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Methods and systems for setting a target power of an aircraft engine are described herein. A power lever position is obtained. At
least one flight condition indicative of a phase of flight of the aircraft is obtained. A maximum rated power of the engine is
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ABSTRACT

Methods and systems for setting a target power of an aircraft engine are described herein. A
power lever position is obtained. At least one flight condition indicative of a phase of flight of
the aircraft is obtained. A maximum rated power of the engine is determined for one or more
engine rating based on the phase of flight. The target power of the engine is set based on the

power lever position and the maximum rated power of the one or more engine ratings.
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METHOD AND SYSTEM FOR SETTING POWER OF AN AIRCRAFT ENGINE

TECHNICAL FIELD

The present disclosure relates generally to engines, and more particularly to control of aircraft

engines.

BACKGROUND OF THE ART

During aircraft flight a pilot selects an engine rating (e.g., a maximum take-off power engine
rating, a maximum continuous power engine rating, a maximum cruise power engine rating,
etc.). Each engine rating corresponds to a predetermined maximum rated power for the
engine, which is a value that is used to govern the output power of the engine. Some engine
ratings may be appropriate for more than one phase of flight (e.g., take-off, climb, go-around,
cruise, descent, etc.). For example, the maximum continuous power engine rating could be
selected by the pilot either in climb or cruise. However, using a given predetermined engine
rating in more than one phase of flight can result in certain inefficiencies in the performance

and operation of the engine.
As such, there is a need for improvement.
SUMMARY

In one aspect, there is provided a method for setting a target power of an aircraft engine. The
method comprises obtaining a power lever position, obtaining at least one flight condition
parameter indicative of a phase of flight of the aircraft, determining a maximum rated power of
the engine for one or more engine ratings based on the phase of flight, and setting the target
power of the engine based on the power lever position and the maximum rated power of the

one or more engine ratings.

In another aspect, there is provided a system for setting a target power of an aircraft engine.
The system comprising at least one processing unit, and at least one non-transitory computer-
readable memory having stored thereon program instructions. The program instructions are
executable by the at least one processing unit for obtaining a power lever position, obtaining at
least one flight condition parameter indicative of a phase of flight of the aircraft, determining a
maximum rated power of the engine for one or more engine ratings based on the phase of
flight, and setting the target power of the engine based on the power lever position and the

maximum rated power of the one or more engine ratings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying figures in which:

Figure 1 is a schematic of an example gas turbine engine, in accordance with one or more

embodiments;

Figure 2A is a schematic diagram illustrating a system for setting a target power of an aircraft

engine, in accordance with one or more embodiments;

Figure 2B is a schematic diagram illustrating a phase of flight calculation module, in

accordance with one or more embodiments;

Figure 2C is a schematic diagram illustrating a power rating calculation module, in accordance

with one or more embodiments;

Figure 2D is a schematic diagram illustrating an example implementation of the power rating

calculation module of Figure 2C, in accordance with one or more embodiments;

Figure 3A is a flowchart of a method for setting a target power of an aircraft engine, in

accordance with one or more embodiments;

Figures 3B and 3C are flowcharts of example embodiments for determining a maximum rated

power, in accordance with one or more embodiments;

Figure 3D is a flowchart of an example embodiment for setting the target power, in accordance

with one or more embodiments; and

Figure 4 is a block diagram of an example computing device for implementing the systems and

methods described herein, in accordance with one or more embodiments.

It will be noted that throughout the appended drawings, like features are identified by like

reference numerals.

DETAILED DESCRIPTION

Figure 1 illustrates a gas turbine engine 10 that may be controlled using the methods and
systems described herein. Engine 10 generally comprises in serial flow communication: a fan
rotor 12 through which ambient air is propelled, a compressor section 14 for pressurizing the
air, a combustor 16 in which the compressed air is mixed with fuel and ignited for generating
an annular stream of hot combustion gases, and a turbine section 18 for extracting energy
from the combustion gases. The fan rotor 12 comprises a plurality of fan blades 20. It should

be understood that while the engine 10 is a turbofan engine, the methods and systems
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described herein may be applicable to any other type of gas turbine engine, such as a

turboprop, turboshaft or any other suitable aircraft engine.

