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(57) Abrégé/Abstract:

An overthrust protection system for an aircraft engine comprising an engine overspeed protection unit and an overthrust controller.
The overspeed protection unit comprising overspeed logic and an overspeed solenoid valve controlled by the overspeed logic, the
overspeed logic configured to energize the overspeed solenoid valve for removing fuel flow to the engine upon detection of an
overspeed condition of the aircraft engine. The overthrust controller coupled to the overspeed protection unit and configured to
measure engine thrust and to detect an overthrust condition when an engine thrust threshold has been exceeded, and configured

to trigger energizing of the overspeed solenoid valve upon detection of the overthrust condition and an aircraft-on-ground
condition.
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ABSTRACT

An overthrust protection system for an aircraft engine comprising an engine
overspeed protection unit and an overthrust controller. The overspeed
protection unit comprising overspeed logic and an overspeed solenoid valve
controlled by the overspeed logic, the overspeed logic configured to energize
the overspeed solenoid valve for removing fuel flow to the engine upon
detection of an overspeed condition of the aircraft engine. The overthrust
controller coupled to the overspeed protection unit and configured to measure
engine thrust and to detect an overthrust condition when an engine thrust
threshold has been exceeded, and configured to trigger energizing of the
overspeed solenoid valve upon detection of the overthrust condition and an

aircraft-on-ground condition.

-14 -
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OVERTHRUST PROTECTION SYSTEM AND METHOD

TECHNICAL FIELD
The present invention relates to the field of gas turbine engine control,

and more particularly, to the detection and contro! of high thrust events.

BACKGROUND OF THE ART
An “uncontrollably high thrust’ (UHT) event refers to an extremely rare

situation where an unexpected increase in engine thrust occurs in ground
operation, i.e. beyond a commanded engine thrust. In such a hypothetical
event, the engine further fails to respond to a command to reduce the thrust.
Such events may occur, for example, when an engine is on the ground and a
takeoff is aborted. As part of the rigorous safety systems on civil-certified
aircraft, there is a need for a safety mechanism to automatically shut down the
aircraft's engine should a UHT event occur while the aircraft is operated on the

ground.

SUMMARY
There is described herein a safety mechanism to automatically detect an
uncontrollable high thrust (UHT) event while an aircraft is operating on the

ground and in response, shut down the engine of the aircraft.

In accordance with a first broad aspect, there is provided an overthrust
protection system for an aircraft engine. The system comprises an engine
overspeed protection unit comprising overspeed logic and an overspeed
solenoid valve controlled by the overspeed logic, the overspeed logic configured
to energize the overspeed solenoid valve for removing fuel flow to the engine
upon detection of an overspeed condition of the aircraft engine; and an
overthrust controller coupled to the overspeed protection unit and configured to
measure engine thrust and to detect an overthrust condition when an engine

thrust threshold has been exceeded, and configured to trigger energizing of the
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overspeed solenoid valve upon detection of the overthrust condition and of an

aircraft-on-ground condition.

In accordance with another broad aspect, there is provided a method for
overthrust protection in an aircraft. The method comprises measuring engine
thrust from an engine of the aircraft; detecting an overthrust condition when the
measured engine thrust exceeds an engine thrust threshold; detecting an
aircraft-on-ground condition; and upon detecting the overthrust condition and
the aircraft-on-ground condition, energizing an overspeed solenoid valve to
perform engine shutdown, the overspeed solenoid valve forming an engine
overspeed protection unit with overspeed logic, the overspeed logic configured
to energize the overspeed solenoid valve for removing fuel flow to the engine

upon detection of an overspeed condition of the aircraft engine.

In accordance with yet another broad aspect, there is provided an
overthrust protection system for an aircraft engine. The system comprises an
electronic engine control (EEC) comprising overspeed logic and an overthrust
protection controller, the overthrust protection controller configured to detect an
overthrust condition when a measured engine thrust exceeds an engine thrust
threshold and provide the overspeed logic with an overthrust condition control
signal; wiring to connect a weight on wheels pin of an airframe to the overspeed
logic to enable a response of the overspeed logic to the overthrust condition
control signal; and an overspeed solenoid valve coupled to the overspeed logic
and responsive to a command from the overspeed logic to shut down the

engine.

