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(57) Abrégé/Abstract:

A method and system of operating an aircraft system are provided. The aircraft system includes an integrated aircraft flight control
system that includes an engine control system configured to generate engine performance and health information. The integrated
aircraft flight control system also includes a flight control system configured to generate flight information and trajectory intent
information. The integrated aircraft flight control system further includes a communications channel communicatively coupled
between the engine control system and the flight control system, where the engine control system is configured to transmit the
generated engine performance and health information to the flight control system using the communications channel and the flight
control system is configured to transmit the generated flight information and trajectory intent information to the engine control
system using the communications channel.
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METHOD AND SYSTEM FOR INTEGRATING ENGINE
CONTROL AND FLIGHT CONTROL SYSTEM

ABSTRACT

A method and system of operating an aircraft system are provided. The aircraft system
includes an integrated aircraft flight control system that includes an engine control system
configured to generate engine performance and health information. The integrated
aircraft flight control system also includes a flight control system configured to generate
flight information and trajectory intent information. The integrated aircraft flight control
system further includes a communications channel communicatively coupled between the
engine control system and the flight control system, where the engine control system is
configured to transmit the generated engine performance and health information to the
flight control system using the communications channel and the flight control system is
configured to transmit the generated flight information and trajectory intent information

to the engine control system using the communications channel.
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METHOD AND SYSTEM FOR INTEGRATING ENGINE
CONTROL AND FLIGHT CONTROL SYSTEM

BACKGROUND OF THE INVENTION

[0001] The field of the invention relates generally to flight control
systems, and more specifically, to methods and systems for integrating engine control and

a flight control system.

[0002] At least some known aircraft include an engine control system,
sometimes referred to as a full authority digital engine control (FADEC). The FADEC is
a system that includes a digital computer and its related accessories that control all
aspects of aircraft engine performance. The FADEC receives multiple current input
variables of the current flight condition including, for example, but not limited to, air
density, throttle lever position, engine temperatures, engine pressures, and current values
of other engine parameters. The inputs are received and analyzed many times per second.
Engine operating parameters such as fuel flow, stator vane position, bleed valve position,
and others are computed from this data and applied as appropriate to provide optimum

engine efficiency for a given current flight condition.

[0003] The aircraft also typically include a flight control system, which
may include a system typically referred to as a flight management system (FMS). The
FMS is a specialized computer system that automates a wide variety of in-flight tasks,
including the in-flight management of the flight plan. Using various sensors, such as, but
not limited to, global positioning system (GPS), inertial navigation system (INS), and
backed up by radio navigation to determine the aircraft's position, the FMS guides the
aircraft along the flight plan. From the cockpit, the FMS is normally controlled through a
Control Display Unit (CDU) which incorporates a small screen and keyboard or touch
screen. The FMS transmits the flight plan for display on the EFIS, Navigation Display
(ND) or Multifunction Display (MFD).
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{0004] The FADEC and FMS are separate system that in somc cascs
may communicate current values of parameters. However, many parameters that reside
in the FADEC that would be useful to the FMS and many parameters that reside in the
FMS that would be useful to the FADEC are not communicated between the two separate

systems.
BRIEF DESCRIPTION OF THE INVENTION

[0005] In one embodiment, an integrated aircraft flight control system
includes an engine control system associated with an engine, the engine control system
including a processor and a memory communicatively coupled to the processor wherein
the engine control system is configured to receive engine information from a plurality of
sensors associated with the engine and to control a current operation of the engine using
the received engine information and to generate engine performance and health
information. The integrated aircraft flight control system also includes a flight control
system associated with the aircraft, the flight control system including a processor and a
memory communicatively coupled to the processor wherein the flight control system is
configured to receive aircraft information from a plurality of aircraft sensors associated
with the aircraft and flight planning information from offboard the aircraft and to
generate flight information and trajectory intent information. The integrated aircraft
flight control system further includes a communications channel communicatively
coupled between the engine control system and the flight control system, where the
engine control system is configured to transmit the generated engine performance and
health information to the flight control system using the communications channel and the
flight control system is configured to transmit the generated flight information and
trajectory intent information to the engine control system using the communications

channel.

[0006] In another embodiment, a method of operating an aircraft system
includes receiving flight information and trajectory intent information other than current

values by an engine control system associated with an engine of the aircraft system from
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a flight control system associated with the aircraft system and operating an engine

associated with the engine control system using the received non-current information.

[0007] In yet another embodiment, an aircraft includes an engine
positioned on the aircraft. a full authority digital engine controller (FADEC)
communicatively coupled to the engine, and a flight control system positioned on the
aircraft and communicatively coupled to the FADEC, the flight control system
configured to transmit other than current values of flight information and trajectory intent
information to the FADEC and to receive other than current values of at least one of
engine health and parameters used to estimate engine health from at least one of the

FADEC and a separate flight control center positioned oftboard the aircraft.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGS. 1-3 show exemplary embodiments of the method and

system described herein.