With reference to Figure 2A, there is illustrated a system 200 for setting a target power of an
aircraft engine, such as engine 10, in accordance with some embodiments. As illustrated, an
electronic engine controller 210 may be used to control the engine 10. While the controller 210
is illustrated as separate from the engine 10, it should be understood that this is for illustrative
purposes only and that the controller 210 may, in some embodiments, be integrated with the
engine 10.

The controller 210 is configured to obtain a position of a power lever 212 (referred to herein as
the “power lever position”). The power lever position may be received directly from the power
lever 212, may be received by an aircraft or engine computer, or may be received via any
other aircraft and/or engine component. One or more sensors associated with the power lever
212 may be used to obtain the power lever position and provide the power lever position to the
controller 210.

The controller 210 is configured to obtain at least one flight condition parameter that is
indicative of a phase of flight of the aircraft. The flight condition parameter(s) may comprise
one or more of altitude, speed, rate of climb, acceleration, pitch angle, roll angle, and yaw
angle of the aircraft. The aircraft altitude may be pressure altitude or ambient pressure. The
aircraft speed may be Mach number, calibrated airspeed or true airspeed. The rate of climb
corresponds to a change of the aircraft altitude over time. In some embodiments, the controller
210 may determine the rate of climb from the aircraft altitude, rather than receiving the rate of
climb parameter. The flight condition parameter(s) may be received from one or more sensors
associated with the aircraft or the engine 10 or may be received by an aircraft or engine
computer. In accordance with an embodiment, the controller 210 determines the phase of
flight of the aircraft from the obtained flight condition parameter(s). In alternative embodiments,
the controller 210 receives the phase of flight from an aircraft or engine computer. The phase
of flight may correspond to one of take-off, climb, go-around, cruise, descent and landing of
the aircraft. The phase of flight may correspond to a transition between two of take-off, climb,

go-around, cruise, descent and landing of the aircraft.

The controller 210 is configured to determine a maximum rated power of the engine 10 for one
or more engine ratings based on the phase of flight of the aircraft. In some embodiments, the
controller 210 determines the maximum rated power of the engine for one engine rating. In

some embodiments, the controller 210 determines the maximum rated power of the engine 10
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for a plurality of engine ratings. The engine ratings may comprise one or more of a maximum
take-off power engine rating, a maximum continuous power engine rating, a maximum climb
power engine rating, a maximum cruise power engine rating, a normal take-off power engine
rating, a normal climb power engine rating, and a normal cruise power engine rating. The
controller 210 may continuously determine the maximum rated power of the engine 10 for the
engine rating(s) in real time, or in accordance with any suitable time interval that is regular or
irregular. For example, the controlier 210 may detect that the phase of flight has changed and
re-determine the maximum rated power of the engine 10 for the engine rating(s). Thus, as the
phase of flight varies, the maximum rated power of the engine 10 for the engine rating(s)
accordingly varies. In some embodiments, the controller 210 may output maximum rated
power of the engine rating(s) to an aircraft computer for displaying of the maximum rated
power. In some embodiments, the maximum rated power of the engine rating(s) may be used
by the controller 210 for controlling of the engine 10 in other aspects such as, but not limited

to, engine limits and surge protection.

The controller 210 is configured to set the target power of the engine 10 based on the power
lever position and the maximum rated power of the one or more engine ratings that were
determined based on phase of flight. In some embodiments, the controller 210 is configured to
determine a target power versus power lever position schedule (or curve) based on the
maximum rated power of the engine rating(s). The controller 210 may then be configured to
obtain the target power of the engine 10 from the schedule based on the power lever position.
The controller 210 may implement one or more functions, algorithms, or any other suitable
logic to determine the target power based on the power lever position and the maximum rated

power of the one or more engine ratings.

it should be appreciated that by determining the maximum rated power for one or more engine
ratings based on phase of flight, the corresponding power setting of the engine varies with

phase of flight, which may result in improved engine operation and/or performance.

