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AIR DATA PROBE CONTAMINATION MONITOR

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0000] This International PCT Patent Application relies for priority on U.S.
Provisional Patent Application Serial No. 61/863,473, filed on August 8, 2013, the

entire content of which is incorporated herein by reference.
FIELD OF THE INVENTION

[0001] The present invention relates in general to a flight control system for
an aircraft, and in particular to an aircraft flight control system that includes an air
data probe contamination monitor which senses any contamination with the one or
more air data sensor probes located on the aircraft, wherein the probe contamination

may cause problems with the aircraft when in flight if left undetected.
BACKGROUND OF THE INVENTION

[0002] Modern aircraft typically have a number (e.g., four) of air data sensor
probes (“ADSPs”) usually mounted in the nose portion or aft of the nose portion of
the aircraft (e.g. two probes symmetrically located on each side of the tip of the nose
portion or aft of the nose portion). These sensor probes sense various characteristics
of the airflow passing by the aircraft, including various pressures (e.g., static and

dynamic) and temperatures.

[0003] Also, modern aircraft commonly use an ADSP that includes a
computer or data processor contained within the body or housing of the ADSP. As
such, these “self-contained” ADSPs are connected in a “distributed” manner within
the aircraft as part of an overall air data system. The ADSPs or the air data system
send processed signals indicative of various aircraft characteristics to the flight
control computer and/or avionics module on the aircraft for further processing and use
for control of the operation of the aircraft. These processed signals may include,
among others, the angle of attack and the angle of sideslip of the aircraft in flight,

along with aircraft altitude, true and calibrated airspeed, and Mach number. These
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processed signals are generated by each ADSP from the pressures and temperatures

sensed by the ADSPs and are critical to aircraft performance.

[0004] Advantages of the self-contained ADSPs include the elimination of the
pneumatic tubing required for the older style sensors that did not contain a computer
or processor. Other advantages include reduced weight and power consumption,
higher reliability, elimination of separate angle of attack transmitters, elimination of
separate probe heater current monitors, elimination of skin effects on static

measurements, and elimination of pressure lag and pressure checks on the flight line.

[0005] However, these self-contained ADSPs are not without their drawbacks.
Similar to the older style sensors that did not contain a computer or processor, such
newer self-contained ADSPs are also vulnerable or prone to blockage of the pressure
ports on the probes by various types of environmental contaminants, such as, for
example, icing, ash, insects, liquid ingress, foreign object damage, etc. By its nature,
the source of the contamination may affect many, if not all, of the ADSPs. This
common cause effect can defeat prior art monitoring strategies relying on comparison
of similar signals generated by different air data probes or sensors. It is especially
difficult to identify probes with blocked ports when a majority of the ADSPs are
contaminated. An air data system with relatively many contaminated ADSPs may
generate undetecte‘d erroneous data, resulting in potentially catastrophic consequences
for the aircraft. For example, the effect of erroneous air data on the aircraft — and on
the flight control system in particular — received much attention following the crash of
Air France Flight 447. Essentially, it has been shown that modern aircraft are

relatively very sensitive to certain types of errors in the air data system.

[0006] Known, prior art air data probe contamination monitoring solutions
relying on probe to probe comparisons are unable to detect, in every aircraft flight
phase, when a majority (or even more than one) of the ADSPs are contaminated. This
is particularly true for the modern, fly-by-wire (“FBW”) type of aircraft flight control
system. Such FBW systems generally include comparison monitoring of air data
probe signals to detect and reject a single ADSP failure, and they may also provide for

resolution of a generic hardware failure with the air data system. However, a typical
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FBW system cannot detect the existence of matching erroneous outputs from three or

four ADSPs.

[0007] It is known to utilize model-based approaches (e.g., in-line
reasonableness monitoring) for air data probe contamination monitoring in FBW or
other, more classical types of aircraft flight control systems. However, these
approaches are relatively complex, are processing intensive, and are unable to cover

for every aircraft flight phase.

[0008] A FBW flight control system commonly comprises a computer system
interposed between: (1) the flight control inputs given both automatically by various
aircraft component sensors and subsystems (e.g., the air data system) and manually by
the pilots via, e.g., sidestick or yoke controllers, switches, levers, etc.; and (2) the
aircraft flight control surfaces and other devices that ultimately control the operation
and direction of the aircraft in flight. That is, the inputs from the pilots and the sensors
are not connected directly to the aircraft flight control surfaces to be controlled (e.g.,
ailerons, rudder, elevators, spoilers, slats, flaps, etc.). Instead, the pilot and sensor
inputs are routed to a computer system (e.g., typically comprising more than one
computer or data processor device for safety redundancy purposes) that contains the
flight control logic which interprets the sensor and pilot inputs and outputs flight
control surface position commands that move the aircraft flight control surfaces
according to control laws (“CLAWS”) stored in the computer system to effect

changes in the aircraft’s pitch, roll, yaw, altitude, etc., for example.

[0009] What is needed is an improved aircraft flight control system having an
air data probe contamination monitor which senses any contamination with the one or
more air data sensor probes located on the aircraft and provides an indication thereof
to the aircraft flight control system or avionics module so that corrective action can be

taken to avoid a potentially dangerous condition for the aircraft.
SUMMARY OF THE INVENTION

[0010] According to an embodiment of the present invention, an air data probe
contamination monitor for an aircraft includes at least two air data sensor probes, a

first one of the probes being located on one side of the aircraft, a second one of the
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probes being located on an opposite side of the aircraft, each one of the two probes
being operable to generate a parameter value from an airflow passing by the aircraft
when the aircraft is in flight. The monitor also includes a processor that is operable to
compare the generated parameter value from the first probe to the generated
parameter value from the second probe to determine if one of the first probe and the

second probe is contaminated.

[0011] In an advantageous embodiment of the present invention, the
parameter value is generated by sensing an actual pressure from the airflow passing

by the aircraft.

[0012] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of attack value.

[0013] In an advantageous embodiment of the present invention, the processor
is operable to compare the angle of attack value from the first probe to the angle of

attack value from the second probe.

[0014] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of sideslip value.

[0015] In an advantageous embodiment of the present invention, the processor
is operable to compare the angle of sideslip value from the first probe to the angle of

sideslip value from the second probe.

[0016] In an advantageous embodiment of the present invention, the air data

probe contamination monitor is part of a flight control system for the aircraft.

[0017] In an advantageous embodiment of the present invention, the aircraft

flight control system comprises a fly-by-wire type of flight control system.

[0018] In an advantageous embodiment of the present invention, the air data
probe contamination monitor is part of a flight control system for the aircraft, and if
the processor determines that either one or both of the first probe and/or the second

probe is contaminated, then the flight control system is notified of the contaminated
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first probe and/or second probe and/or a flight crew is notified of the contaminated

first probe and/or second probe.

[0019] In an advantageous embodiment of the present invention, the air data
probe contamination monitor further includes at least two vanes, a first one of the
vanes being located on one side of the aircraft, a second one of the vanes being
located on an opposite side of the aircraft, each one of the two vanes being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, each of the two vanes also being operable to calculate an angle

of attack value from the generated parameter value of the direction of the airflow.

[0020] In an advantageous embodiment of the present invention, the first
probe is located on the same side of the aircraft as the first vane, and the second probe

is located on the same side of the aircraft as the second vane.

[0021] In an advantageous embodiment of the present invention, the first
probe is operable to compare the angle of attack value from the first probe to the angle
of attack value from the first vane and to provide a first signal indicative of a result of
the first probe/vane comparison, and wherein the second probe is operable to compare
the angle of attack value from the second probe to the angle of attack value from the
second vane and to provide a second signal indicative of a result of the second

probe/vane comparison.

[0022] In an advantageous embodiment of the present invention, the processor
is responsive to the first probe/vane comparison signal and is responsive to the second
probe/vane comparison signal to determine if either one or both of the first probe

and/or the second probe is contaminated.

[0023] In an advantageous embodiment of the present invention, further
including at least one vane being located on the aircraft and being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, the at least one vane also being operable to calculate an angle

of attack value from the generated parameter value of the direction of the airflow.
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[0024] In an advantageous embodiment of the present invention, the at least
one vane is located on the same side of the aircraft as one of the first and second

probes.

[0025] In an advantageous embodiment of the present invention, one of the
first probe or second probe is operable to compare the angle of attack value from the
at least one vane and to provide a signal indicative of a result of the probe/vane

comparison.

[0026] In an advantageous embodiment of the present invention, the processor
is responsive to the probe/vane comparison signal to determine if either one or both of

the first probe and/or the second probe is contaminated.

[0027] In an advantageous embodiment of the present invention, further
including at least one vane being located on the aircraft and being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, the at least one vane also being operable to calculate an angle

of sideslip value from the generated parameter value of the direction of the airflow.

[0028] In an advantageous embodiment of the present invention, the at least

one vane is located on a top side or a bottom side of the aircraft.