BRIEF DESCRIPTION OF THE DRAWINGS
Further features and advantages of the present invention will become

apparent from the following detailed description, taken in combination with the

appended drawings, in which:
Fig. 1 is a schematic diagram of an exemplary gas turbine engine;

Fig. 2 is a block diagram of an exemplary aircraft system;

-2-
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Fig. 3 is a block diagram of an exemplary EEC;

Fig. 4 is a diagram of exemplary wiring between an EEC and an

airframe; and
Figs. 5a and 5b are exemplary thrust measurement diagrams.
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 of a type typically provided

for use in subsonic flight, generally comprising in serial flow communication a
fan 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. High
pressure rotor(s) 20 of the turbine section 18 are drivingly engaged to high
pressure rotor(s) 22 of the compressor section 14 through a high pressure shaft
24. Low pressure rotor(s) 26 of the turbine section 18 are drivingly engaged to
the fan rotor 12 and to other low pressure rotor(s) (not shown) of the
compressor section 14 through a low pressure shaft 28 extending within the
high pressure shaft 24 and rotating independently therefrom. Although
illustrated as a turbofan engine, the gas turbine engine 10 may alternatively be
another type of engine, for example a turboshaft engine, also generally
comprising in serial flow communication a compressor section, a combustor,
and a turbine section, and a fan through which ambient air is propelled. A

turboprop engine may also apply.

Figure 2 illustrates the gas turbine engine 10 of figure 1 within an aircraft
200. Engine thrust is controlled by a full authority digital electronic control
(FADEC) which regulates the speed of the high pressure rotor(s) 20, 22 and low
pressure rotor(s) 26 in response to a pilot-operated thrust lever, ambient

conditions, pilot selection and aircraft discrete inputs. For simplicity, only the
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main control system components of the FADEC, namely an electronic engine
control (EEC) 202, a thrust lever 201, and a hydromechanical fuel metering unit
(HMU) 204, are illustrated. The FADEC may be a single channel FADEC or a

dual channel architecture.

The HMU 204 is under direct control from the EEC 202 and enables
thrust control via a metering valve 208, in response to variable guide vane
position demands and fuel flow demands. The metering valve 208 provides the
engine 10 with fuel from a fuel source 206 at a required pressure and flow to
permit control of engine power. Also provided in the HMU 204 is an overspeed
solenoid valve 210, which may be used alone or in conjunction with other valves
in the HMU 204 for an engine shutdown in response to an engine overspeed
condition. For example, the overspeed solenoid valve 210 may, when
energized, open a flow path between pump delivery pressure and bypass
pressure across a pump pressure relief valve (not shown). This may cause
system pressure to be below a minimum opening pressure of a minimum
pressure valve (not shown), thus causing the minimum pressure valve to close
and shutting off fuel flow from the fuel source 206 to the engine 10. The
overspeed solenoid valve 210 is independent of the metering valve 208 and is

used to protect the engine 10 from overspeed.

The EEC 202 comprises overspeed logic 212 to energize the overspeed
solenoid valve 210. The overspeed logic 212 energizes the overspeed solenoid
valve 210 to remove fuel flow to the engine when an overspeed condition has
been detected. The overspeed solenoid valve 210 is typically responsive only to
a command received by the pilot, but may be configured to automatically
energize upon detection of an overspeed condition while an aircraft is on the
ground. Sensor data obtained for a low rotor and/or a high pressure rotor can
provide information about the speed of the engine 10, more specifically
detection of an overspeed condition. The overspeed logic 212 and overspeed

solenoid valve 210 together form an engine overspeed protection unit.
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An overthrust controller 214 is provided in the EEC 202 for overthrust
protection. The overthrust controller 214 provides a safety mechanism to
automatically shut down the engine 10 should an uncontrollable high thrust
(UHT) event occur while the aircraft is operating on the ground. A UHT event is
understood as an unexpected increase of engine thrust over a commanded
engine thrust as provided by the thrust lever 201. An engine thrust threshold
may be set to determine whether the unexpected increase of engine thrust
qualifies as a UHT event. For example, the engine thrust threshold may be set
to 10% thrust increase above a maximum takeoff thrust (MTO) rating for a given
engine. This value may be set lower or higher as desired, for example to meet
safety requirements, and may vary according to the aircraft and/or aircraft
engine. Monitoring and alerting of a UHT event may occur while the aircraft is in

the air but engine shutdown is only required when the aircraft is on the ground.

The overthrust controller 214 is configured to measure engine thrust and
to detect an overthrust condition (i.e. a UHT event) when the engine thrust
threshold has been exceeded. Upon detection of the overthrust condition, the
overthrust controller 214 is configured to trigger energizing of the overspeed
solenoid valve 210 for automatic engine shut down if the aircraft is on the
ground. Detection of an aircraft-on-ground condition may be done using various
techniques, such as a weight-on-wheels signal, a ground sensor, an airspeed

sensor and a global positioning system. Other techniques may also be used.