With reference to Figure 2B, there is illustrated a phase of flight calculation module 220 of the
controller 210, in accordance with an embodiment. The phase of flight calculation module 220
determines the phase of flight of the aircraft from obtained flight condition parameters. In the
specific and non-limiting example illustrated in Figure 2B, the phase of flight calculation
module 220 determines the phase of flight of the aircraft from altitude, speed, rate of climb,
acceleration, pitch angle, roll angle, and yaw angle of the aircraft. The flight condition

parameters used by the phase of flight calculation module 220 to determine the phase of flight
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of the aircraft may vary depending on practical implementations. For instance, one or more of
the flight condition parameters illustrated in Figure 2B may be omitted and/or one or more
additional flight condition parameters not illustrated in Figure 2B may be used to determine the
phase of flight. The phase of flight calculation module 220 implements one or more functions,
algorithms, or any other suitable logic to determine the phase of flight of the aircraft from the
flight condition parameter(s).

With reference to Figure 2C, there is illustrated a power rating calculation module 230 of the
controller 210, in accordance with an embodiment. The power rating calculation module 230
determines the maximum rated power of the engine 10 for the one or more engine ratings for a
specific phase of flight of the aircraft based on one or more aircraft and/or engine parameters.
The aircraft and/or engine parameters may comprise one or more of aircraft altitude, aircraft
speed, aircraft air temperature (e.g., static outside air temperature or total air temperature),
engine bleed (e.g., engine compressor output bleed or inter-stage bleed), engine power
extraction(s) (e.g., auxiliary gearbox or reduction gearbox extractions), engine rotational speed
(e.g., engine power turbine speed) or any other suitable parameters. The controller 210 may
obtain the aircraft and/or engine parameters from one or more sensors associated with the
aircraft and/or the engine 10 and/or may be received by an aircraft and/or engine computer.
The power rating calculation module 230 implements one or more functions, algorithms, or any
other suitable logic to determine the maximum rated power based on one or more aircraft

and/or engine parameters.

With reference to Figure 2D, in some embodiments, the power rating calculation module 230
determines a plurality of maximum rated powers for different possible phases of flight of the
aircraft and determines the maximum rated power for each engine rating from the plurality of
maximum rated powers based on the determined phase of flight of the aircraft. In the specific
and non-limiting example illustrated in Figure 2D, a take-off power rating calculation module
242, a climb power rating calculation module 244 and a cruise power rating calculation module
246 are provided. The take-off power rating calculation module 242 determines a maximum
rated power for each engine rating for when the phase of flight is take-off, based on one or
more aircraft and/or engine parameters. The climb power rating calculation module 244
determines a maximum rated power for each engine rating for when the phase of flight is
climb, based on one or more aircraft and/or engine parameters. The cruise power rating
calculation module 246 determines a maximum rated power for each engine rating for when

the phase of flight is cruise, based on one or more aircraft and/or engine parameters. Each of
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the power rating calculation modules 242, 244, 246 implements one or more functions,

algorithms, or any other suitable logic to determine the maximum rated power for each rating.

The power rating determination module 250 determines the maximum rated power for each
engine rating from the plurality of maximum rated powers from the power rating calculation
modules 242, 244, 246 using the determined phase of flight of the aircraft. In some
embodiments, the power rating determination module 250 may select the maximum rated
power corresponding to the determined phase of flight from the plurality of maximum rated
powers for each engine rating. For example, if the determined phase of flight is climb, the
determination module 250 may select the maximum rated power from the climb power rating
calculation module 244 as the maximum rated power to be used for each engine rating. In
some embodiments, the power rating determination module 250 may interpolate between at
least two of the plurality of maximum rated powers to determine the maximum rated power for
each engine rating. For example, if the determined phase of flight is a transition between take-
off and climb, the determination module 250 may interpolate between the maximum rated
power from the take-off power rating calculation module 242 and the maximum rated power
from the climb power rating calculation module 244 to determine the maximum rated power for
each rating.