[0029] In an advantageous embodiment of the present invention, one of the
first probe or second probe is operable to compare the angle of sideslip value from the
at least one vane and to provide a signal indicative of a result of the probe/vane

comparison.

[0030] In an advantageous embodiment of the present invention, the processor
is responsive to the probe/vane comparison signal to determine if either one or both of

the first probe and/or the second probe is contaminated.

[0031] In an advantageous embodiment of the present invention, further
including at least two vanes, a first one of the vanes being located on a top side of the
aircraft, a second one of the vanes being located on a bottom side of the aircraft, each

one of the two vanes being operable to generate a parameter value from a direction of
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an airflow passing by the aircraft when the aircraft is in flight, each of the two vanes
also being operable to calculate an angle of sideslip value from the generated

parameter value of the direction of the airflow.

[0032] In an advantageous embodiment of the present invention, the first
probe is operable to compare the angle of sideslip value from the first probe to the
angle of sideslip value from the first vane and to provide a first signal indicative of a
result of the first probe/vane comparison, and wherein the second probe is operable to
compare the angle of sideslip value from the second probe to the angle of sideslip
value from the second vane and to provide a second signal indicative of a result of the

second probe/vane comparison.

[0033] In an advantageous embodiment of the present invention, the processor
is responsive to the first probe/vane comparison signal and is responsive to the second
probe/vane comparison signal to determine if either one or both of the first probe

and/or the second probe is contaminated.

[0034] In an advantageous embodiment of the present invention, the air data
probe contamination monitor further includes four air data sensor probes, a first two
of the probes being located on one side of the aircraft, a second two of the probes
being located on an opposite side of the aircraft, each one of the four probes being
operable to generate a parameter value from an airflow passing by the aircraft when
the aircraft is in flight, each of the four probes also being operable to calculate one of
an angle of attack value and an angle of sideslip value each from the generated

parameter value.

[0035 ] In an advantageous embodiment of the present invention, the processor
is operable to compare the angle of attack value from each of the first two probes to
the angle of attack value from each of the second two probes, and to compare the
angle of sideslip value from each of the first two probes to the angle of sideslip value
from each of the second two probes to determine if any of the first two probe and/or

the second two probes is contaminated.

[0036] In an advantageous embodiment of the present invention, the air data

probe contamination monitor further includes at least two vanes, a first one of the
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vanes being located on one side of the aircraft, a second one of the vanes being
located on an opposite side of the aircraft, each one of the two vanes being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, each of the two vanes also being operable to calculate an angle
of attack value from the generated parameter value, wherein the first two probes are
located on the same side of the aircraft as the first vane, and wherein the second two

probes are located on the same side of the aircraft as the second vane.

[0037] In an advantageous embodiment of the present invention, each of the
first two probes is operable to compare the angle of attack value from each of the first
two probes to the angle of attack value from the first vane and to provide a pair of first
signals each indicative of a result of the first probe/vane comparison, and wherein
each of the second two probes is operable to compare the angle of attack value from
each of the second two probes to the angle of attack value from the second first vane
and to provide a pair of second signals each indicative of a result of the second

probe/vane comparison.

[0038] In an advantageous embodiment of the present invention, the processor
1s responsive to the first pair of probe/vane comparison signals and is responsive to
the second pair of probe/vane comparison signals to determine if at least one of the

first two probes and/or at least one of the second two probes is contaminated.

[0039] In an advantageous embodiment of the present invention, further
including a third air data sensor probe, the third probe being located on the same side
of the aircraft as either one of the at least two probes, the third probe being operable to
generate a parameter value from an airflow passing by the aircraft when the aircraft is
in flight, the third probe also being operable to calculate one of an angle of attack

value and an angle of sideslip value each from the generated parameter value.

[0040] In an advantageous embodiment of the present invention, the processor
is operable to compare the angle of attack value from the third probe to the angle of
attack value from the one of the at least two probes located on the opposite side of the
aircraft, and to compare the angle of sideslip value from the third probe to the angle of

sideslip value from the one of the at least two probes located on the opposite side of
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the aircraft to determine if any of the first two probes and/or the third probe is

contaminated.

[0041] According to another embodiment of the present invention, a method is
disclosed for determining if any one of at least two air data sensor probes mounted on
opposite sides of an aircraft is contaminated. The method includes each one of the two
probes generating a parameter value from an airflow passing by the aircraft while the
aircraft is in flight. The method also includes comparing the generated parameter
value from the first probe to the generated parameter value from the second probe to

determine if one of the first probe and the second probe is contaminated.

[0042] In an advantageous embodiment of the present invention, the
parameter is generated by sensing an actual pressure from the airflow passing by the

aircraft.

[0043] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of attack value.

[0044] In an advantageous embodiment of the present invention, the step of
comparing comprises comparing the angle of attack value from the first probe to the

angle of attack value from the second probe.

[0045] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of sideslip value.

[0046] In an advantageous embodiment of the present invention, the step of
comparing comprises comparing the angle of sideslip value from the first probe to the

angle of sideslip value from the second probe.

[0047] In an advantageous embodiment of the present invention, if it is
determined that either one or both of the first probe and/or the second probe is
contaminated, then notifying either an aircraft flight control system and/or a flight

crew of the contaminated first and/or second probe.

[0048] In an advantageous embodiment of the present invention, at least two

vanes are mounted on opposite sides of the aircraft, a first one of the vanes being
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located on one side of the aircraft, a second one of the vanes being located on an
opposite side of the aircraft, the method further including each one of the two vanes
generating a parameter value from a direction of an airflow passing by the aircraft
when the aircraft is in flight, and each of the two vanes calculating an angle of attack

value from the generated parameter value of the direction of the airflow.

[0049] In an advantageous embodiment of the present invention, the first
probe is located on the same side of the aircraft as the first vane, and wherein the

second probe is located on the same side of the aircraft as the second vane.

[0050] In an advantageous embodiment of the present invention, further
including the first probe comparing the angle of attack value from the first probe to
the angle of attack value from the first vane and to provide a first signal indicative of
a result of the first probe/vane comparison, and the second probe comparing the angle
of attack value from the second probe to the angle of attack value from the second
vane and to provide a second signal indicative of a result of the second probe/vane

comparison.

[0051] In an advantageous embodiment of the present invention, further
comprising determining from the first and second signals, if either one or both of the

first probe and/or the second probe is contaminated.

[0052] In an advantageous embodiment of the present invention, at least one
vane being located on the aircraft and generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of attack value from the generated parameter value of the direction of the

airflow.

[0053] In an advantageous embodiment of the present invention, the at least
one vane is located on the same side of the aircraft as one of the first and second

probes.

[0054] In an advantageous embodiment of the present invention, one of the
first probe or second probe compares the angle of attack value from the at least one

vane and provides a signal indicative of a result of the probe/vane comparison.

10
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[0055] In an advantageous embodiment of the present invention, further
comprising determining from the probe/vane comparison signal if either one or both

of the first probe and/or the second probe is contaminated.

[0056] In an advantageous embodiment of the present invention, at least one
vane being located on the aircraft and generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of sideslip value from the generated parameter value of the direction of the

airflow.

[0057] In an advantageous embodiment of the present invention, the at least

one vane is located on a top side or a bottom side of the aircraft.

[0058] In an advantageous embodiment of the present invention, one of the
first probe or second probe compares the angle of sideslip value from the at least one

vane and provides a signal indicative of a result of the probe/vane comparison.

[0059] In an advantageous embodiment of the present invention, further
comprising determining from the probe/vane comparison signal if either one or both

of the first probe and/or the second probe is contaminated.

[0060] In an advantageous embodiment of the present invehtion, wherein at
least two vanes are located on the aircraft, a first one of the vanes being located on a
top side of the aircraft, a second one of the vanes being located on a bottom side of
the aircraft, each one of the two vanes generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of sideslip value from the generated parameter value of the direction of the

airflow.

[0061] In an advantageous embodiment of the present invention, wherein the
first probe compares the angle of sideslip value from the first probe to the angle of
sideslip value from the first vane and provides a first signal indicative of a result of
the first probe/vane comparison, and the second probe compares the angle of sideslip
value from the second probe to the angle of sideslip value from the second vane and

provides a second signal indicative of a result of the second probe/vane comparison.

11
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[0062] In an advantageous embodiment of the present invention, further
comprising determining, in response to the first probe/vane comparison signal and to
the second probe/vane comparison signal, if either one or both of the first probe

and/or the second probe is contaminated.

[0063] In an advantageous embodiment of the present invention, further
including four air data sensor probes, a first two of the probes being located on one
side of the aircraft, a second two of the probes being located on an opposite side of the
aircraft. The method further includes each one of the four probes generating a
parameter value from an airflow passing by the aircraft when the aircraft is in flight,
each of the four probes calculating one of an angle of attack value and an angle of

sideslip value from the generated parameter value.

