10

15

20

25

30

35

METHOD AND DEVICE FOR MEASURING THE ANGLE OF ATTACK AND THE SIDESLIP
OF AN AIRCRAFT

The present invention relates to a method and to a device for measuring the angle of attack
of an aircraft, said method and said device being able, more generally, to measure the air
data information of said aircraft, and being insensitive to the Mach number, the temperature,
and drift and skew errors.

In order to measure the angle of attack of an aircraft, a probe which is provided, at the front
end thereof, with a central directional sensor which is arranged at the intersection of the
horizontal and vertical midplanes of said probe, and with at least two eccentric directional
sensors which are in parallel with said central directional sensor and are arranged at an
equal distance therefrom on either side of said horizontal midplane of said probe, is already
known, for example from US 3.329.016. A probe of this kind is pivotally connected to the
aircraft, the three sensors of said probe pointing forwards. Thus, in the event of a non-zero
angle of attack, the relative wind is slanted with respect to the probe, such that the lateral
directional sensors detect different total pressures, and therefore different air speeds. It is
possible to determine the angle of attack of the aircraft from a pressure difference of this
kind, by means of calibration.

The object of the present invention is to make it possible for an angle of attack probe of this
kind to indicate the sideslip of the aircraft.

For this purpose, according to the invention, the method for measuring the angle of attack of
the longitudinal axis of an aircraft with respect to the relative wind, according to which
method a probe is used which is provided, at the front end thereof, with a central directional
sensor which is arranged at the intersection of the horizontal and vertical midplanes of said
probe, and with at least two eccentric midplane directional sensors which are in parallel with
said central directional sensor and are arranged at an equal distance therefrom on either
side of said horizontal midplane of said probe, according to which method:

- said probe is pivotally connected to said aircraft about a first pivot axis which is in
parallel with said horizontal midplane of said probe and is orthogonal to said longitudinal axis
of the aircraft;
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- said probe is rotated about said first pivot axis in order make said probe assume the
particular inclined position in which the measurements provided by said eccentric midplane
directional sensors are equal; and

- the particular angle of inclination which is produced, in this particular inclined
position, between said horizontal midplane of the probe and the longitudinal axis of the
aircraft is measured,

is characterised in that said probe is provided, at the front end thereof and in addition to said
central directional sensor and said eccentric midplane directional sensors, with at least two
lateral directional sensors which are in parallel with said central directional sensor and are
arranged at an equal distance therefrom on either side of said vertical midplane of said
probe, and in that, in addition, in order to measure the sideslip of the aircraft:

- said probe is pivotally connected to said aircraft about a second pivot axis which is in
parallel with said longitudinal axis of the aircraft;

- said probe and said first pivot axis are rotated about said second pivot axis in order
make said probe assume the particular combined inclined position in which not only are the
measurements provided by said eccentric midplane directional sensors equal, but so too are
the measurements provided by said lateral directional sensors; and

- the particular value of the angle of rotation of said second pivot axis in said particular

combined inclined position of the probe is measured.

In this particular combined inclined position, it is clear that said probe is aligned with the
relative wind, taking account of the sideslip, said sideslip being measured by said particular
value of the angle of rotation of said second hinge pin.

Preferably, during the flight of said aircraft, said particular angle of inclination that is
produced between the horizontal midplane of the probe and the longitudinal axis of the
aircraft, and said particular value of the angle of rotation of said second pivot axis are

continuously determined.

The central directional sensor, said eccentric midplane directional sensors, and said lateral
directional sensors can be pressure sensors, which are particularly effective for subsonic
aerobic flights. Nonetheless, said sensors can be of any type sensitive to the wind direction,
such as force sensors or temperature sensors. For example, for supersonic or hypersonic

flights, it is advantageous for said sensors to be thermocouples.
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Preferably:

- in order to rotate said probe about said first pivot axis, an actuator provided with a
movable actuation member is used, and said particular angle of inclination is measured by
the corresponding position of said movable actuation member of the actuator; and

- in order to rotate said probe and said first pivot axis about said second pivot axis, an
actuator provided with a movable actuation member is used, and said value of the angle of
rotation of said second pivot axis is measured by the corresponding position of said movable

actuation member of said actuator.

The present invention further relates to a device for implementing the method described
above.

