed position algorithm is reset to zero and is
declared valid, the thrust reverser control system 40 transitions to the motor
summed position algorithm reset state 508. In this state, when the control unit 44
receives a stow or deploy command, the control unit 44 causes the motor 42 to
rotate at a higher speed as compared to the backup speed schedules. This is
because determining thrust reverser position from the motor summed position
algorithm is more accurate than determining thrust reverser position from the

sensors 52.
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[0032] The general operation of actuation control system 40 while in the
motor summed position algorithm reset state 508 is similar to its operation when
in the POR state 502, but at higher rates of motor rotation. Specifically, when the
control unit 44 receives a deploy command while the actuation control system 40
is in the motor summed position algorithm reset state 508, the actuation control
system 40 transitions to a nominal deploy schedule state 510. In the nominal
deploy schedule state 510 the control unit 44 causes the motor 42 to rotate in the
deploy direction according to the nominal deploy speed schedule. Again, before
rotating the motor 42 in the deploy direction, the actuation control system 40
rotates the motor 42 in the stow direction for a predetermined time period to
perform the overstow. When the overstow is complete, the control unit 44 causes
the motor 42 to rotate in the deploy direction according to the nominal deploy
speed schedule until the thrust reversers are deployed. The actuation control
system 40 will remain in the nominal deploy schedule state 510 until the control
unit 44 receives a stow command or a power interruption occurs.

[0033] When the control unit 44 receives a stow command, the actuation
control system 40 transitions to the nominal stow schedule state 512, in which the
control unit 44 causes the motor 42 to rotate in the stow direction according to the
nominal stow speed schedule until the thrust reversers are stowed. The actuation
control system 40 will remain in the nominal stow schedule state 512 until the
controller circuit receives another deploy command or a power interruption
occurs. At this point, the previously described transitions will again take place.
[0034] It should be noted that in the embodiment depicted in FIG. 5, the
actuation control system 40 transitions to the motor summed position algorithm
reset state 508 only from the backup stow schedule state 506. That is, the motor
summed position algorithm reset state 508 can only be transitioned into if a stow
command is initiated following a transition to the POR state 502, and the other
conditions for resetting the motor summed position algorithm, which is described
in more detail below, are met. In an alternative embodiment, however, the

actuation control system 40 can transition to the motor summed position algorithm
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reset state 508 from either the backup stow schedule state 506 or the backup
deploy schedule state 504. In this alternative embodiment, which is depicted
using the phantom transition line in FIG. 5, the overstow rotation that occurs as
part of a deploy command may be used as part of the motor summed position reset
algorithm. |

[0035] In a preferred embodiment, the thrust reverser actuation control
system 40 uses a collection of various software algorithms to determine thrust
reverser position from motor position, as well as to confirm thrust reverser
stowage without using a separate stow sensor. Each of these algorithms will now
be discussed, beginning first with the motor summed position algorithm. In doing
s0, it is to be appreciated that the parenthetical references to STEPs corresond to
the particular reference numerals of the algorithms’ flows depicted in the
subsequent figures.

[0036] As previously noted, the motor summed position algorithm, once it is
reset and declared valid, provides very accurate thrust reverser position indication
by counting motor revolutions. Specifically, the signal from the motor resolver
54, or from a separate software algorithm in a sensorless control architecture, is
evaluated by the algorithm to determine both the direction of rotation and the
number of revolutions. In particular, and with reference to FIG. 6, the motor
summed position algorithm 600 evaluates this signal (THETA_MOTOR) and,
based on its evaluation, determines the direction of rotation (STEP 602), counts
the number of complete revolutions of the motor 42 in the determined direction
(STEP 604), and sums up the motor revolutions to within one complete motor
revolution (STEP 606). The remaining resolver signal is then added to this sum to
provide the precise number of motor revolutions (STEP 608). This final
summation result is then translated into an absolute thrust reverser position
indication signal (X_SUMMED) (STEP 610). It should be appreciated that the
present invention is not limited to these steps. For example, the motor summed

position algorithm 600 could be implemented using only the nearest integer motor
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revolution count (e.g., only STEPS 602-606), and still provide sufficiently high
accuracy position indication.