[0064] In an advantageous embodiment of the present invention, further
including comparing the angle of attack value from each of the first two probes to the
angle of attack value from each of the second two probes, and comparing the angle of
sideslip value from each of the first two probes to the angle of sideslip value from
each of the second two probes to determine if any of the first two probe and/or the

second two probes is contaminated.

[0065] In an advantageous embodiment of the present invention, further
including at least two vanes, a first one of the vanes being located on one side of the
aircraft, a second one of the vanes being located on an opposite side of the aircraft.
The method further includes each one of the two vanes generating a parameter value
from a direction of an airflow passing by the aircraft when the aircraft is in flight,
each of the two vanes calculating an angle of attack value from the sensed actual
pressure parameter value, wherein the first two probes are located on the same side of
the aircraft as the first vane, and wherein the second two probes are located on the

same side of the aircraft as the second vane.

[0066] In an advantageous embodiment of the present invention, further
including comparing the angle of attack value from each of the first two probes to the
angle of attack value from the first vane and providing a pair of first signals each

indicative of a result of the first probe/vane comparison. Also, comparing the angle of

12
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attack value from each of the second two probes to the angle of attack value from the
second first vane and providing a pair of second signals each indicative of a result of

the second probe/vane comparison.

[0067] In an advantageous embodiment of the present invention, further
including determining, in response to the first pair of probe/vane comparison signals
and to the second pair of probe/vane signals, if at least one of the first two probes

and/or at least one of the second two probes is contaminated.

[0068] In an advantageous embodiment of the present invention, further
comprising a third air data sensor probe, the third probe being located on the same
side of the aircraft as either one of the at least two probes, the third probe generating a
parameter value from an airflow passing by the aircraft when the aircraft is in flight
and calculating one of an angle of attack value and an angle of sideslip value each

from the generated parameter value.

[0069] In an advantageous embodiment of the present invention, further
comprising comparing the angle of attack value from the third probe to the angle of
attack value from the one of the at least two probes located on the opposite side of the
aircraft, and comparing the angle of sideslip value ffom the third probe to the angle of
sideslip value from the one of the at least two probes located on the opposite side of
the aircraft to determine if any of the first two probes and/or the third probe is

contaminated.

[0070] According to yet another embodiment of the present invention, a
computer program product is disclosed for determining if any one of at least two air
data sensor probes mounted on opposite sides of an aircraft is contaminated. The
computer program product includes each one of the two probes generating a
parameter value from an airflow passing by the aircraft while the aircraft is in flight.
The computer program product also includes comparing the generated parameter
value from the first probe to the generated parameter value from the second probe to

determine if one of the first probe and the second probe is contaminated.

13
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[0071] In an advantageous embodiment of thé present invention, the
parameter is generated by sensing an actual pressure from the airflow passing by the

aircraft.

[0072] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of attack value.

[0073] In an advantageous embodiment of the present invention, the step of
comparing comprises comparing the angle of attack value from the first probe to the

angle of attack value from the second probe.

[0074] In an advantageous embodiment of the present invention, the generated

parameter value is an angle of sideslip value.

[0075] In an advantageous embodiment of the present invention, the step of
comparing comprises comparing the angle of sideslip value from the first probe to the

angle of sideslip value from the second probe.

[0076] In an advantageous embodiment of the present invention, if it is
determined that either one or both of the first probe and/or the second probe is
contaminated, then notifying either an aircraft flight control system and/or a flight

crew of the contaminated first and/or second probe.

[0077] In an advantageous embodiment of the present invention, at least two
vanes are mounted on opposite sides of the aircraft, a first one of the vanes being
located on one side of the aircraft, a second one of the vanes being lbcated on an
opposite side of the aircraft, the method further including each one of the two vanes
generating a parameter value from a direction of an airflow passing by the aircraft
when the aircraft is in flight, and each of the two vanes calculating an angle of attack

value from the generated parameter value of the direction of the airflow.

[0078] In an advantageous embodiment of the present invention, the first
probe is located on the same side of the aircraft as the first vane, and wherein the

second probe is located on the same side of the aircraft as the second vane.

14
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[0079] In an advantageous embodiment of the present invention, further
including the first probe comparing the angle of attack value from the first probe to
the angle of attack. value from the first vane and to provide a first signal indicative of
a result of the first probe/vane comparison, and the second probe comparing the angle
of attack value from the second probe to the angle of attack value from the second
vane and to provide a second signal indicative of a result of the second probe/vane

comparison.

[0080] In an advantageous embodiment of the present invention, further
comprising determining from the first and second signals, if either one or both of the

first probe and/or the second probe is contaminated.

[0081] In an advantageous embodiment of the preéent invention, at least one
vane being located on the aircraft and generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of attack value from the generated parameter value of the direction of the

airflow.

[0082] In an advantageous embodiment of the present invention, the at least
one vane is located on the same side of the aircraft as one of the first and second

probes.

[0083] In an advantageous embodiment of the present invention, one of the
first probe or second probe compares the angle of attack value from the at least one

vane and provides a signal indicative of a result of the probe/vane comparison.

[0084] In an advantageous embodiment of the present invention, further
comprising determining from the probe/vane comparison signal if either one or both

of the first probe and/or the second probe is contaminated.

[0085] In an advantageous embodiment of the present invention, at least one
vane being located on the aircraft and generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of sideslip value from the generated parameter value of the direction of the

airflow.
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[0086] In an advantageous embodiment of the present invention, the at least

one vane is located on a top side or a bottom side of the aircraft.

[0087] In an advantageous embodiment of the present invention, one of the
first probe or second probe compares the angle of sideslip value from the at least one

vane and provides a signal indicative of a result of the probe/vane comparison.

[0088] In an advantageous embodiment of the present invention, further
comprising determining from the probe/vane comparison signal if either one or both

of the first probe and/or the second probe is contaminated.

[0089] In an advantageous embodiment of the present invention, wherein at
least two vanes are located on the aircraft, a first one of the vanes being located on a
top side of the aircraft, a second one of the vanes being located on a bottom side of
the aircraft, each one of the two vanes generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, and calculating an
angle of sideslip value from the generated parameter value of the direction of the

airflow.

[0090] In an advantageous embodiment of the present invention, wherein the
first probe compares the angle of sideslip value from the first probe to the angle of
sideslip value from the first vane and provides a first signal indicative of a result of
the first probe/vane comparison, and the second probe compares the angle of sideslip
value from the second probe to the angle of sideslip value from the second vane and

provides a second signal indicative of a result of the second probe/vane comparison.

[0091] In an advantageous embodiment of the present invention, further
comprising determining, in response to the first probe/vane comparison signal and to
the second probe/vane compaﬁson signal, if either one or both of the first probe

and/or the second probe is contaminated.

[0092] In an advantageous embodiment of the present invention, further
including four air data sensor probes, a first two of the probes being located on one
side of the aircraft, a second two of the probes being located on an opposite side of the

aircraft. The method further includes each one of the four probes generating a
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parameter value from an airflow passing by the aircraft when the aircraft is in flight,
each of the four probes calculating one of an angle of attack value and an angle of

sideslip value each from the sensed generated parameter value.

[0093] In an advantageous embodiment of the present invention, further
including comparing the angle of attack value from each of the first two probes to the
angle of attack value from each of the second two probes, and comparing the angle of
sideslip value from each of the first two probes to the angle of sideslip value from
each of the second two probes to determine if any of the first two probe and/or the

second two probes is contaminated.

[0094] In an advantageous embodiment of the present invention, further
including at least two vanes, a first one of the vanes being located on one side of the
aircraft, a second one of the vanes being located on an opposite side of the aircraft.
The method further includes each one of the two vanes generating a from a direction
of an airflow passing by the aircraft when the aircraft is in flight, each of the two
vanes calculating an angle of attack value from the sensed actual pressure parameter
value, wherein the first two probes are located on the same side of the aircraft as the
first vane, and wherein the second two probes are located on the same side of the

aircraft as the second vane.

[0095] In an advantageous embodiment of the present invention, further
including comparing the angle of attack value from each of the first two probes to the
angle of attack value from the first vane and providing a pair of first signals each
indicative of a result of the first probe/vane comparison. Also, comparing the angle of
attack value from each of the second two probes to the angle of attack value from the
~ second first vane and providing a pair of second signals each indicative of a result of

the second probe/vane comparison.

[0096] In an advantageous embodiment of the present invention, further
including determining, in response to the first pair of probe/vane comparison signals
and to the second pair of probe/vane signals, if at least one of the first two probes

and/or at least one of the second two probes is contaminated.
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[0097] In an advantageous embodiment of the present invention, further
comprising a third air data sensor probe, the third probe being located on the same
side of the aircraft as either one of the at least two probes, the third probe generating a
parameter value from an airflow passing by the aircraft when the aircraft is in flight
and calculating one of an angle of attack value and an angle of sideslip value each

from the generated parameter value.