With reference to Figure 3A, there is illustrated a flowchart of a method 300 for setting a target
power of an aircraft engine, such as the engine 10, in accordance with an embodiment. At step
302, a power lever position is obtained. At step 304, at least one flight condition parameter
indicative of phase of flight of the aircraft is obtained. The phase of flight of the aircraft can be
determined from the flight condition parameter(s). At step 306, a maximum rated power of the
engine 10 for one or more engine ratings are determined based on the phase of flight. The
maximum rated power of the engine 10 may be determined for one engine rating or for a
plurality of engine ratings. The maximum rated power of the engine for the engine rating(s)
may be determined based on the phase of flight and one or more engine and/or aircraft
parameters. At step 308, the target power of the engine is set based on the power lever
position and the maximum rated power of the one or more engine ratings. In some
embodiments, at step 310, the maximum rated power of each engine rating is output. For
example, the maximum rated power of each engine rating may be output to an aircraft

computer for displaying the maximum rated power of each engine rating.

With reference to Figure 3B, in some embodiments, step 306 of Figure 3A comprises

determining a plurality of maximum rated powers of the engine 10 for different phases of flight
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for the aircraft for each engine rating at step 312 and selecting the maximum rated power
corresponding to the phase of flight from the plurality of maximum rated powers for each
engine rating at step 314. For example, the different phases of flight at step 312 may be take-
off, climb and cruise and the phase of flight at step 304 may correspond to one of take-off,
climb and cruise.

With reference to Figure 3C, in some embodiments, step 306 of Figure 3A comprises
determining a plurality of maximum rated powers of the engine 10 for different phases of flight
for the aircraft for each engine rating at step 312 and interpolating between at least two of the
plurality of maximum rated powers of the engine 10 based on the phase of flight to determine
the maximum rated power for each engine rating at step 316. For example, the different
phases of flight at step 312 may be take-off, climb and cruise and the phase of flight at step
304 may correspond to a transition between two of take-off, climb and cruise.

With reference to Figure 3D, in some embodiments, step 308 of Figure 3A comprises
determining a target power versus power lever position schedule based on the maximum rated
power of each engine rating at step 322 and obtaining the target power of the engine 10 from
the schedule based on the power lever position at step 324.

The systems and methods described herein may allow for a specific engine rating to have
different maximum power ratings (i.e., different levels) based on the phase of flight of the
aircraft. Accordingly, the systems and/or methods described herein may allow for dynamic
setting of the target power of the engine 10 as the phase of flight of the aircraft varies.

The systems and/or methods described herein may be used to set a target thrust of an aircraft
engine in a similar manner to the setting of a target power as described herein. For instance,
the selected engine rating may correspond to a maximum take-off thrust engine rating, a
maximum continuous thrust engine rating, a maximum cruise thrust engine rating or any other
suitable engine rating. A maximum rated thrust of one or more engine ratings may be
determined based on the phase of flight. For example, the maximum rated thrust of the
engine rating(s) may be determined based on the phase of flight and one or more aircraft
and/or engine parameters. The maximum rated thrust of the engine rating(s) may be
determined by selecting or interpolating from a determined plurality of maximum rated thrusts
of for different phases of flight for each engine rating. A target thrust of the engine may be set
based on an obtained thrust lever position and the determined maximum rated thrust of each

engine rating. A target thrust versus thrust lever position schedule may be determined based
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on the maximum rated thrust of each engine rating. The target thrust of the engine may be

obtained from the schedule based on the thrust lever position.

With reference to Figure 4, an example of a computing device 400 is illustrated. The controller
210 may be implemented using the computing device 400. The computing device 400
comprises a processing unit 412 and a memory 414 which has stored therein computer-
executable instructions 416. The processing unit 412 may comprise any suitable devices
configured to implement the method 300 such that instructions 416, when executed by the
computing device 400 or other programmable apparatus, may cause the functions/acts/steps
performed as part of the method 300 as described herein to be executed. The processing unit
412 may comprise, for example, any type of general-purpose microprocessor or
microcontroller, a digital signal processing (DSP) processor, a central processing unit (CPU),
an integrated circuit, a field programmable gate array (FPGA), a reconfigurable processor,

other suitably programmed or programmable logic circuits, or any combination thereof.