[0037] Another major software algorithm that is used is a motor summed
position reset algorithm, which is depicted in flowchart form in FIG. 7. The reset
algorithm 700 is used to reset the motor summed position algorithm to zero and
declare the motor summed position signal valid, which allows the control system
to transition to the motor summed position algorithm reset state 508. As FIG. 7
illustrates, the motor summed position reset algorithm 700 resets the motor
summed position algorithm to zero preferably when at least three conditions are
true. The first condition is that a thrust reverser stow command (STOW_CMD) is
issued by the main engine controller 53 to the control unit 44 (STEP 702), the
second condition is that the thrust reversers are confirmed to be in the stowed
position and locked (STOWED_AND_LOCKED) (STEP 704), and the third
condition is that the motor 42 is confirmed to be stalled
(STALLED_CONFIRMED) (STEP 706). Preferably, the motor summed position
algorithm is reset (and declared valid) (X SUMMED_POSITION_VALID) when
all of these conditions are met (STEP 708). It will be appreciated, with quick
reference back to FIG. 5, that the stow command is preferably initiated from the
backup stow schedule state 504 or the nominal stow schedule state 512.
Alternatively, as was noted above, the stow command (STEP 702) that is issued as
part of the motor summed position reset algorithm 700, may also be the above-
mentioned overstow that takes place in response to a deploy command. Ina
preferred embodiment, separate software algorithms are used to confirm that the
thrust reversers are in the stowed and locked position (STEP 704) and that the
motor is stalled (STEP 706). These additional algorithms, depicted in FIGS. 8 and
9, respectively, will now be described.

[0038] Referring first to FIG. 8, it can be seen that the software algorithm
800 used to declare STOWED AND_ LOCKED true preferably occurs when two
conditions are true. The first condition is that the tertiary locks 50 are set and
latched (TLS_SET AND LATCHED) (STEP 802). The second condition is that
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the position sensors 52, which provide a coarse position indication signal as
compared to the motor summed position algorithm, indicate that the thrust
reversers are in the stowed position (STOWED POSITION COARSE) (STEP
804). It will be appreciated that in another embodiment the thrust reversers may
be declared stowed and locked when only the first condition,

TLS_SET AND_LATCHED, is true.

[0039] Turning now to FIG. 9, the motor stall confirmation algorithm 900
preferably uses a motor rotor position signal and a low-pass filtered motor rotor
position signal to confirm that the motor is stalled. Specifically, the controller
determines rotor position from the motor rotor position signal (STEP 902) and
also filters this signal using a low-pass filter (STEP 904). Then, the position
signal and the filtered position signal are compared and if the difference between
the signals is less than a predetermined threshold (e.g., STALL_THRESHOLD)
(STEP 908), and is determined to be so for a predetermined period of time (STEP
910), the motor is confirmed to be stalled (STEP 912).

[0040] Two additional major software algorithms that are used in the
preferred embodiment include a stow confirmation algorithm and a creep
detection algorithm. The stow confirmation algorithm is depicted in FIG. 10 and,
as its name implies, is used to declare that the thrust reversers are stowed.
According to this algorithm 1000, the thrust reversers are declared stowed
(STOW_CONFIRMED) if any one of at least three conditions is true. The first
condition is that TLS_SET_AND_LATCHED is true (STEP 1002), the second
condition is that the creep detection algorithm (discussed further below) detects no
creep in flight (NO_CREEP_DETECTED IN_FLIGHT) (STEP 1004), and the
third condition is that thrust reverser position, as determined by the motor
summed position algorithm 600 (X_SUMMED), indicates that the thrust reversers
are stowed (STEP 1006). As FIG. 10 further illustrates, the second condition is
true when the motor summed position algorithm 600 determines that the thrust

reverser position is within a predetermined threshold distance of the zero position
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(STOWED). In a particular preferred embodiment, this threshold distance is 6
millimeters (mm), which ensures the transcowls 12 are on their seals.