[0098] In an advantageous embodiment of the present invention, further
comprising comparing the angle of attack value from the third probe to the angle of
attack value from the one of the at least two probes located on the opposite side of the
aircraft, and comparing the angle of sideslip value from the third probe to the angle of
sideslip value from the one of the at least two probes located on the opposite side of
the aircraft to determine if any of the first two probes and/or the third probe is

contaminated.

[0099] Embodiments of the present invention provide for a relatively simple
air data probe contamination monitor which uses known or validated characteristics of
various signals, while at the same time not being overly reliant on behavioral models.
These signals may be provided by modemn, self-contained ADSPs having both a
sensor and a computer or processor located within a housing of the ADSP, or may be
provided by the older, more classical type of system that uses pressure sensing
devices without a computer or processor directly associated with the pressure sensing
devices in a self-contained manner. Also, aircraft with a modern fly-by-wire type of
flight control system, or aircraft having a classical flight control system can benefit
from embodiments of the present invention. In addition, existing aircraft may have

embodiments of the present invention adapted thereto through a retrofitting process.
BRIEF DESCRIPTION OF THE DRAWINGS

[0100] The various embodiments of the present invention can be understood
with reference to the following drawings. The components are not necessarily to
scale. Also, in the drawings, like reference numerals designate corresponding parts

throughout the several views.

18



WO 2015/019147 PCT/IB2014/001429

[0101] Figure 1 is schematic diagram of a nose portion of an aircraft having a
number of ADSPs and an air data probe contamination monitor in accordance with

embodiments of the present invention; and

[0102] Figure 2 is a detailed block diagram of the ADSPs and vanes of Figure
1, along with a detailed logic diagram of the air data probe contamination logic in

accordance with an embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0103] The present invention is more particularly described in the following
description and examples that are intended to be illustrative only since numerous
modifications and variations therein will be apparent to those skilled in the art. As
used in the specification and in the claims, the singular form “a,” “an,” and “the” may
include plural referents unless the context clearly dictates otherwise. Also, as used in
the specification and in the claims, the term ‘“comprising” may include the
embodiments “consisting of” and “consisting.essentially of.” Furthermore, all ranges

disclosed herein are inclusive of the endpoints and are independently combinable.

[0104] As used herein, approximating language may be applied to modify any
quantitative representation that may vary without resulting in a change in the basic
furfction to which it is related. Accordingly, a value modified by a term or terms, such
as “about” and “substantially,” may not to be limited to the precise value specified, in
some cases. In at least some instances, the approximating language may correspond to

the precision of an instrument for measuring the value.

[0105] In embodiments of the present invention, an air data probe
contamination monitor for an aircraft includes at least two air data sensor probes, a
. first one of the probes being located on one side of the aircraft, a second one of the
probes being located on an opposite side of the aircraft, each one of the two probes
being operable to generate a parameter value from an airflow passing by the aircraft
when the aircraft is in flight. The monitor also includes a processor that is operable to
compare the parameter value from the first probe to the parameter value from the
second probe to determine if one of the first probe and the second probe is

contaminated.
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[0106] The foregoing and other features of various disclosed embodiments of
the invention will be more readily apparent from the following detailed description
and drawings of the illustrative embodiments of the invention wherein like reference

numbers refer to similar elements.

[0107] Referring to Figure 1, there illustrated is a schematic diagram of a nose
portion 10 of an aircraft 12 having a number of air data sensor probes (“ADSPs”) 14 —
20 and an air data probe contaminétion monitor 22 in accordance with embodiments
of the present invention. Two of the ADSPs 14, 16 are located on one side of the
aircraft 12 and are designated ADSP #1 14 and ADSP #3 16. The other two of the
ADSPs 18, 20 are located on the opposite side of the aircraft 12 and are designated
ADSP #2 18 and ADSP #4 20. However, it is to be understood that the ADSPs 14 —
20 and/or the monitor 22 being mounted near the nose portion 10 of the aircraft 12 is
purely exemplary. Instead, the ADSPs 14 — 20 and/or the monitor 22 may be
mounted in a location aft of the nose portion 10 of the aircraft 12, or in some other
appropriate location on the aircraft, as should be apparent to one of ordinary skill in

the art in light of the teachings herein.

[0108] As is known, each ADSP 14 — 20 has a number of pressure ports in the
form of, e.g., notches, located on a sensing probe portion 24 that protrudes out into the
airstream passing by the aircraft 12 when in flight. These pressure ports typically
measure, sense or generate various parameters such as pressures in the airstream from
which can be deduced flight parameters such as angle of attack, angle of sideslip,
static pressure, pitot pressure, airspeed, and altitude. These various aircraft flight
parameters may be calculated in known manner by a computer or processor located
within the housing 26 of each ADSP 14 — 20. Thus, each ADSP 14 — 20 may be

considered to be a self-contained air data computer or system.

[0109] The four ADSPs 14 — 20 may be connected with one another and with
a flight control computer (“FCC”) 28 or aircraft avionics module 28 by signal wires
30. The flight control computer or avionics module 28 may contain the air data probe
contamination monitor 22 in embodiments of the present invention. Instead, the
monitor 22 may be a standalone device or module apart from the flight control

computer or avionics module 28. Regardless, in embodiments of the present
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invention, the air data probe contamination monitor 22 may comprise software that
runs on a computer or processor that is part of the flight control computer or avionics
module 28. However, it is to be understood that various other embodiments of the
present invention contemplate that the air data probe contamination monitor 22 be
embodied entirely in electronic hardware, or partly in software and partly in hardware.
Also the flight control computer or avionics module 28 may be part of a fly-by-wire
(“FBW?”) type of aircraft flight control system. In the alternative, the flight control
computer or avionics module 28 may be part of a more traditional or “classical”

mechanical or hydro-mechanical type of aircraft flight control system.

[0110] According to embodiments of the present invention, Figure 1 also
illustrates two vanes 32, 34 — one vane 32 being designated vane #1 32 and disposed
on one side of the aircraft 12 having ADSP #1 14 and ADSP #3 16; the other vane 32
being designated vane #2 34 and disposed on the other side of the aircraft 12 having
ADSP #2 18 and ADSP #4 20. Each vane 32, 34 has a sensing portion 36 that
protrudes out into the airstream passing by the aircraft 12 when in flight, along with a
computer or processor located within the housing 38 of each vane 32, 34. Also, each
vane 32, 34 may communicate with the ADSPs 14 - 20 and the air data probe
contamination monitor 22 by signal wires 30. In the alternative, each vane 32, 34 may
communicate instead directly and only with the FCC or avionics module 28. As will
become more apparent hereinafter, each vane 32, 34 provides a secondary indication
of the angle of attack of the aircraft 12 to the air data probe contamination monitor 22
(or to the FCC or avionics module 28), which may be utilized in embodiments of the
present invention as discussed hereinafter. Further, in accordance with alternative
embodiments of the present invention and as described in more detail hereinafter,
only one of the vanes 32, 34 may be utilized instead of the two vanes 32, 34
illustrated in Figure 1.

[0111] Referring to Figure 2, there illustrated in more detail in block diagrani
form are the ADSPs 14 — 20 and the two vanes 32, 34, along with a detailed logic
diagram description of the air data probe contamination logic 22 in accordance with
an embodiment of the present invention. As discussed hereinabove, this logic 22 may

be embodied in software and executed by the flight control computer 28 of Figure 1.
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Thus, Figure 2 may also function as a flowchart of steps in a method executed by the
processor that embodies the air data probe contamination logic 22 according to

embodiments of the present invention.

[0112] According to embodiments of the present invention and as mentioned
hereinabove, each of the ADSPs 14 — 20 senses or generates various pressures and
temperatures from the airflow passing by the aircraft in the vicinity of the ADSPs 14
— 20 and calculates various aircraft flight parameters therefrom. For example, each
ADSP 14 — 20 calculates an angle of attack (“AQA”) value. Also each of the two
vanes 32, 34 also calculates an angle of attack value from the pressures that it senses
in the airflow passing by the aircraft 12 while in flight. Vane #1 32 provides its
calculated AOA value to both of ADSP #1 14 and ADSP #3 16 on signal lines 50.
Vane #2 34 provides its calculated AOA value to both of ADSP #2 18 and ADSP #4
20 on signal lines 52.

[0113] In the alternative and as mentioned hereinabove, the vanes 32, 34 may
instead communicate solely with the FCC or avionics module 28 and not the air date
probe contamination logic 22. As such, the portion of the logic 22 described herein
involving the vanes 32, 34 may instead be executed by the FCC or the avionics
module 28. Such logic executed by the FCC or avionics module 28 may be similar to
that described herein or may differ to some extent but if different, such differences

should be apparent to one of ordinary skill in the art in light of the teachings herein.

[0114] Each ADSP 14 — 20 provides a signal on a line 54 — 60, respectively,
to the air data probe contamination monitor logic 22, wherein each of these signals 54
— 60 is indicative of both the AOA calculated by the corresponding ADSP 14 — 20 and
is also indicative of the angle of sideslip (“AOS”) of the aircraft 12 while in flight as
calculated by each of the ADSPs 14 - 20.