[0009] FIG. 1 is a schematic block diagram of an integrated engine
control and flight control system in accordance with an exemplary embodiment of the

present invention;

[0010] FIG. 2 is a flow chart of a method of operating an aircraft system

in accordance with an exemplary embodiment of the present invention; and

[0011] FIG. 3 is a flow chart of a method 300 of operating an aircraft

system in accordance with another embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0012] The following detailed description illustrates embodiments of the
invention by way of example and not by way of limitation. It is contemplated that the
invention has general application to analytical and methodical embodiments of system

communication in industrial, commercial, and residential applications.
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[0013] As used herein, an element or step recited in the singular and
preceded with the word “a” or “an” should be understood as not excluding plural
elements or steps, unless such exclusion is explicitly recited. Furthermore, references to
“one embodiment” of the present invention are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited

features.

[0014] FIG. 1 is a schematic block diagram of an integrated engine
control and flight control system 100 in accordance with an exemplary embodiment of
the present invention. In the exemplary embodiment, integrated system 100 includes an
engine control system 102 such as, but not limited to, a full authority electronic digital
control (FADEC) system mounted proximate to an associated aircraft engine 104.
Engine control system 102 includes a processor 106 and a memory 108 communicatively
coupled to processor 106. Engine 104 includes a fan 110 and a core engine 112 in serial
flow communication. In some embodiments, substantially all air flow through fan 110
goes through core engine 112. In various embodiments, engine 104 is a high bypass type
engine and only a portion of the airflow entering fan 110 passes through core engine 112.
Although described as a FADEC, in various embodiments, engine control system 102

may include other forms of engine controller capable of operating as described herein.

[0015] A plurality of process sensors 114 are positioned about engine
104 to sense process parameters associated with engine 104. Such process parameters
include for example, engine speed, fuel flow, damper and guide vane positions, stator
vane clearance, as well as various temperatures of components in engine 104. Sensors
114 are communicatively coupled to engine control system 102. In addition, onc or more
actuators 116 are positioned about engine 104 and are operably coupled to components of
engine 104 to effect the operation of those components. Actuators 116 are also
communicatively coupled to engine control system 102. Sensors 114 and actuators 116
are used by engine control system 102 to determine operating conditions of engine 104,
including but not limited to, a performance of engine 104 relative to a baseline or new

operating condition. Engine control system 102 may then operate actuators 116 to
4
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account for deterioration and/or damage to engine 104 between overhauls. Engine
control system 102 may also use sensors 114 and actuators 116 to store the determined

engine condition for future reference, further processing, and/or reporting.

[0016] System 100 also includes a flight control system 120
communicatively coupled to engine control system 102 through a communications
channel 122. Flight control system 120 includes a processor 121 and a memory 123
communicatively coupled to processor 121. In the excmplary embodiment,
communications channel 122 is a wired connection between engine control system 102
and flight control system 120. In various other embodiments, communications channel
122 may be a wireless communication medium. In the exemplary embodiment, flight
control system 120 is located proximate a cockpit (not shown) of the aircraft and engine
control system 102 is located proximate the engine to which it is associated. Flight
control system 120 may be embodied in a single processor-based component or the
functions of flight control system 120 may be carried out by a plurality of components
configured to perform the functions described herein. Some of the components
performing the functions of flight control system 120 may be located proximate the
cockpit and others may be distributed inside the aircraft for convenience, safety, and/or
optimal operational considerations. Although the flight control system is described
herein as a flight management system (FMS), it is to be understood that the invention
includes communication between an engine controller and any aircraft-mounted avionics

function.

[0017] Flight control system 120 is configured to interface with various
other systems both onboard the aircraft and oftboard the aircraft. For example, flight
control system 120 may receive current aircraft status from a plurality of aircraft sensors
124 through a sensing system 126. Such sensors may include pitot tubes for determining
airspeed, gyros, compasses, accelerometers, position sensors, altimeters, and various
other sensors that may be able to detect a condition, status, or position of the aircraft.
Flight control system 120 may also receive information from one or more onboard