[0041] The creep detection algorithm, depicted in FIG. 11, provides an input
to the above-described stow confirmation algorithm 1000 and is used to detect
creep (e.g., slight movement) of the thrust reversers following an intermittent, in-
flight power outage and subsequent POR event. The creep detection algorithm
1100 provides a simple and reliable indication of in-flight creep, and indicates any
potential brake slip (if a brake is used as a primary or secondary lock). The creep
detection algorithm 1100 first determines whether the aircraft is in flight (STEP
1102). Preferably, this is accomplished by a signal from a “Weight-On-Wheels”
(WOW) detector 43 (see FIG. 4). If the aircraft is in flight, as indicated by the
signal from the WOW detector, and a POR event occurs (1104), the thrust
reverser control system 40, as was noted above, will be in the POR state 502. In
this state, the motor summed position algorithm 600 is not considered valid.
Nonetheless, the motor summed position algorithm 600 is still monitored because
resetting the algorithm 600 is not necessary just to detect motion. If the algorithm
600 indicates thrust reverser movement that exceeds the STALL THRESHOLD
(STEP 1106), then it will indicate that in-flight creep was indeed detected.

[0042] The thrust reverser actuation control system 40 has been described
from a detailed structural standpoint, and generally from a functional standpoint,
and the individual algorithms used by the actuation control system 40 have also
been described in detail. To provide further clarification of the operation of the
actuation control system 40 and the algorithms used to implement the process
whereby thrust reverser position is determined from motor position, a particular
thrust reverser deploy/stow operation will be described. In this regard, reference
should now be made to FIGS. 4-23 in combination, while this description is
provided. It is noted that FIGS. 12-23 depict various signals generated by and
supplied to the control unit 44 to implement the deploy/stow operation. It is noted

that this description is predicated on the thrust reverser system initially being de-
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energized, with the transcowls 12 in the stowed and locked position, awaiting a
deploy command.

[0043] At time t, the actuation control system is energized. This may occur
following a normal power shutdown of the system 40 or following the above-
described in-flight, intermittent power outage. In either case, when the actuation
control system is energized (or re-energized, as the case may be), it undergoes a
POR event and, as described above, is initially in the POR state 502.

[0044] Shortly after the actuation control system 40 is energized, at time t;,
the TLS_SET AND_ LATCHED signal 1600 goes to a logic high state, as would
be expected since the tertiary locks 50 are indeed set and latched. In addition,
because the signal supplied by backup position sensors 52 indicates that the thrust
reversers are stowed, the STOWED_POSITION COARSE signal 2000 is at a
logic high state. Thus, the STOWED_AND_LOCKED signal 2300 from the
thrust reverser stowed and locked algorithm 800 is also at a logic high state at this
time. Because the other conditions needed to reset the motor summed position
algorithm to zero and declare it valid are not met, the actuation control system 40
remains in the POR state 502. Thus, the SUMMED_POSITION_SIGNAL_VALID
signal 1700 is at a logic low, and thrust reverser position is determined from the
backup sensors 52.

[0045] At time tp, the pilot initiates a thrust reverser stow command in the
cockpit to zero the motor summed position algorithm 600. As a result, the
STOW_CMD signal 1300 goes to a logic high, which in turn causes the motor 42
to rotate in the stow direction. Again, in an alternative embodiment, this stow
rotation could be part of the overstow that occurs in response to a deploy
command. In either case, because the thrust reversers are stowed and locked, the
motor 42 does not rotate, or may rotate slightly, in the stow direction and the
output signal 1400 from the resolver 54 or sensorless algorithm
(THETA_MOTOR) is either zero or negligible. It is noted that the actuation
control system 40 is at this point in the backup stow schedule state 506 (or
alternatively in the backup deploy schedule state 504), which means the motor 42
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is caused to rotate according to the backup stow speed schedule. In any event, the
STOW_CMD signal 1300 is held high for a predetermined time period, which
again, in the alternative embodiment, may be the predetermined overstow time
period. During this time period, and specifically at t3, the motor stall confirmation
algorithm 900 causes the STALLED CONFIRMED signal 1900 to go high.