[0115] Also, each ADSP 14 — 20 also calculates an amount of difference (i.e.,
“miscomparison”) between the AOA value calculated by each ADSP 14 — 20 and the
AOA value calculated by each vane 32, 34. Each ADSP 14 — 20 then provides a
signal on a line 62 — 68, respectively, indicative of the amount of difference or

“miscomparison” between the two AOA values. Each signal on the lines 62 — 68 may
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be indicative of a binary “flag” in which the flag may be set to a binary “one” or
“true” value if the amount of difference between the ADSP AOA value and the vane
AOA value differs by a predetermined amount for a certain period of time. Otherwise

this binary “flag” may be set to binary “zero” or “false” value.

[0116] As shown in Figure 2, the logic 22 within the flight control computer
or avionics module 28 (Figure 1) may then “start” by checking in a step 100 if each
ADSP 14 - 20 on one side of the aircraft 12 “agrees” with each of the ADSPs 14 — 20
on the other side of the aircraft 12. In an embodiment of the present invention, the
step 100 does this by checking for “agreement” of the AOA values calculated by each
ADSP 14 - 20, and not including the AOA value calculated by the vanes 32, 34 and
provided to the corresponding ADSPs 14 - 20. An ADSP 14 — 20 is in “agreement”
with an opposite side ADSP 14 — 20 using one or more of various criteria — for
example, an amount of degrees of the AOA angle, if the two ADSP AOA values are

within a certain number of degrees.

[0117] An example of the logic of step 100 is that the ADSP #1 14 on one side
of the aircraft 12 checks its AOA value against the AOA value of the ADSP #2 18 on
the other side of the aircraft 12. If the two AOA values compare favorably (i.e., are
within a certain number of degrees), then a step 104 is executed in which the AOS
value from ADSP #1 14 is compared to the AOS value from ADSP #2 18 on the other
side of the aircraft. The criterion used by the step 104 to determine if the two AOS
values are in agreement may be a number of degrees of difference between the two
AOS values not being exceeded. If, as a result of the step 104, the two AOS values
are in “agreement,” then ADSP #1 14 is assumed to not be contaminated in a step

108.

[0118] Returning to step 100, if the AOA value of ADSP #1 14 is not in
agreement with the AOA value from ADSP #2 18, then a step 112 is executed in
which ADSP #1 14 is checked to see if it is invalid. This may be indicated by a
validity bit or an indicator of some type included with the AOA value from the ADSP
#1 14. If the ADSP #1 14 is determined to be invalid in the step 112, then a step 116
is executed in which ADSP #1 may be assumed to be contaminated. As such, the

flight control computer or avionics module 28 on the aircraft 12 may stop using any
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AOA or AOS values from ADSP #1 14. Although this rule may not be strictly true. In
alternative embodiments, a single ADSP 14 — 20 being contaminated, or two ADSPs
14 — 20 being contaminated, may instead be determined not to be a problematic
situation for the aircraft 12. Instead, 1t is only when at least three ADSPs 14 — 20 are

contaminated is there considered to be a problem.

[0119] If, instead, the step 112 determines thaf the ADSP #1 14 is valid, then a
step 120 is executed in which the signal on the line 54 is checked to see if the AOA
value calculated locally by the ADSP #1 14 compared favorably or was in agreement
with the AOA value provided by the vane #1 32. As described hereinbefore, this
comparison takes place within the ADSP #1 14 itself and the result of the comparison

is indicated by a binary value on the signal line 62.

[0120] If the ADSP #1 14 AOA value is not in agreement with the AOA value
from the vane #1 32, then the step 116 is executed in which the ADSP #1 14 is

assumed to be contaminated.

[0121] Instead, if the ADSP #1 14 AOA value is in agreement with the AOA
value from the vane #1 32, then the step 108 is executed in which ADSP #1 14 is

assumed to be not contaminated.

[0122] The steps 100 — 120 are repeated for ADSP #1 14 as compared to
ADSP #4 20, since ADSP #4 is located on the opposite side of the aircraft 12 from
ADSP #1 14. Similarly, the steps 100 — 120 are repeated for ADSP #3 16 as compared
to each of ADSP #2 18 and ADSP #4 20, since ADSP #3 16 is on the opposite side of
the aircraft from ADSP #2 18 and ADSP #4 20.

[0123] In accordance with embodiments of the present invention, the steps
100 — 120 are repeated for each of ADSP #2 18 as compared to each of ADSP #1 14
and ADSP #3 16, and are also repeated for each of ADSP #4 20 as compared to each
of ADSP #1 14 and ADSP #3 16. This is because ADSP #2 18 and ADSP #4 20 are
each on the opposite side of the aircraft 12 from ADSP #1 14 and ADSP #3 16.

[0124] The reason that ADSPs 14 — 20 on one side of the aircraft 12 are
compared with the ADSPs 14 — 20 on the other side of the aircraft 12 is that the two
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ADSPs 14 — 20 on either side of the aircraft 12 tend to exhibit the same AQOA and

AOQOS errors because they are on the same side of the aircraft 12.

19

[0125] Thus, in embodiments of the present invention, a single “not
contaminated” confirmation between two opposite side ADSPs 14 — 20 indicates a
“not contaminated” condition of both of these ADSPs 14 — 20. For example, ADSP #1
14 may miscompare with ADSP #2, 18, but compare favorably with ADSP #4 20.

This would be sufficient to declare ADSP #1 14 as not being contaminated.

[0126] If, as a result of execution of the air data probe contamination logic 22
by the flight control computer or avionics module 28 on the aircraft 12, it is
determined that any one of the four ADSPs 14 — 20 are assumed to be contaminated,
then the flight control computer 28 is notified of this type of problematic condition
and the flight control system may take some type of corrective action while the
aircraft 12 is still in flight. That is, ruling out even just one of the ADSPs 14 — 20 as
being contaminated is beneficial to the overall FCC or avionics module 28. Also, a
notification of this type of problematic condition may be sent as well to the flight
crew to alert them to this potentially dangerous condition. This way, a potentially
dangerous or even catastrophic situation for the aircraft 12 can be detected and

subsequently avoided.

[0127] It should be understood that the broadest embodiments of the present
invention do not necessarily require that the AOA values from the two vanes 32, 34
be utilized in the air data probe contamination logic 22. However, use of the AOA
values from the two vanes in the logic 22 provides for a second “layer” of ADSP 14 —
20 validation. Thus, as can be seen from the teachings of the foregoing, the broadest
embodiments of the present invention comprise an “opposite-side-probe-in-
agreement” check, which by itself is sufficient to detect failed (e.g., contaminated) air

data sensor probes 14 — 20.

[0128] However, as mentioned hereinabove, alternative embodiments of the
present invention may utilize a single vane 32, 34 instead of the two vanes 32, 34
described and illustrated herein. The single vane 32, 34 may be located as shown in

Figure 1 on one side of the aircraft 12. Depending on the level of sensing and logic
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sophistication of the single vane 32, 34 utilized in these alternative embodiments, one
optional embodiment may be to use the actual vane 32, 34 physically located on one
side of the aircraft 12 as an extra layer of validation for the ADSPs 14 — 20 as
described hereinabove. At the same time a “dummy” invalid vane may be postulated
for the other side of the aircraft 12. Another optional embodiment is to use the actual
vane 32, 34 physically located on one side of the aircraft 12 as an extra layer of
validation for all of the ADSPs 14 — 20 if the vane 32, 34 is reasonably compensated
for sideslip with the help of other sensors on the aircraft and independent of the air
data system. For example, lateral acceleration from inertial sensors located on the

aircraft 12 may be used for this compensation task.

[0129] Also, it should be understood that the use of four ADSPs 14 - 20 in the
air data probe contamination monitor 22 described and illustrated herein is purely
exemplary. Other numbers of ADSPs may be utilized in light of the teachings herein.
It suffices that at least two ADSPs 14 — 20 are used with one of the two ADSPs being
located on one side of the aircraft and the other ADSP being located on the other side
of the aircraft. This is so as to take “meaningful” data as oppoéed to “meaningless”
data which would comprise similar data from the same side of the aircraft. Along
these lines, in alternative embodiments 1if only two ADSPs 14 — 20 are utilized — one
on each side of the aircraft 12, then only a single additional ADSP 14 — 20, instead of
two additional ADSPs 14 — 20, may be located on one side of the aircraft 12 and

utilized in accordance with the teachings herein.

[0130] The use of two separate vanes 32, 34, one mounted on each side of the
aircraft 12, has been described and illustrated herein. The vanes 3P2, 34 have been
described and illustrated as being utilized to provide angle of attack (“AOA”) values
that were then used to determine if any of the ADSPs 14 — 20 were contaminated.
However, in other, alternative embodiments of the present invention, instead of using
vanes 32, 34 to provide AOA values, other similar types of vanes may be used to
provide angle of sideslip (“AOS”) values of the aircraft 12 during flight. A single
AOS vane, or a pair of AOS vanes, may be utilized in embodiments of the present

invention. An AOS vane may be somewhat physically similar to an AOA vane 32, 34
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in that an AOS vane may comprise a relatively small device with a “wing” that aligns

itself with the airflow passing by the aircraft.