processing systems 128, which may be standalone systems or systems having functions
-5-
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distributed across several computer systems. Flight control system 120 and onboard
processing systems 128 may communicate using a wired communications channel and/or
network connection (e.g., Fthernet or an optical fiber), a wireless communication means,
such as radio frequency (RF), e.g.,, FM radio and/or digital audio broadcasting, an
Institute of Electrical and Electronics Engineers (JEEE®) 802.11 standard (e.g.,
802.11(g) or 802.11(n)), the Worldwide Interoperability for Microwave Access
(WIMAX®) standard, cellular phone technology (e.g., the Global Standard for Mobile
communication (GSM)), a satellite communication link, and/or any other suitable
communication means. As used herein, a wired communications channel includes
channels that use fiber and other optical means for communications. Flight control
system 120 may also receive information from one or more oftboard processing systems
130, which may be standalone systems or systems having functions distributed across
several computer systems and/or several sites. Offboard processing systems 130 and
flight control system 120 are communicatively coupled using one or more wireless
communications media including , but not limited to, radio frequency (RF), e.g., FM
radio and/or digital audio broadcasting, an Institute of Electrical and Elcctronics
Engineers (IEEE®) 802.11 standard (e.g., 802.11(g) or 802.11(n)), the Worldwide
Interoperability for Microwave Access (WIMAX®) standard, cellular phone technology
(e.g., the Global Standard for Mobile communication (GSM)), a satellite communication

link, and/or any other suitable communication means.

[0018] FIG. 2 is a flow chart of a method 200 of operating an aircraft
system in accordance with an exemplary embodiment of the present invention. FIG. 3 is
a flow chart of a method 300 of operating an aircraft system in accordance with another
embodiment of the present invention. In the exemplary embodiment, method 200
includes receiving 202 flight information and trajectory intent information other than
current values by an engine control system associated with an engine of the aircraft
system from a flight control system associated with the aircraft system and operating 204
an engine associated with the engine control system using the received non-current

information. Method 300 includes receiving 302 engine performance and health

-6-
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information other than current values by the flight control system from the engine control
system and operating 304 the aircraft associated with the flight control system using the
received non-current information. In various embodiments, the engine control system is
a full authority digital engine control (FADEC) and the engine performance and health
information includes an estimate of engine health and parameters used to estimate engine
health. Engine control system 102 may evaluate current readings of various parameters
of the aircraft engine and generate an estimate of the engine health. Either the estimate of
engine health generated by engine control system 102 or the parameters used to generate
the estimate of engine health are transmitted to flight control system 120 for further
processing and/or action by flight control system 120. Specifically, the engine

performance and health information may include an estimate of engine thrust capability.

[0019] Additionally, the flight information and trajectory intent
information transmitted from flight control system 120 to engine control system 102 may
include at least one of planned future flight conditions of the aircraft and predicted future
flight conditions of the aircraft. Such information would permit engine control system
102 to prepare the engine for maneuvers that would otherwise be limited or controlled
more closely. For example, during a cruise phase of flight an active clearance control
system (not shown) may permit a tip gap between a rotating blade tip on a rotor of the
engine and a casing of the engine to be reduced. Reducing the tip gap reduces an amount
of leakage past the blade tip, which improves a performance of the engine. If the aircraft
needs to execute a step change in altitude, such as, an incrcase in altitude to manecuver
over weather, head winds, turbulence, or precipitation, an increase in engine power to
effect the change may cause the blade tips to rub the casing if remedial steps are not taken
with sufficient lead time. In the casing of an active clearance control system, the casing
may need a certain amount of time to change temperature, which in turn changes the
blade tip gap. If the increase in engine power is undertaken before the casing has reached
a proper temperature, a rub could result. Flight control system 120 can predict or plan for
such step altitude changes and transmit such changes to engine control system 102 prior

to the time the step change will start. Accordingly, engine control system 102 can effect

-7-
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the changes to the enginc in enough time to permit the increase in power of the engine
without causing a blade tip rub. Communication between engine control system 102 and
flight control system 120 permits engine control system 102 to act on information
provided by flight control system 120 to control the engine and permits flight control
system 120 to control aircraft systems based on information provided by engine control

system 102 to improve the performance of the entire aircraft system.

[0020] The term processor, as used herein, refers to central processing
units, microprocessors, microcontrollers, reduced instruction set circuits (RISC),
application specific integrated circuits (ASIC), logic circuits, and any other circuit or

processor capable of executing the functions described herein.

[0021] As used herein, the terms “software” and “firmware” are
interchangeable, and include any computer program stored in memory for execution by
processor 106, including RAM memory, ROM memory, EPROM memory, EEPROM
memory, and non-volatile RAM (NVRAM) memory. The above memory types are
exemplary only, and are thus not limiting as to the types of memory usable for storage of

a computer program.