According to the invention, the device for measuring the angle of attack of the longitudinal
axis of an aircraft with respect to the relative wind, which comprises a probe provided, at the
front end thereof, with a central directional sensor which is arranged at the intersection of the
horizontal and vertical midplanes of said probe, and with at least two eccentric midplane
directional sensors which are in parallel with said central directional sensor and are arranged
at an equal distance therefrom on either side of said horizontal midplane of said probe, said
device comprising:

. first means for pivotally connecting said probe to said aircraft about a first pivot
axis which is in parallel with said horizontal midplane of said probe and
orthogonal to said longitudinal axis of the aircraft;

. first means for rotating said probe about said first pivot axis in order to make
said probe assume the particular inclined position in which the measurements
provided by said eccentric midplane directional sensors are equal; and

. first means for measuring the particular angle of inclination which is produced,
in this particular inclined position, between said horizontal midplane of the
probe and the longitudinal axis,

is characterised:

- in that said probe is provided, at the front end thereof, in addition to said central directional
sensor and said eccentric midplane directional sensors, with at least two lateral directional
sensors which are in parallel with said central directional sensor and are arranged at an
equal distance therefrom on either side of said vertical midplane of said probe; and

- in that said device further comprises
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. second means for pivotally connecting said probe to said aircraft about a
second pivot axis which is in parallel with said longitudinal axis of the aircraft;

. second means for rotating said probe and said first pivot axis about said
second pivot axis in order to make said probe assume the particular combined
inclined position in which not only are the measurements provided by said
eccentric midplane directional sensors equal, but so too are the measurements
provided by said lateral directional sensors; and

. second means for measuring the particular value of the angle of rotation of said
second pivot axis in said particular combined inclined position of the probe,
said angle of rotation representing the sideslip of said aircraft.

The present invention further relates to an aircraft comprising a device for measuring the

angle of attack and the sideslip as described above.

The figures of the accompanying drawings will give a better understanding of how the
invention can be carried out. In these drawings, identical reference signs designate similar

elements.

Fig. 1 is a schematic view of a known device for measuring the angle of attack of an aircraft.

Fig. 2 is an end view of the front end of the probe of the device from Fig. 1, on which the
horizontal H-H and vertical V-V midplanes of said probe have been drawn.

Fig. 3 is a schematic view of an embodiment of a device for implementing the present

invention.

Fig. 4 is an end view of the front end of the probe of the device from Fig. 3, on which the
horizontal H-H and vertical V-V midplanes of said probe have also been drawn.

The known device shown schematically in Fig. 1 and 2 comprises a probe 1 which is
provided, at the profiled front end 2 thereof, with a central directional sensor 3 which is
arranged at the intersection of the horizontal H-H and vertical V-V midplanes of said probe,
and with two eccentric midplane directional sensors 4 and 5 which are in parallel with said
central directional sensor 3, are arranged at an equal distance therefrom on either side of
the horizontal midplane H-H of said probe, and are sensitive to the wind direction.
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Said probe 1 is pivotally connected, by the rear end thereof, to an aircraft (shown only by
means of the longitudinal axis L-L thereof and by a portion of fuselage 6) by means of a
hinge device 7, the pivot axis 8 of which is in parallel with the horizontal midplane H-H of the
probe 1 and orthogonal to the longitudinal axis L-L of the aircraft.

An actuator 9, for example an actuating cylinder, which is provided with a movable actuation
member 9A, for example a piston, can rotate the probe 1 in both directions about the pivot
axis 8, as shown by the double-headed arrow f. The actuator 9 is controlled by a control unit
10 which receives the measurements made by the eccentric midplane directional sensors 4
and 5 and makes the actuator 9 control the inclination of the probe 1 about the pivot axis 8 in
such a way that said measurements from the eccentric midplane directional sensors 4 and 5
are equal. In this position, the probe 1 is aligned with the relative wind, such that the angle of
inclination a of said probe with respect to the longitudinal axis L-L of the aircraft represents
the angle of attack of the aircraft. The corresponding position of the movable actuation
member 9A of the actuator 9 is the practical and simple measurement of said angle of
inclination a, and therefore of the angle of attack. Moreover, for this inclined position of the
probe 1 measuring the angle of attack of the aircraft, the central directional sensor 3
provides a reliable measurement of the magnitude which it detects. If said central directional

sensor 3 is a Pitot tube, the reliable measurement which it provides is the total pressure.

During the flight of the aircraft, the actuator 9 and the control unit 10 preferably operate
continuously, such that, at each moment, the probe 1 measures, by means of the inclination
a thereof, the angle of attack of the aircraft.