In some embodiments, the overthrust controller 214 is coupled directly to
the overspeed solenoid valve 210, for example via a switching device.
Alternatively, the overthrust controller 214 energizes the overspeed solenoid
valve 210 at least in part via the overspeed logic 212. The overthrust controller
214 illustratively comprises one or more computing devices, including but not
limited to, a digital computer, a processor (e.g. a microprocessor), and a
memory. In some embodiments, the overthrust controller 214 is a combination
of software and hardware. In some embodiments, the overthrust controller 214
is a memory having stored thereon program code executable by a processor for

performing overthrust protection.
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Figure 3 illustrates an exemplary embodiment for the EEC 202. in this
example, the EEC 202 operates in a dual channel FADEC, whereby one
channel (ex. Channel A) controls the engine 10 and the other channel (ex.
Channel B) is on standby as it monitors for a UHT event. Upon detection of a
UHT event and an aircraft-on-ground condition, Channel B provides an engine
shut down signal. An engine shut down signal following UHT and aircraft-on-
ground detection may be mirrored in Channel A. This architecture provides full
independence between engine control and UHT monitoring functions. It also

provides full independence between engines of a multi-engine aircraft.

The EEC 202 of figure 3 is shown to have a hardware portion and a
software portion, represented by full and dotted lines, respectively. The
overspeed logic 212 is a hardware module that energizes the overspeed
solenoid valve 210 via a switching device having a high side switch (HSS) 302a
and a low side switch (LSS) 302b. The overthrust controller 214 is a software
module that provides an input to the HSS 302a via the overspeed logic 212 and
an input directly to the LSS 302b. The inputs from the overthrust controller 214
to the switches 302a, 302b, are true when the overthrust condition has been
detected and false otherwise. An additional input of the overspeed logic 212 is
provided by a wire connection to a weight on wheels (WOW) input discrete from
the aircraft's airframe. The WOW condition reads true when the aircraft is on the
ground and false when the aircraft is not on the ground. This is to ensure that
an engine shut down only occurs while the aircraft is on the ground. Note that a
UHT event may be detected while the aircraft is in the air. This may result in a
UHT fault bit being set without a subsequent engine shutdown. A UHT event
which latches in-air does not prevent a subsequent UHT event from being

detected and latched on-ground.

The overthrust controller 214 may be used with an aircraft having an
existing overspeed protection unit. In some instances, the overspeed logic 212
may be hardwired to run/stop input discretes in the airframe such that the
overspeed protection unit is only enabled when the engine is commanded to

shut down by a pilot. An external swapping of WOW and run/stop 1 input
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discretes will allow the overspeed protection unit to be enabled anytime while
the aircraft is on the ground. A pin swap may be done in an engine build up
(EBU) harness between the airframe and the FADEC, as illustrated in figure 4.
A corresponding software re-mapping of the WOW and run/stop 1 input
discretes is used to reroute the externally swapped input signals to the software
modules 402 using these two inputs. Note that the wiring for run/stop 2 is not
impacted and can remain as-is. Additional wiring may be provided in the EBU
harness to allow a communication signal (e.g. using ARINC) to be transmitted
from the EEC to the airframe to set a maintenance flag when a UHT event has

been detected.

Referring back to figure 3, the overspeed logic 212 is either rewired or
initially wired to the WOW input discrete or another aircraft-on-ground input
discrete. WOW input processing software module 306 is updated to set WOW
to true for the UHT logic in case of a mismatch between the channels, while
WOW accommodation for all other functions is unchanged. The Engine
shutdown software module 304 is either updated to accommodate the WOW
and Run/Stop 1 input swap to ensure the discrete is read from the correct pin or
it remains unchanged. A method for overthrust protection thus comprises
measuring engine thrust from the engine of the aircraft and detecting an
overthrust condition when the measured engine thrust exceeds the engine
thrust threshold. The overspeed logic 212 is enabled when the aircraft-on-
ground condition is true, and the overspeed solenoid valve 210 is energized for

engine shut down when the overthrust condition is detected.

In some embodiments, a throttle lever position is used as an additional
condition for engine shut down based on overthrust detection. The engine will
not be commanded to shut down unless the throttle lever is in the idle region
(forward or reverse). Also alternatively or in combination therewith, a gear down
condition may be used as an additional condition for engine shutdown. For
example, engine shutdown may be commanded only when all of the following
conditions are satisfied: overthrust condition detected, weight-on-wheels true,

gear-down true, and throttle lever angle in forward or reverse idle position. In
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another example, engine shutdown may be commanded only when all of the
following conditions are satisfied: overthrust condition detected, weight-on-
wheels true, and gear-down true. In yet another example, engine shutdown may
be commanded only when all of the following conditions are satisfied: overthrust
condition detected, aircraft-on-ground true, and throttle lever angle in forward or
reverse idle position. Various combinations of conditions may be used to avoid

false positives or as an increased security measure.