[0131] One primary difference between the AOA vanes 32, 34 previously
described and illustrated in Figure 1 and the AOS vanes is that where the AOA vanes
32, 34 were located on either side of the aircraft 12, the AOS vanes are located on the
top and bottom of the aircraft 12 — that is, perpendicular to the ground — in order to
properly sense the sideslip of the aircraft 12. This can be easily visualized in Figure 1
by considering the left side of the aircraft 12 shown in that figure as the top of the
aircraft 12 and by considering the right side of the aircraft 12 shown in that figure as
the bottom of the aircraft 12. If only one AOS vane is utilized in an alternative

embodiment, then it may be located on either the top or bottom of the aircraft 12.

[0132] Then similar to the logic 22 of Figure 2 and described hereinabove, the
AOS values from the single AOS vane or from the pair of AOS vanes may be utilized
to provide a second “layer” of validation. That is, the single AOS vane in an
embodiment may be associated with the one or pair of ADSPs 14 — 20 on one side of
the aircraft 12 and a “dummy” invalid AOS vane may be associated with the one or
pair of ADSPs 14 — 20 located on the other side of the aircraft 12. In the alternative,
the single AOS vane in an embodiment may be associated with the one or pair of
ADSPs 14 — 20 on one side of the aircraft 12 and that single AOS vane may be
reasonably compensated for sideslip with the help of other sensors independent of the

air data system on the aircraft 12.

[0133] If instead, a pair of AOS vanes are utilized, then the logic 22 of Figure

2 may be applicable to this alternative embodiment.

[0134] As will be appreciated by one skilled in the art, aspects of the present
invention may be embodied as a system, method or computer program product.
Accordingly, aspects of the present invention may take the form of an entirely
hardware embodiment, an entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining software and hardware

1% ¢

aspects that may all generally be referred to herein as a “circuit,” “module” or

“system.” Furthermore, aspects of the present invention may take the form of a
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computer program product embodied in one or more non-transitory computer readable
medium(s) having computer readable program code embodied thereon. The computer
program product may, for example, be executed by a control system, such as, for

example, the flight control computer 28 of Figure 1.

[0135] Any combination of one or more computer readable medium(s) may be
utilized. The computer readable medium may be a computer readable signal medium
or a non-transitory computer readable storage medium. A non-transitory computer
readable storage medium may be, 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. More specific examples (a non-
exhaustive list) of the computer readable storage medium would include the
following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), an optical
fiber, a portable compact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in connection with an

instruction execution system, apparatus, or device.

[0136] A computer readable signal medium may include a propagated data
signal with computer readable program code embodied therein, for example, in
baseband or as part of a carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-magnetic, optical, or any
suitable combination thereof. A computer readable signal medium may be any
computer readable medium that is not a computer readable storage medium and that
can communicate, propagate, or transport a program for use by or in connection with

an instruction execution system, apparatus, or device.

[0137] Program code embodied on a computer readable medium may be
transmitted using any appropriate medium, including but not limited to wireless,

wireline, optical fiber cable, RF, etc., or any suitable combination of the foregoing.
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[0138] Computer program code for carrying out operations for aspects of the
present invention may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural programming languages, such

as the “C” programming language or similar programming languages.

[0139] Aspects of the present invention are described below with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These computer program instructions
may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of the computer or other
programmable data processing apparatus, create means for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

[0140] These computer program instructions may also be stored in a computer
readable medium that can direct a computer, other programmable data processing
apparatus, or other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce an article of
manufacture including instructions which implement the function/act specified in the

flowchart and/or block diagram block or blocks.

[0141] The computer program instructions may also be loaded onto a
computer (e.g., the flight control computer 28 of Figure 1), other programmable data
processing apparatus, or other devices to cause a series of operational steps to be
performed on the computer, other programmable apparatus or other devices to
produce a computer implemented process such that the instructions which execute on
the computer or other programmable apparatus provide processes for implementing

the functions/acts specified in the flowchart and/or block diagram block or blocks
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[0142] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention is I'deﬁned by the claims, and
may include other examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the

claims. All citations referred herein are expressly incorporated herein by reference.
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CLAIMS
What is claimed is:
1. An air data probe contamination monitor for an aircraft, comprising:

at least two air data sensor probes, a first one of the probes being located on
one side of the aircraft, a second one of the probes being located on an opposite side
of the aircraft, each one of the two probes being operable to generate a parameter

value from an airflow passing by the aircraft when the aircraft is in flight; and

a processor that is operable to compare the generated parameter value from the
first probe to the generated parameter value from the second probe to determine if one

of the first probe and the second probe is contaminated.

2. The air data probe contamination monitor of claim 1, wherein the
parameter value is generated by sensing an actual pressure from the airflow passing

by the aircraft.

3. The air data probe contamination monitor of claim 1, wherein the generated

parameter value is an angle of attack value.

4. The air data probe contamination monitor of claim 3, wherein the processor
is operable to compare the angle of attack value from the first probe to the angle of

attack value from the second probe.

5. The air data probe contamination monitor of claim 1, wherein the generated

parameter value is an angle of sideslip value.

6. The air data probe contamination monitor of claim 5, wherein the processor
is operable to compare the angle of sideslip value from the first probe to the angle of

sideslip value from the second probe.

7. The aircraft air data probe contamination monitor of claim 1, wherein the

air data probe contamination monitor is part of a flight control system for the aircraft.
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8. The aircraft air data probe contamination monitor of claim 7, wherein the

aircraft flight control system comprises a fly-by-wire type of flight control system.

9. The aircraft air data probe contamination monitor of claim 1, wherein the
air data probe contamination monitor is part of a flight control system for the aircraft,
and wherein if the processor determines that either one or both of the first probe
and/or the second probe is contaminated, then the flight control system is notified of
the contaminated first probe and/or second probe and/or a flight crew is notified of the

contaminated first probe and/or second probe.

10. The aircraft air data probe contamination monitor of claim 3, further
comprising at least two vanes, a first one of the vanes being located on one side of the
aircraft, a second one of the vanes being located on an opposite side of the aircraft,
each one of the two vanes being operable to generate a parameter value from a
direction of an airflow passing by the aircraft when the aircraft is in flight, each of the
two vanes also being operable to calculate an angle of attack value from the generated

parameter value of the direction of the airflow.

11. The aircraft air data probe contamination monitor of claim 10, wherein the
first probe is located on the same side of the aircraft as the first vane, and wherein the -

second probe is located on the same side of the aircraft as the second vane.

12. The aircraft air data probe contamination monitor of claim 10, wherein the
first probe is operable to compare the angle of attack value from the first probe to the
angle of attack value from the first vane and to provide a first signal indicative of a
result of the first probe/vane comparison, and wherein the second probe is operable to
compare the angle of attack value from the second probe to the angle of attack value
from the second vane and to provide a second signal indicative of a result of the

second probe/vane comparison. -

13. The aircraft air data probe contamination monitor of claim 12, wherein the
processor is responsive to the first probe/vane comparison signal and is responsive to
the second probe/vane comparison signal to determine if either one or both of the first

probe and/or the second probe is contaminated.
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14. The aircraft air data probe contamination monitor of claim 3, further
comprising at least one vane being located on the aircraft and being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, the at least one vane also being operable to calculate an angle

of attack value from the generated parameter value of the direction of the airflow.

15. The aircraft air data probe contamination monitor of claim 14, wherein the
at least one vane is located on the same side of the aircraft as one of the first and

second probes.

16. The aircraft air data probe contamination monitor of claim 14, wherein
one of the first probe or second probe is operable to compare the angle of attack value
from the at least one vane and to provide a signal indicative of a result of the

probe/vane comparison.

17. The aircraft air data probe contamination monitor of claim 16, wherein the
processor is responsive to the probe/vane comparison signal to determine if either one

or both of the first probe and/or the second probe is contaminated.

18. The aircraft air data probe contamination monitor of claim 5, further
comprising at least one vane being located on the aircraft and being operable to
generate a parameter value from a direction of an airflow passing by the aircraft when
the aircraft is in flight, the at least one vane also being operable to calculate an angle

of sideslip value from the generated parameter value of the direction of the airflow.

19. The aircraft air data probe contamination monitor of claim 18, wherein the

at least one vane is located on a top side or a bottom side of the aircraft.

20. The aircraft air data probe contamination monitor of claim 18, wherein
one of the first probe or second probe is operable to compare the angle of sideslip
- value from the at least one vane and to provide a signal indicative of a result of the

probe/vane comparison.
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21. The aircraft air data probe contamination monitor of claim 20, wherein the
processor is responsive to the probe/vane comparison signal to determine if either one

or both of the first probe and/or the second probe is contaminated.