In the embodiment of the device, in accordance with the present invention and shown
schematically in Fig. 3 and 4, the probe 1 is replaced by a probe 11 which is similar but
which is provided, at the front end 2 thereof, in addition to the central directional sensor 3
and the eccentric midplane directional sensors 4 and 5, with two lateral directional sensors
12 and 13 of the same type which are in parallel with said central directional sensor 3 and
are arranged at an equal distance therefrom on either side of the vertical midplane of the
probe 11.

The rear hinge device 7 of the probe 11 is connected for conjoint rotation to a rod 14 which
is rotatably mounted about a pivot axis X-X which is in parallel with the longitudinal axis L-L
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of the aircraft, which is shown in Fig. 3 by bearings 15 for the rod 14. Thus, in the device
from Fig. 3, the probe 11 can be rotated in a combined manner, both about the line 8 which
is orthogonal to the longitudinal axis L-L of the aircraft and about the line X-X which is in
parallel with said longitudinal axis L-L.

An actuator 16, for example an actuating cylinder, which is provided with a movable
actuation member 16A, for example a piston, can rotate the probe 11 and the pivot axis 8 in
both directions about the pivot axis X-X, as shown by the double-headed arrow R-R. The
actuators 9 and 16 are respectively controlled by a control unit 17 which receives the
measurements made by the eccentric midplane directional sensors 4 and 5 and the
measurements made by the lateral directional sensors 12 and 13. The control unit 17 makes
the actuators 9 and 16 control the inclination of the probe 11 about the pivot axes 8 and X-X
respectively in such a way that the measurements from the eccentric midplane directional
sensors 4 and 5 are equal and the measurements from the lateral directional sensors 12 and

13 are also equal.

Thus, in the event of sideslip of the aircraft, the probe 11 can be perfectly aligned with the
relative wind. In this combined position aligned with the relative wind, the value of the
inclination of the probe 11 about the axis 8 (indicated for example by the position of the
movable actuation member 9A) represents the angle of attack, while the value of the
inclination of the probe 11 about the line X-X (indicated for example by the position of the
movable actuation member 16A) represents the sideslip of the aircraft.

Of course, during the flight of the aircraft, it is possible to continuously determine the values
of the angle of attack and of the sideslip of the aircraft in the manner described above.



CLAIMS

1. Method for measuring an angle of attack of a longitudinal axis (L-L) of an aircraft with
respect to relative wind, in which method a probe (11) is used which is provided, at a front
end thereof, with a central directional sensor (3) which is arranged at an intersection of
horizontal (H-H) and vertical (V-V) midplanes of said probe, and with at least two eccentric
midplane directional sensors (4, 5) which are in parallel with said central directional sensor
(3) and are arranged at an equal distance therefrom on either side of said horizontal
midplane (H-H) of said probe, according to which method:

- said probe is pivotally connected to said aircraft about a first pivot axis (8) which is in
parallel with said horizontal midplane (H-H) of said probe and is orthogonal to said
longitudinal axis (L-L) of said aircraft;

- said probe (11) is rotated about said first pivot axis (8) in order make said probe
assume a particular inclined position in which measurements provided by said eccentric
midplane directional sensors (4, 5) are equal; and

- a particular angle of inclination (a) which is produced, in this particular inclined position,
between said horizontal midplane (H-H) of the probe and said longitudinal axis (L-L) of
said aircraft is measured,

characterised in that said probe (11) is provided, at said front end thereof and in addition to
said central directional sensor (3) and said eccentric midplane directional sensors (4, 5), with
at least two lateral directional sensors (12, 13) which are in parallel with said central
directional sensor (3) and are arranged at an equal distance therefrom on either side of said
vertical midplane (V-V) of said probe (11), and in that, in addition, in order to measure
sideslip of said aircraft:

- said probe (11) is pivotally connected to said aircraft about a second pivot axis (X-X)
which is in parallel with said longitudinal axis (L-L) of said aircraft;

- said probe (11) and said first pivot axis (8) are rotated about said second pivot axis (X-
X) in order make said probe (11) assume a particular combined inclined position in
which not only are the measurements provided by said eccentric midplane directional
sensors (4, 5) equal, but so too are measurements provided by said lateral directional
sensors (13, 14); and

- a particular value of an angle of rotation of said second pivot axis in said particular

combined inclined position of the probe (11) is measured.

2. Method according to claim 1,
characterised in that, during the flight of said aircraft, said particular angle of inclination

which is produced between said horizontal midplane (H-H) of said probe and said



longitudinal axis (L-L) of said aircraft, and said particular value of said angle of rotation of

said second pivot axis are continuously determined.