Referring to figure 5a, there is illustrated an exemplary MTO rating curve
502 having a step change behavior when bleed is commanded on/off. The
measured engine thrust 506 is shown to be horizontally offset from the MTO
rating 502. If the thrust threshold 504 is set to mimic the MTO rating with a
vertical offset without a horizontal offset, there is a potential for a false UHT
detection. A timing condition, such as a latch timer, may be used to account for
this lag in time. The latch timer may be set to a value known to be sufficient to
account for the lag time between the MTO rating 502 and the measured thrust
506, such as 1 second, 2 seconds, etc. In addition to a latch time, as shown in
figure 5b, the thrust threshold 504 may be modulated to take into account the
worst case lag time between the MTO rating 502 and the measured thrust 506.
This lag time can be implemented by applying a rate limit to the UHT trip
threshold. However, this exposes the aircraft to a diminished overthrust
protection for a period of time 508 after bleed on. A rate limit should not be
applied when there is an increase in rating when bleed is selected off, as it
would increase the risk of nuisance UHT detection for a brief period 510 after
bleed off.

The above description is meant to be exemplary only, and one skilled in
the relevant arts will recognize that changes may be made to the embodiments
described without departing from the scope of the invention disclosed. While
illustrated in the block diagrams as groups of discrete components
communicating with each other via distinct data signal connections, it will be
understood by those skilled in the art that the present embodiments are

provided by a combination of hardware and software components, with some
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components being implemented by a given function or operation of a hardware
or software system, and many of the data paths illustrated being implemented
by data communication within a computer application or operating system. The
structure illustrated is thus provided for efficiency of teaching the present
embodiment. The present disclosure may be embodied in other specific forms
without departing from the subject matter of the claims. Also, one skilled in the
relevant arts will appreciate that while the systems, methods and computer
readable mediums disclosed and shown herein may comprise a specific
number of elements/components, the systems, methods and computer readable
mediums may be modified to include additional or fewer of such
elements/components. The present disclosure is also intended to cover and
embrace all suitable changes in technology. 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, and such modifications are intended to fall within

the appended claims.



CLAIMS:

1. An overthrust protection system for an engine of an aircraft, the system comprising:

a hardware portion comprising overspeed logic that energizes an overspeed solenoid
valve via a switching device having a high side switch and a low side switch, wherein the
overspeed logic is connected to the high side switch of the switching device; and

a software portion comprising an overthrust controller that provides an input to the
overspeed logic to operate the high side switch and an input directly to the low side switch,
wherein the input to the overspeed logic and the input to the low side switch are true when an
overthrust condition has been detected and false otherwise, an additional input being provided
to the overspeed logic by a weight on wheels input;

wherein the overthrust controller is configured to measure engine thrust and to detect the
overthrust condition when a measured engine thrust exceeds an engine thrust threshold, and
the engine thrust threshold is reduced at a temporal offset from a step change reduction in a
maximum takeoff thrust resulting from bleed air being commanded on, wherein the overspeed
logic is configured to energize the solenoid valve when the weight on wheels input is true and
the overthrust condition is detected;

wherein the hardware portion and the software portion are part of an electronic engine
control (EEC) in a full authority digital engine control (FADEC).

2. The system of claim 1, wherein an uncontrollable high thrust fault bit is set when the
overthrust condition has been detected and the aircraft is not on the ground, without a
subsequent engine shutdown.

3. The system of claim 1, wherein the weight on wheels input is connected to a weight on
wheels input discrete of an airframe of the aircraft through a wire connection.

4. The system of claim 1, wherein the weight on wheels input is connected to an input
discrete in an airframe of the aircraft via an external swapping of input discretes, and the
software portion comprises a re-mapping of the input discretes to reroute the externally

swapped input discretes.
5. The system of claim 4, wherein the external swapping of input discretes is in an engine

build up harness between the airframe and the FADEC.
-10 -
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6. The system of claim 1, wherein the overspeed logic is configured to energize the
solenoid valve when the weight on wheels input is true, the overthrust condition is detected, and
a throttle lever is in an idle region.

7. The system of claim 1, wherein the overspeed logic is configured to energize the
solenoid valve when the weight on wheels input is true, the overthrust condition is detected, a
throttle lever is in an idle region, and a gear-down condition has been met.

8. The system of claim 1, wherein the FADEC is a dual channel FADEC having a first
channel that controls the engine and a second channel on standby as it monitors the overthrust
condition.

-11 -
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