22. The aircraft air data probe contamination monitor of claim 5, further
comprising at least two vanes, a first one of the vanes being located on a top side of
the aircraft, a second one of the vanes being located on a bottom side of the aircraft,
each one of the two vanes being operable to generate a parameter value from a
direction of an airflow passing by the aircraft when the aircraft is in flight, each of the
two vanes also being operable to calculate an angle of sideslip value from the

generated parameter value of the direction of the airflow.

23. The aircraft air data probe contamination monitor of claim 22, wherein the
first probe is operable to compare the angle of sideslip value from the first probe to
the angle of sideslip value from the first vane and to provide a first signal indicative of
a result of the first probe/vane comparison, and wherein the second probe is operable
to compare the angle of sideslip value from the second probe to the angle of sideslip
value from the second vane and to provide a second signal indicative of a result of the

second probe/vane comparison.

24. The aircraft air data probe contamination monitor of claim 23, wherein the
processor is responsive to the first probe/vane comparison signal and is responsive to
the second probe/vane comparison signal to determine if either one or both of the first

probe and/or the second probe is contaminated.

25. The aircraft air data probe contamination monitor of claim 1, further
comprising four air data sensor probes, a first two of the probes being located on one
side of the aircraft, a second two of the probes being located on an opposite side of the
aircraft, each one of the four probes being operable to generate a parameter value
from an airflow passing by the aircraft when the aircraft is in flight, each of the four
probes also being operable to calculate one of an angle of attack value and an angle of

sideslip value each from the generated parameter value.
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26. The aircraft air data probe contamination monitor of claim 25, wherein the
processor is operable to compare the angle of attack value from each of the first two
probes to the angle of attack value from each of the second two probes, and to
compare the angle of sideslip value from each of the first two probes to the angle of
sideslip value from each of the second two probes to determine if any of the first two

probes and/or the second two probes is contaminated.

27. The aircraft air data probe contamination monitor of claim 25, further
comprising at least two vanes, a first one of the vanes being located on one side of the
aircraft, a second one of the vanes being located on an opposite side of the aircraft,
each one of the two vanes being operable to generate a parameter value from a
direction of an airflow passing by the aircraft when the aircraft is in flight, each of the
two vanes also being operable to calculate an angle of attack value from the generated
parameter value, wherein the first two probes are located on the same side of the
aircraft as the first vane, and wherein the second two probes are located on the same

side of the aircraft as the second vane.

28. The aircraft air data probe contamination monitor of claim 27, wherein
each of the first two probes is operable to compare the angle of attack value from each
of the first two probes to the angle of attack value from the first vane and to provide a
pair of first signals each indicative of a result of the first probe/vane comparison, and
wherein each of the second two probes is operable to compare the angle of attack
value from each of the second two probes to the angle of attack value from the second
vane and to provide a pair of second signals each indicative of a result of the second

probe/vane comparison.

29. The aircraft air data probe contamination monitor of claim 28, wherein the
processor is responsive to the first pair of probe/vane comparison signals and is
'responsive to the second pair of probe/vane comparison signals to determine if at least
one of the first two probes and/or at least one of the second two probes is

contaminated.
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30. The aircraft air data probe contamination monitor of claim 1, further
comprising a third air data sensor probe, the third probe being located on the same
side of the aircraft as either one of the at least two probes, the third probe being
operable to generate a parameter value from an airflow passing by the aircraft when
the aircraft is in flight, the third probe also being operable to calculate one of an angle
of attack value and an angle of sideslip value each from the generated parameter

value.

31. The aircraft air data probe contamination monitor of claim 30, wherein the
processor is operable to compare the angle of attack value from the third probe to the
angle of attack value from the one of the at least two probes located on the opposite
side of the aircraft, and to compare the angle of sideslip value from the third probe to
the angle of sideslip value from the one of the at least two probes located on the
opposite side of the aircraft to determine if any of the first two probes and/or the third

probe is contaminated.

32. A method for determining if any one of at least two air data sensor probes

mounted on opposite sides of an aircraft is contaminated, the method comprising:

each one of the two probes generating a parameter value from an airflow

passing by the aircraft while the aircraft is in flight; and

comparing the generated parameter value from the first probe to the generated
parameter value from the second probe to determine if one of the first probe and the

second probe is contaminated.

33. The method of claim 32, wherein the parameter is generated by sensing

an actual pressure from the airflow passing by the aircraft.

34. The method of claim 32, wherein the generated parameter value is an

angle of attack value.

35. The method of claim 34, wherein the step of comparing comprises
comparing the angle of attack value from the first probe to the angle of attack value

from the second probe.
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36. The method of claim 32, wherein the generated parameter value is an

angle of sideslip value.

37. The method of claim 36, wherein the step of comparing comprises
comparing the angle of sideslip value from the first probe to the angle of sideslip

value from the second probe.

38. The method of claim 32, wherein if it is determined that either one or both
of the first probe and/or the second probe is contaminated, then notifying either an
aircraft flight control system and/or a flight crew of the contaminated first and/or

second probe.

39. The method of claim 34, wherein at least two vanes are mounted on
opposite sides of the aircraft, a first one of the vanes being located on one side of the
aircraft, a second one of the vanes being located on an opposite side of the aircraft, the
method further comprising each one of the two vanes generating a parameter value
from a direction of an airflow passing by the aircraft when the aircraft is in flight, and
each of the two vanes calculating an angle of attack value from the generated

parameter value of the direction of the airflow.

40. The method of claim 39, wherein the first probe is located on the same
side of the aircraft as the first vane, and wherein the second probe is located on the

same side of the aircraft as the second vane.

41. The method of claim 39, further comprising the first probe comparing the
angle of attack value from the first probe to the angle of attack value from the first
vane and to provide a first signal indicative of a result of the first probe/vane
comparison, and the second probe comparing the angle of attack value from the
second probe to the angle of attack value from the second vane and to provide a

second signal indicative of a result of the second probe/vane comparison.

42. The method of claim 41, further comprising determining from the first
and second signals, if either one or both of the first probe and/or the second probe is

contaminated.
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43. The method of claim 34, wherein at least one vane being located on the
aircraft and generating a parameter value from a direction of an airflow passing by the
aircraft when the aircraft is in flight, and calculating an angle of attack value from the

generated parameter value of the direction of the airflow.

44, The method of claim 43, wherein the at least one vane is located on the

same side of the aircraft as one of the first and second probes.

45. The method of claim 43, wherein one of the first probe or second probe
compares the angle of attack value from the at least one vane and provides a signal

indicative of a result of the probe/vane comparison.

46. The method of claim 45, further comprising determining from the
probe/vane comparison signal if either one or both of the first probe and/or the second

probe is contaminated.

47. The method of claim 36, wherein at least one vane being located on the
aircraft and generating a parameter value from a direction of an airflow passing by the
aircraft when the aircraft is in flight, and calculating an angle of sideslip value from

the generated parameter value of the direction of the airflow.

48. The method of claim 47, wherein the at least one vane is located on a top

side or a bottom side of the aircraft.

49. The method of claim 47, wherein one of the first probe or second probe
compares the angle of sideslip value from the at least one vane and provides a signal

indicative of a result of the probe/vane comparison.

50. The method of claim 49, further comprising determining from the
probe/vane comparison signal if either one or both of the first probe and/or the second

probe is contaminated.

51. The method of claim 36, wherein at least two vanes are located on the
aircraft, a first one of the vanes being located on a top side of the aircraft, a second
one of the vanes being located on a bottom side of the aircraft, each one of the two

vanes generating a parameter value from a direction of an airflow passing by the
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aircraft when the aircraft is in flight, and calculating an angle of sideslip value from

the generated parameter value of the direction of the airflow.

52. The method of claim 51, wherein the first probe compares the angle of
sideslip value from the first probe to the angle of sideslip value from the first vane and
provides a first signal indicative of a result of the first probe/vane comparison, and the
second probe compares the angle of sideslip value from the second probe to the angle
of sideslip value from the second vane and provides a second signal indicative of a

result of the second probe/vane comparison.

53. The method of claim 52, further comprising determining, in response to
the first probe/vane comparison signal and to the second probe/vane comparison

signal, if either one or both of the first probe and/or the second probe is contaminated.

54. The method of claim 32, further comprising four air data sensor probes, a
first two of the probes being located on one side of the aircraft, a second two of the
probes being located on an opposite side of the aircraft, the method further comprising
each one of the four probes generating a parameter value from an airflow passing by
the aircraft when the aircraft is in flight, each of the four probes calculating one of an
angle of attack value and an angle of sideslip value from the generated parameter

value.

55. The method of claim 54, further comprising comparing the angle of attack
value from each of the first two probes to the angle of attack value from each of the
second two probes, and comparing the angle of sideslip value from each of the first
two probes to the angle of sideslip value from each of the second two probes to

determine if any of the first two probe and/or the second two probes is contaminated.