The memory 414 may comprise any suitable known or other machine-readable storage
medium. The memory 414 may comprise non-transitory computer readable storage medium,
for example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable combination of the foregoing. The
memory 414 may include a suitable combination of any type of computer memory that is
located either internally or externally to device, for example random-access memory (RAM),
read-only memory (ROM), compact disc read-only memory (CDROM), electro-optical memory,
magneto-optical memory, erasable programmable read-only memory (EPROM), and
electrically-erasable programmable read-only memory (EEPROM), Ferroelectric RAM (FRAM)
or the like. Memory 414 may comprise any storage means (e.g., devices) suitable for
retrievably storing machine-readable instructions 416 executable by processing unit 412. Note
that the computing device 400 can be implemented as part of a full-authority digital engine
control (FADEC) or other similar device, including electronic engine control (EEC), engine
control unit (ECU), and the like.

The methods and systems for setting a target power or thrust of an aircraft engine described
herein may be implemented in a high level procedural or object oriented programming or
scripting language, or a combination thereof, to communicate with or assist in the operation of
a computer system, for example the computing device 400. Alternatively, the methods and
systems for setting a target power or thrust of an aircraft engine may be implemented in

assembly or machine language. The language may be a compiled or interpreted language.
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Program code for implementing the methods and systems for setting a target power or thrust
of an aircraft engine may be stored on a storage media or a device, for example a ROM, a
magnetic disk, an optical disc, a flash drive, or any other suitable storage media or device. The
program code may be readable by a general or special-purpose programmable computer for
configuring and operating the computer when the storage media or device is read by the
computer to perform the procedures described herein. Embodiments of the methods and
systems for setting a target power or thrust of an aircraft engine may also be considered to be
implemented by way of a non-transitory computer-readable storage medium having a
computer program stored thereon. The computer program may comprise computer-readable
instructions which cause a computer, or more specifically the processing unit 412 of the
computing device 400, to operate in a specific and predefined manner to perform the functions
described herein, for example those described in the method 300.

Computer-executable instructions may be in many forms, including program modules,
executed by one or more computers or other devices. Generally, program modules include
routines, programs, objects, components, data structures, etc., that perform particular tasks or
implement particular abstract data types. Typically the functionality of the program modules

may be combined or distributed as desired in various embodiments.

The above description is meant to be exemplary only, and one skilled in the art will recognize
that changes may be made to the embodiments described without departing from the scope of
the invention disclosed. Still other modifications which fall within the scope of the present

invention will be apparent to those skilled in the art, in light of a review of this disclosure.

Various aspects of the methods and systems for setting a target power or thrust of an aircraft
engine may be used alone, in combination, or in a variety of arrangements not specifically
discussed in the embodiments described in the foregoing and is therefore not limited in its
application to the details and arrangement of components set forth in the foregoing description
or illustrated in the drawings. For example, aspects described in one embodiment may be
combined in any manner with aspects described in other embodiments. Although particular
embodiments have been shown and described, it will be obvious to those skilled in the art that
changes and modifications may be made without departing from this invention in its broader
aspects. The scope of the following claims should not be limited by the embodiments set forth
in the examples, but should be given the broadest reasonable interpretation consistent with

the description as a whole.
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CLAIMS

1. A method for setting a target power of an aircraft engine, the method comprising:

obtaining a power lever position;

obtaining at least one flight condition parameter indicative of a phase of flight of the
aircraft;

determining a maximum rated power of the engine for one or more engine ratings
based on the phase of flight; and

setting the target power of the engine based on the power lever position and the
maximum rated power of the one or more engine ratings.

2. The method of claim 1, wherein the phase of flight corresponds to one of take-off, climb, go-
around, cruise and descent of the aircraft.

3. The method of claim 1, wherein the phase of flight corresponds to a transition between two

of take-off, climb, go-around, cruise and descent of the aircraft.

4. The method of any one of claims 1 to 3, wherein the at least one flight condition parameter
comprises at least one of altitude, speed, rate of climb, acceleration, pitch angle, roll angle and
yaw angle of the aircraft.

5. The method of any one of claims 1 to 4, wherein the one or more engine ratings correspond
to one or more of a maximum take-off power engine rating, a maximum continuous power
engine rating, a maximum climb power engine rating, a maximum cruise power engine rating,
a normal take-off power engine rating, a normal climb power engine rating, and a normal

cruise power engine rating.