Thus, at this point in time, with the STOW_CMD signal 1300 high, the
TLS_SET _AND _LATCHED signal 1600 high, and the
STALLED_CONFIRMED signal 1900 high, the motor summed position reset
algorithm 700 causes the SUMMED_POSITION_SIGNAL_VALID signal 1700
to go to a logic high, and the actuation control system 40 transitions to the motor
summed position algorithm reset state 508. From this point on, thrust reverser
position is now determined from the motor summed position algorithm 600. It is
additionally noted that during this period of rotation in the stow direction, and
specifically at time t4, the tertiary locks 52 are released, causing the

TLS_SET AND_LATCHED signal 1600 to go low.

[0046] At time ts, the stow command is released causing the STOW_CMD
signal to go low, and a deploy command is initiated causing the DEPLOY_CMD
signal 1200 to go high. Thus, actuation control system 40 transitions to the
nominal deploy schedule state 510, which means the control unit 44 causes the
motor 42 to rotate in the deploy direction using the nominal deploy speed
schedule. Because the motor 42 begins to rotate, the resolver supplies the
THETA_MOTOR output signal 1400 to the controller unit, and the

STALLED CONFIRMED signal 1900 goes low. Also at this time, the thrust
reverser position signal supplied by the control unit 44 is based on a signal output
of the motor summed position algorithm 600 (X_SUMMED) 1800.

[0047] The control unit 44 continues to rotate the motor 42 in the deploy
direction until time ts. At this time, the thrust reversers have reached the fully
deployed position, and the motor 42 ceases its rotation. Shortly thereafter, at t7,
the motor stall confirmation algorithm 900 causes the STALLED CONFIRMED
signal 1900 to once again go high, until the DEPLOY_CMD signal 1200 goes low
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at tg. At this point, the control unit 44 stops attempting to rotate the motor 42, and
the STALLED CONFIRMED signal 1900 goes low.

[0048] Then, at to, when the thrust reversers are no longer needed, the pilot
initiates a stow command, which causes the STOW_CMBD signal 1300 to once
again go high. The actuation control system 40 transitions to the nominal stow
speed schedule state 512, and the control unit 44 causes the motor 42 to rotate in
the stow direction according to the nominal stow speed schedule. As the motor 42
begins to rotate, the resolver 54 supplies the THETA_MOTOR output signal 1400
to the control unit 44, and the thrust reverser position signal supplied by the
control unit 44 is again based on the X SUMMED signal 1600 output by the
motor summed position algorithm 600.

[0049] The control unit 44 continues to rotate the motor 42 in the stow
direction, and at time t;o the X_SUMMED signal 1800 supplied by the motor
summed position algorithm 600 indicates that the thrust reverser position is within
the predetermined distance of the zero position. As a result, the stow confirmation
algorithm 1000 supplies the STOW_CONFIRMED signal 2200. At the same
time, or shortly before or after this time, the X SENSOR signal indicates that the
thrust reversers are at the stowed position, which causes the

STOWED_ POSITION_ COARSE signal 2000 to also go high.

[0050] Upon reaching the stowed position, the motor 42 will stop rotating
and the THETA_MOTOR output signal 1400 will go to zero. However, because
the STOW_CMD signal is still high, the control unit 44 will continue to send a
signal to the motor 42 to try and rotate it. During this time period, and specifically
at t11, the motor stall confirmation algorithm 900 will cause the

STALLED CONFIRMED signal 1900 to go high. And then at ti5, the tertiary
locks 50 are set and latched causing the TLS SET_AND_ L ATCHED signal 1600
to go high. At this point the thrust reverser stowed and locked algorithm 800
causes the STOWED AND_ LOCKED signal 2300 to go high. Then, at t;3, the
STOW_CMD goes low, completing the operational deploy/stow cycle.