56. The method of claim 54, further comprising at least two vanes, a first one
of the vanes being located on one side of the aircraft, a second one of the vanes being
located on an opposite side of the aircraft, the method further comprising each one of
the two vanes generating a parameter value from a direction of an airflow passing by
the aircraft when the aircraft is in flight, each of the two vanes calculating an angle of

attack value from the sensed actual pressure parameter value, wherein the first two
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probes are located on the same side of the aircraft as the first vane, and wherein the

second two probes are located on the same side of the aircraft as the second vane.
57. The method of claim 56, further comprising;:

comparing the angle of attack value from each of the first two probes to the
angle of attack value from the first vane and providing a pair of first signals each

indicative of a result of the first probe/vane comparison; and

comparing the angle of attack value from each of the second two probes to the
angle of attack value from the second first vane and providing a pair of second signals

each indicative of a result of the second probe/vane comparison.

58. The method of claim 57, further comprising determining, in response to
the first pair of probe/vane comparison signals and to the second pair of probe/vane
signals, if at least one of the first two probes and/or at least one of the second two

probes is contaminated.

59. The method of claim 32, further comprising a third air data sensor probe,
the third probe being located on the same side of the aircraft as either one of the at
least two probes, the third probe generating a parameter value from an airflow passing
by the aifcraft when the aircraft is in flight and calculating one of an angle of attack

value and an angle of sideslip value each from the generated parameter value.

60. The method of claim 59, further comprising comparing the angle of attack
value from the third probe to the angle of attack value from the one of the at least two
probes located on the opposite side of the aircraft, and comparing the angle of sideslip
value from the third probe to the angle of sideslip value from the one of the at least
two probes located on the opposite side of the aircraft to determine if any of the first

two probes and/or the third probe is contaminated.

61. A computer program product for determining if any one of at least two
air data sensor probes mounted on opposite sides of an aircraft is contaminated, the

computer program product comprising a non-transitory computer readable storage
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medium having program code embodied therewith, the program code
readable/executable by a computer, processor or logic circuit to perform a method
comprising: each one of the two probes generating a parameter value from an airflow

passing by the aircraft while the aircraft is in flight; and

comparing the generated parameter value from the first probe to the generated
parameter value from the second probe to determine if one of the first probe and the

second probe is contaminated.

62. The computer program product of claim 61, wherein the parameter is

generated by sensing an actual pressure from the airflow passing by the aircraft.

63. The computer program product of claim 61, wherein the generated

parameter value is an angle of attack value.

64. The computer program product of claim 63, wherein the step of
comparing comprises comparing the angle of attack value from the first probe to the

angle of attack value from the second probe.

65. The computer program product of claim 61, wherein the generated

parameter value is an angle of sideslip value.

66. The computer program product of claim 65, wherein the step of
comparing comprises comparing the angle of sideslip value from the first probe to the

angle of sideslip value from the second probe.

67. The computer program product of claim 61, wherein if it is determined
that either one or both of the first probe and/or the second probe is contaminated, then
notifying either an aircraft flight control system and/or a flight crew of the

contaminated first and/or second probe.

68. The computer program product of claim 63, wherein at least two vanes are
mounted on opposite sides of the aircraft, a first one of the vanes being located on one

side of the aircraft, a second one of the vanes being located on an opposite side of the

41



WO 2015/019147 PCT/IB2014/001429

aircraft, the method further comprising each one of the two vanes generating a
parameter value from a direction of an airflow passing by the aircraft when the
aircraft is in flight, and each of the two vanes calculating an angle of attack value

from the generated parameter value of the direction of the airflow.

69. The computer program product of claim 68, wherein the first probe is
located on the same side of the aircraft as the first vane, and wherein the second probe

is located on the same side of the aircraft as the second vane.

70. The computer program product of claim 68, further comprising the first
probe comparing the angle of attack value from the first probe to the angle of attack
value from the first vane and to provide a first signal indicative of a result of the first
probe/vane comparison, and the second probe comparing the angle of attack value
from the second probe to the angle of attack value from the second vane and to

provide a second signal indicative of a result of the second probe/vane comparison.

71. The cbmputer vprogram product of claim 70, further comprising
determining from the first and second signals, if either one or both of the first probe

and/or the second probe is contaminated.

~ 72. The computer program product of claim 63, wherein at least one vane
being located on the aircraft and generating a parameter value from a direction of an
airflow passing by the aircraft when the aircraft is in flight, and calculating an angle

of attack value from the generated parameter value of the direction of the airflow.

73. The computer program product of claim 72, wherein the at least one vane

is located on the same side of the aircraft as one of the first and second probes.

74. The computer program product of claim 72, wherein one of the first probe
or second probe compares the angle of attack value from the at least one vane and

provides a signal indicative of a result of the probe/vane comparison.

75. The computer program product of claim 74, further comprising
determining from the probe/vane comparison signal if either one or both of the first

probe and/or the second probe is contaminated.
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76. The computer program product of claim 65, wherein at least one vane
being located on the aircraft and generating a parameter value from a direction of an
airflow passing by the aircraft when the aircraft is in flight, and calculating an angle

of sideslip value from the generated parameter value of the direction of the airflow.

77. The computer program product of claim 76, wherein the at least one vane

is located on a top side or a bottom side of the aircraft.

78. The computer program product of claim 76, wherein one of the first probe
or second probe compares the angle of sideslip value from the at least one vane and

provides a signal indicative of a result of the probe/vane comparison.

79. The computer program product of claim 78, further comprising
determining from the probe/vane comparison signal if either one or both of the first

probe and/or the second probe is contaminated.

80. The computer program product of claim 65, wherein at least two vanes are
located on the aircraft, a first one of the vanes being located on a top side of the
aircraft, a second one of the vanes being located on a bottom side of the aircraft, each
one of the two vanes generating a parameter value from a direction of an airflow
passing by the aircraft when the aircraft is in flight, and calculating an angle of

sideslip value from the generated parameter value of the direction of the airflow.

81. The computer program product of claim 80, wherein the first probe
compares the angle of sideslip value from the first probe to the angle of sideslip value
from the first vane and provides a first signal indicative of a result of the first
probe/vane comparison, and the second probe compares the angle of sideslip value
from the second probe to the angle of sideslip value frorﬂ the second vane and

provides a second signal indicative of a result of the second probe/vane comparison.

82. The computer program product of claim 81, further comprising
determining, in response to the first probe/vane comparison signal and to the second
probe/vane comparison signal, if either one or both of the first probe and/or the

second probe is contaminated.
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83. The computer program product of claim 61, further comprising four air
data sensor probes, a first two of the probes being located on one side df the aircraft, a
second two of the probes being located on an opposite side of the aircraft, the method
further comprising each one of the four probes generating a parameter value from an
airflow passing by the aircraft when the aircraft is in flight, each of the four probes
calculating one of an angle of attack value and an angle of sideslip value from the

generated parameter value.

84. The computer program product of claim 83, further comprising
comparing the angle of attack value from each of the first two probes to the angle of
attack value from each of the second two probes, and comparing the angle of sideslip
value from each of the first two probes to the angle of sideslip value from each of the
second two probes to determine if any of the first two probe and/or the second two

probes is contaminated.

85. The computer program product of claim 83, further comprising at least
two vanes, a first one of the vanes being located on one side of the aircraft, a second
one of the vanes being located on an opposite side of the aircraft, the method further
comprising each one of the two vanes generating a parameter value from a direction
of an airflow passing by the aircraft when the aircraft is in flight, each of the two
vanes calculating an angle of attack value from the sensed actual pressure parameter
value, wherein the first two probes are located on the same side of the aircraft as the
first vane, and wherein the second two probes are located on the same side of the

aircraft as the second vane.
86. The computer program product of claim 85, further comprising:

comparing the angle of attack value from each of the first two probes to the
angle of attack value from the first vane and providing a pair of first signals each

indicative of a result of the first probe/vane comparison; and

comparing the angle of attack value from each of the second two probes to the
angle of attack value from the second first vane and providing a pair of second signals

each indicative of a result of the second probe/vane comparison.
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‘87. The computer program product of claim 86, further comprising
determining, in response to the first pair of probe/vane comparison signals and to the
second pair of probe/vane signals, if at least one of the first two probes and/or at least

one of the second two probes is contaminated.

88. The computer program product of claim 61, further comprising a third air
data sensor probe, the third probe being located on the same side of the aircraft as
either one of the at least two probes, the third probe generating a parameter value
from an airflow passing by the aircraft when the aircraft is in flight and calculating
oﬁe of an angle of attack value and an angle of sideslip value each from the generated

parameter value.

89. The computer program product of claim 88, further ' comprising
comparing the angle of attack value from the third probe to the angle of attack value
from the one of the at least two probes located on the opposite side of the aircraft, and
comparing the angle of sideslip value from the third probe to the angle of sideslip
value from the one of the at least two probes located on the opposite side of the
aircraft to determine if ény of the first two probes and/or the third probe is

contaminated.
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