6. The method of any one of claims 1 to 5, wherein determining the maximum rated power for
the one or more engine ratings comprises determining the maximum rated power for each
engine rating based on the phase of flight and one or more of an aircraft altitude, an aircraft
speed, an air temperature, an engine rotational speed, an engine bleed and an engine power

extraction.

10
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7. The method of any one of claims 1 to 5, wherein determining the maximum rated power for
the one or more engine ratings comprises:

determining a plurality of maximum rated powers for different phases of flight of the
aircraft for each engine rating; and

selecting the maximum rated power corresponding to the phase of flight from the

plurality of maximum rated powers for each engine rating.

8. The method of any one of claims 1 to 5, wherein determining the maximum rated power for
the one or more engine ratings comprises:

determining a plurality of maximum rated powers of the engine for different phases of
flight of the aircraft for each engine rating; and

interpolating between at least two of the plurality of maximum rated powers based on
the phase of flight to determine the maximum rated power for each engine rating.

9. The method of any one of claims 1 to 8, wherein setting the target power of the engine
comprises:

determining a target power versus power lever position schedule based on the
maximum rated power of the one or more engine ratings; and

obtaining the target power of the engine from the schedule based on the power lever

position.

10. The method of any one of claims 1 to 9, further comprising outputting the maximum rated
power for each engine rating to an aircraft computer for displaying of the maximum rated

power of each engine rating.

11. A system for setting a target power of an aircraft engine, the system comprising:
at least one processing unit; and
at least one non-transitory computer-readable memory having stored thereon program
instructions executable by the at least one processing unit for:
obtaining a power lever position;
obtaining at least one flight condition parameter indicative of a phase of flight of
the aircraft;
determining a maximum rated power of the engine for one or more engine

ratings based on the phase of flight; and

11
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setting the target power of the engine based on the power lever position and

the maximum rated power of the one or more engine ratings.

12. The system of claim 11, wherein the phase of flight corresponds to one of take-off, climb,
go-around, cruise and descent of the aircraft.

13. The system of claim 11, wherein the phase of flight corresponds to a transition between
two of take-off, climb, go-around, cruise and descent of the aircraft.

14. The system of any one of claims 11 to 13, wherein the at least one flight condition
parameter comprises at least one of altitude, speed, rate of climb, acceleration, pitch angle,

roll angle and yaw angle of the aircraft.

15. The system of any one of claims 11 to 14, wherein the one or more engine ratings
correspond to one or more of a maximum take-off power engine rating, a maximum continuous
power engine rating, a maximum climb power engine rating, a maximum cruise power engine
rating, a normal take-off power engine rating, a normal climb power engine rating, a normal

cruise power engine rating, or any other rating.

16. The system of any one of claims 11 to 15, wherein determining the maximum rated power
for the one or more engine ratings comprises determining the maximum rated power for each
engine rating based on the phase of flight and one or more of an aircraft altitude, an aircraft
speed, an air temperature, an engine rotational speed, an engine bleed and an engine power

extraction.

17. The system of any one of claims 11 to 15, wherein determining the maximum rated power
for the one or more engine ratings comprises:

determining a plurality of maximum rated powers for different phases of flight of the
aircraft for each engine rating; and

selecting the maximum rated power corresponding to the phase of flight from the

plurality of maximum rated powers of each engine rating for each engine rating.

18. The system of any one of claims 11 to 15, wherein determining the maximum rated power

of each engine rating comprises:

12
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determining a plurality of maximum rated powers of the engine for different phases of
flight of the aircraft for each engine rating; and

interpolating between at least two of the plurality of maximum rated powers based on
the phase of flight to determine the maximum rated power for each engine rating.

19. The system of any one of claims 11 to 18, wherein setting the target power of the one or
more engine ratings comprises:

determining a target power versus power lever position schedule based on the
maximum rated power of the one or more engine ratings; and

obtaining the target power of the engine from the schedule based on the power lever

position.

20. The system of any one of claims 11 to 19, where the program instructions are further
executable by the at least one processing unit for outputting the maximum rated power for
each engine rating to an aircraft computer for displaying of the maximum rated power for each

engine rating.

13
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