WO 03/010430 PCT/US02/23431

10

15

20

20

[0051] With the above-described embodiment, thrust reverser position is
determined incrementally based on actuator motor revolutions. Using motor
position to determine thrust reverser position is an incremental means of
determining position, rather than a positional means which is employed by
traditional position sensors. This provides highly accurate thrust reversr position
information when compared with the accuracy provided by current position
sensors. In addition, the described embodiment provides accurate position
information without mounting additional position sensors on the gearhead reducer,
thus decreasing the size, cost, and weight of the thrust reversers.

[0052] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may
be made to adapt to a particular situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is
intended that the invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrying out this invention, but that the
invention will include all embodiments falling within the scope of the appended

claims.
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REDUCED CLAIMS
I CLAIM:
1. A system for determining the position of a jet engine thrust reverser component,
comprising:
a motor (42);

at least one actuator (28) coupled to the motor (42) and operable to move the thrust
reverser component in response to rotation of the motor (42);

a first rotational position sensor (52) operable to sense a rotational position of the motor
(42) and supply a first rotational position signal representative thereof; and

a circuit (44) coupled to receive at least the first rotational position signal and operable to
determine thrust reverser component position based at least in part on the first rotational position

signal.

2. The system of Claim 1, wherein the circuit (44) converts the first rotational
position signal to thrust reverser component position according to a motor summed position

algorithm (600).

3. The system of Claim 1, wherein:

the first rotational position signal includes information related to a rotational direction of
the motor (42); and

the circuit (44) is further operable to determine thrust reverser component movement

direction based at least in part on the first rotational position signal.
4. The system of Claim 2, wherein the circuit (44) converts the first rotational
position signal to thrust reverser component position according to the motor summed position

algorithm (600) when the motor summed position algorithm (600) is declared valid.

5. The system of Claim 4, further comprising:
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a second position sensor (52) operable to sense a position of the actuator (28) and supply
a second position signal representative thereof to the circuit (44),
wherein the circuit (44) is further operable to determine thrust reverser component

position based on the second position signal.

6. The system of Claim 4, wherein the circuit (44), in response to one of a stow
command and a deploy command, is further operable to:
) activate the motor (42) to rotate at a first speed when the motor summed
position algorithm (600) is declared valid, and
(i)  activate the motor (42) to rotate at a second speed when the motor
summed position algorithm (600) is not declared valid, the second speed being lower than

the first speed.

7. The system of Claim 2, wherein the motor summed position algorithm (600):
counts revolutions of the motor (42) based at least in part on the first rotational position
signal; and

converts the counted motor (42) revolutions into thrust reverser component position.

8. The system of Claim 7, wherein the motor summed position algorithm (600)
counts motor revolutions by:

counting a number of complete motor (42) revolutions;

determining whether the motor (42) has rotated a fraction of a revolution; and

adding the determined fraction, if any, to the number of complete motor (42) revolutions.

9. The system of Claim 7, wherein the motor summed position algorithm (600)
counts motor revolutions by rounding the counted motor (42) revolutions to the nearest integer

value.

10.  The system of Claim 7, wherein the motor summed position algorithm (600)
further determines a rotational direction of the motor (42) based at least in part on the first

rotational position signal.
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11.  The system of Claim 1, wherein the first rotational position sensor (52) is a

resolver.

12.  The system of Claim 1, wherein the motor (42) is an electric motor.

13. A jet engine thrust reverser control system, comprising:

an electric motor;

at least one actuator (28) coupled to the electric motor and operable to move a thrust
reverser in response to rotation of the electric motor;

a first rotational position sensor operable to sense a rotational position of the electric
motor and supply a first rotational position signal representative thereof; and

a control circuit coupled to receive at least the first rotational position signal and operable

to determine thrust reverser position based at least in part on the first rotational position signal.

14.  The system of Claim 13, wherein the circuit (44) converts the first rotational

position signal to thrust reverser position according to a motor (42)summed position algorithm.

15.  The system of Claim 13, wherein:

the first rotational position signal includes information related to a rotational direction of
the electric motor; and

the circuit (44) is further operable to determine thrust reverser movement direction based

at least in part on the first rotational position signal.