3. Method according to either claim 1 or claim 2,
characterised in that said central directional sensor (3), said eccentric midplane directional

sensors (4, 5), and said lateral directional sensors (12, 13) are of the same type.

4. Method according to claim 3,
characterised in that said central directional sensor (3), said eccentric midplane directional
sensors (4, 5), and said lateral directional sensors (12, 13) are pressure sensors.

5. Method according to claim 3,

characterised in that said central directional sensor (3), said eccentric midplane directional
sensors (4, 5), and said lateral directional sensors (12, 13) are temperature sensors, such as
thermocouples.

6. Method according to any of claims 1 to 5,
characterised:

- in that, in order to rotate said probe (11) about said first pivot axis (8), an actuator (9)
provided with a movable actuation member (9A) is used, and said particular angle of
inclination (a) is measured by a corresponding position of said movable actuation
member (9A) of said actuator (9); and

- in that, in order to rotate said probe (11) and said first pivot axis (8) about said second
pivot axis (X-X), an actuator (16) provided with a movable actuation member (16A) is
used, and said value of said angle of rotation of said second pivot axis (X-X) is
measured by a corresponding position of said movable actuation member (16A) of said
actuator (16).

7. Method according to claim 6,
characterized in that:

- said actuator (9), which rotates said probe (11) about said pivot axis (8), corresponds to
an actuating cylinder and said movable actuation member (9A) corresponds to a piston,
said particular angle of inclination (a) being measured by a corresponding position of
said piston,

- said actuator (16), which rotates said probe (11) and the first pivot axis (8) about the

second pivot axis (X-X), corresponds to an actuating cylinder and the movable actuation



member (16A) corresponds to a piston, said value of said angle of rotation of said

second pivot axis being measured by a corresponding position of said piston.

8. Device for measuring an angle of attack (a) of a longitudinal axis (L-L) of an aircraft with
respect to relative wind, comprising a probe (11) which is provided, at a front end (2) thereof,
with a central directional sensor (3) which is arranged at an intersection of horizontal (H-H)
and vertical (V-V) midplanes of said probe (11), and with at least two eccentric midplane
directional sensors (4, 5) which are in parallel with said central directional sensor (3) and are
arranged at an equal distance therefrom on either side of said horizontal midplane (H-H) of
said probe, said device comprising:

« first means (7) for pivotally connecting said probe (11) to said aircraft about a first pivot
axis (8) which is in parallel with said horizontal midplane (H-H) of said probe and
orthogonal to said longitudinal axis (L-L) of said aircraft;

« first means (9) for rotating said probe (11) about said first pivot axis (8) in order to make
said probe assume a particular inclined position in which measurements provided by
said eccentric midplane directional sensors (4, 5) are equal; and

« first means (9A) for measuring a particular angle of inclination which is produced, in this
particular inclined position, between said horizontal midplane (H-H) of said probe and
said longitudinal axis (L-L) of said aircraft,

characterised:

- in that said probe (11) is provided, at said front end thereof, in addition to said central
directional sensor (3) and said eccentric midplane directional sensors (4, 5), with at least two
lateral directional sensors (13, 14) which are in parallel with said central directional sensor
(3) and are arranged at an equal distance therefrom on either side of said vertical midplane
(V-V) of said probe; and

- in that said device further comprises:

» second means for pivotally connecting said probe (11) to said aircraft about a second
pivot axis (X-X) which is in parallel with said longitudinal axis (L-L) of said aircraft;

» second means (16) for rotating said probe (11) and said first pivot axis (8) about said
second pivot axis (X-X) in order to make said probe (11) assume a particular combined
inclined position in which not only are the measurements provided by said eccentric
midplane directional sensors (4, 5) equal, but so too are measurements provided by
said lateral directional sensors (13, 14); and

* second means (16A) for measuring a particular value of an angle of rotation of said
second pivot axis in said particular combined inclined position of the probe, said angle

of rotation representing sideslip of said aircraft.
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9. Device according to claim 8,

characterized in that:

- said first means (9) for rotating said probe (11) about said first pivot axis (8) correspond to
an actuating cylinder, said first means being provided with a movable actuation member
(9A) corresponding to a piston,

- said second means (16) for rotating said probe (11) and said first pivot axis (8) about said
second pivot axis (X-X) correspond to an actuating cylinder, said second means being
provided with a movable actuation member (16A) corresponding to a piston.

10. Aircratft,
characterised in that it comprises a device for measuring said angle of attack and said
sideslip as specified in claim 8 or 9.