[0022] As will be appreciated based on the foregoing specification, the
above-described embodiments of the disclosure may be implemented using computer
programming or engineering techniques including computer software, firmware,
hardware or any combination or subset thereof, wherein the technical effect is
communicating aircraft system information to an engine control system for changing the
operation of the engine based on the aircraft system information. Moreover, information
external to the aircraft may be communicated to the engine control system, such as
weather and air traffic control information to permit controlling the engine operation
based on the external information. Furthermore, engine health and maintenance
requirements are communicated to the flight control systems to control an operation of
the aircraft based on the engine information. Any such resulting program, having

computer-readable code means, may be embodied or provided within one or more

-8-
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computer-readable media, thereby making a computer program product, i.e., an article of
manufacture, according to the discussed embodiments of the disclosure. The computer
readable media may be, for example, but is not limited to, a fixed (hard) drive, diskette,
optical disk, magnetic tape, semiconductor memory such as read-only memory (ROM),
and/or any transmitting/receiving medium such as the Internet or other communication
network or link. The article of manufacture containing the computer code may be made
and/or used by executing the code directly from one medium, by copying the code from

one medium to another medium, or by transmitting the code over a network.

[0023] The above-described embodiments of a method and system of
communicating information between an engine control system and flight control system
to modify the operation of the aircraft engine or aircraft systems based on the
communicated information provides a cost-effective and reliable means improving the
performance and operation of the aircraft system. More specifically, the methods and
systems described herein facilitate modifying engine operation based on aircraft system
information. In addition, the above-described methods and systems facilitate modifying
operation of the aircraft based on information communicated to the flight control system
from the engine control system. As a result, the methods and systems described herein

facilitate operation of the aircraft system in a cost-effective and reliable manner.

[0024] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention may include other examples
that occur to those skilled in the art in view of the description. Such other examples are

intended to be within the scope of the invention.
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WHAT IS CLAIMED IS:

1. An integrated aircraft flight control system comprising:

an engine control system associated with an engine, said engine control system
comprising a processor and a memory communicatively coupled to said processor, said
engine control system configured to receive engine information from a plurality of sensors
associated with the engine and to control a current operation of the engine using the
received engine information and to generate engine performance and health information;

a flight control system associated with the aircraft. said flight control system
comprising a processor and a memory communicatively coupled to said processor, said
flight control system configured to receive aircraft information from a plurality of aircraft
sensors associated with the aircraft and flight planning information from offboard the
aircraft and to generate flight information and trajectory intent information; and

a communications channel communicatively coupled directly to said engine
control system and said flight control system, wherein said communications channel
facilitates transmission of the generated engine performance and health information from
said engine control system to said flight control system, wherein said flight control system
is configured to modify the operation of the aircraft based on the engine performance and
health information generated by the engine control system, wherein said communications
channel facilitates transmission of the generated flight information and trajectory intent
information from said flight control system to said engine control system, and wherein said
engine control system is configured to modify the operation of the engine based on the
flight information and the trajectory intent information generated by the flight control

system,

2. An integrated aircraft flight control system in accordance with claim 1,
wherein said engine control system comprises a full authority digital engine control

(FADEQ).

3. An integrated aircraft flight control system in accordance with claim 1,

wherein said communications channel comprises at least one of a two-way

-10-
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communications channel and a first one-way communications channel and a second one-

way communications channel.

4, An integrated aircraft flight control system in accordance with claim 1,
wherein communications between said engine control system and said flight control system
occurs autonomously from commands external to said integrated aircraft flight control

system.

5. An integrated aircraft flight control system in accordance with claim 1,
wherein said integrated aircraft flight control system further comprises a separate flight
control center positioned oftboard said aircraft and communicatively coupled to said flight
control system, said flight control center is configured to receive at least one of the engine
performance and health information generated by the engine control system and the flight

information and trajectory intent information generated by the flight control system.

6. An integrated aircraft flight control system in accordance with claim 5,
wherein said flight control center is configured to:

process the received at least one of the engine performance and health
information generated by the engine control system and the flight information and
trajectory intent information generated by the flight control system; and

transmit at least one of commands and data generated using the processed

information to said flight control system.

-11-
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FIG. 2

200 \

RECEIVING FLIGHT INFORMATION AND
TRAJECTORY INTENT INFORMATION OTHER THAN
CURRENT VALUES BY AN ENGINE CONTROL SYSTEM
ASSOCIATED WITH AN ENGINE OF THE AIRCRAFT
SYSTEM FROM A FLIGHT MANAGEMENT SYSTEM
ASSOCIATED WITH THE AIRCRAFT SYSTEM

1202

] //204

OPERATING AN ENGINE ASSOCIATED WITH THE
ENGINE CONTROL SYSTEM USING THE RECEIVED
NON-CURRENT INFORMATION

FIG. 3

300 \
302

RECEIVING ENGINE PERFORMANCE AND HEALTH
INFORMATION OTHER THAN CURRENT VALUES BY
THE FLIGHT MANAGEMENT SYSTEM FROM THE
ENGINE CONTROL SYSTEM

¢ 304

OPERATING THE AIRCRAFT ASSOCIATED WITH THE
FLIGHT MANAGEMENT SYSTEM USING THE
RECEIVED NON-CURRENT INFORMATION
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