16.  The system of Claim 14, wherein the circuit (44) converts the first rotational
position signal to thrust reverser position according to the motor (42) summed position algorithm

when the motor summed position algorithm is declared valid.

17.  The system of Claim 16, further comprising:
a second position sensor operable to sense a position of the actuator (28) and supply a

second position signal representative thereof to the circuit (44),
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wherein the circuit (44) is further operable to determine thrust reverser position based on

the second position signal.

18.  The system of Claim 16, wherein the circuit (44), in response to one of a stow
command and a deploy command, is further operable to:
) activate the electric motor to rotate at a first speed when the motor
summed position algorithm is declared valid, and
(i)  activate the electric motor to rotate at a second speed when the motor
summed position algorithm is not declared valid, the second speed being less than the

first speed.

19.  The system of Claim 14, wherein the motor summed position algorithm:
counts revolutions of the electric motor based at least in part on the first rotational
position signal; and

converts the counted motor revolutions into thrust reverser position.

20.  The system of Claim 19, wherein the motor summed position algorithm counts
motor revolutions by:

counting a number of complete motor revolutions;

determining whether the electric motor has rotated a fraction of a revolution; and

adding the determined fraction, if any, to the number of complete motor revolutions.

21.  The system of Claim 19, wherein the motor summed position algorithm counts

motor revolutions by rounding the counted motor revolutions to the nearest integer value.

22.  The system of Claim 19, wherein the motor summed position algorithm further
determines a rotational direction of the electric motor based at least in part on the first rotational

position signal.

23.  The system of Claim 13, wherein the first rotational position sensor is a resolver.
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24.  Ina thrust reverser control system having a motor (42) operably coupled to move
a thrust reverser component between a stowed position and a deployed position, a method of
determining jet engine thrust reverser component position, comprising:

rotating the motor (42);

counting revolutions of the motor (42); and

converting the counted motor revolutions into thrust reverser component position.

25.  The method of Claim 24, further comprising:

determining a rotational direction of the motor (42).

26 The method of Claim 24, wherein the step of counting revolutions comprises:
counting a number of complete motor revolutions;
determining whether the motor (42) has rotated a fraction of a revolution; and

adding the determined fraction, if any, to the number of complete motor revolutions.

27.  The method of Claim 24, wherein the step of counting revolutions comprises

rounding the counted motor revolutions to the nearest integer value.



WO 03/010430 PCT/US02/23431
26

28.  In a thrust reverser control system having a motor (42) operably coupled to move
a thrust reverser component between a stowed position and a deployed position, and that
implements an algorithm (600) to determine thrust reverser component position from a position
of the motor (42), a method of declaring the algorithm (600) valid, comprising:

rotating the motor (42) to move the thrust reverser component toward the stowed
position;

determining that the thrust reverser component is stowed; and

declaring the algorithm (600) valid when thrust reverser component stowage is

determined.

29.  The method of Claim 28, wherein the step of determining that the thrust reverser
component is stowed comprises determining that the thrust reverser component is locked in the

stowed position.

30.  The method of Claim 28, wherein the step of determining that the thrust reverser

component is stowed comprises determining that the motor (42) is stalled.

31.  The method of Claim 30, wherein the step of determining that the motor (42) is
stalled comprises:

determining a rotational position of the motor (42) from a motor rotational position
signal;

filtering the motor rotational position signal to generate a filtered motor rotational
position;

determining a difference magnitude between the motor rotational position and the filtered
motor rotational position; and

determining that the motor (42) is stalled when the difference magnitude is less than a

predetermined value.

32.  The method of Claim31, wherein the step of determining that the motor (42) is
stalled further comprises determining that the difference magnitude is less than the

predetermined value for a predetermined time period.
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33.  The method of Claim 28, wherein the step of determining that the thrust reverser
component is stowed comprises:

determining that a thrust reverser component stowage lock is engaged; and

detecting that the thrust reverser component is in the stowed position using position

sensor.
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