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Description

[0001] The present invention relates to a rotor for an
aircraft capable of hovering, in particular a convertiplane
or a helicopter, or a helicopter having a configuration de-
rived from a traditional helicopter.

[0002] The present invention also relates to a method
for detecting the attitude of a blade with respect to a hub
of such a rotor.

[0003] Known helicopters essentially comprise a fuse-
lage, a main rotor positioned on the top of the fuselage
and a tail rotor located at the rear end of the fuselage.
[0004] In greater detail, the rotor in turn comprises a
hub rotatable about a first axis and equipped with a plu-
rality of blades hinged to the aforesaid hub, and a mast
connected to a drive member and operatively connected
to the hub to drive it in rotation about the first axis.
[0005] There are several known types of rotor, each of
which provides for a different embodiment of the hinging
of the blades to the hub via a rigid or elastically deform-
able connection.

[0006] Depending on the type of rotor, each blade has
one or more degrees of rotational freedom with respect
to the hub. These degrees of freedom may correspond
torigid rotations or be implemented, according to the type
of hub, through elastic deformation of the blade with re-
spect to the hub.

[0007] More specifically, the three degrees of rotation-
al freedom of the blade correspond to:

- rotation with respect to the hub and about a second,
flapping axis transversal to the rotation axis of the
hub; and/or

- rotation with respect to the hub and about a third axis
coincident with the extension direction of the blade
and therefore substantially radial to the second axis,
so as to alter the pitch angle; and/or

- rotation with respect to the hub and about a fourth,
drag (or lead-lag) axis parallel to and offset with re-
spect to the rotation axis and substantially orthogo-
nal to the first flapping axis.

[0008] In this way, it possible to identify the angular
orientation of each section of the blade in space with
respecttothe hub through three angles commonly known
as the flapping, pitch and lead-lag angles. These angles
are defined between a direction integral with the section
of the blade and the second, third and fourth axes, re-
spectively.

[0009] In the fully articulated rotor, all three of the
above-mentioned degrees of rotational freedom corre-
spond torespective rigid rotations about the second, third
and fourth axes.

[0010] Otherwise, inthe teetering or seesaw rotor, only
the degrees of rotational freedom related to rotations
about the second axis and the third axis correspond to
rigid rotations.

[0011] In this type of rotor, each section of the blade
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has:

- two degrees of rotational freedom associated with
the two angles of rigid rotation about the second and
the third axis, respectively; and

- onedegreeofrrotational freedom associated with the
elastic rotation of the blade itself.

[0012] It is important to underline that each blade is
hinged to the hub via one or more mechanical hinges
that provide the above-mentioned degrees of rotational
freedom or, in the case of hingeless rotors, via elasto-
meric bearings.

[0013] Alternatively, in the case of so-called bearing-
less rotors, the hub and the blades are made of an elas-
tically deformable material, the flexibility of which enables
providing the aforesaid degrees of freedom.

[0014] Due to the dynamic forces acting on the blade,
for example the action of centrifugal force, the blade or
elastomeric bearing that might be present deform elas-
tically. It follows that the transverse sections of each
blade can elastically move in space with respect to the
hub and parallel to the aforesaid first, second and third
axes.

[0015] During operation of the rotor, each section of
the blade is thus subjected to elastic displacements with
respect to the hub and parallel to the above-mentioned
first, second and third axes.

[0016] Summarizing, each transverse section of each
blade has, depending on the type of rotor:

- up to three degrees of rotational freedom provided
via rigid or elastically deformed rotation about one
or more of the second, third and fourth axes; and

- uptothreedegrees oftranslational freedom provided
viatherespective elasticdeformations parallelto one
or more of the second, third and fourth axes.

[0017] The set of these degrees of freedom defines
the spatial attitude of each section of the blade with re-
spect to the hub.

[0018] Within the industry there is awareness of the
need to determine, in real time, the attitude of certain
blade sections of particular interest with respect to the
hub, i.e. the value of the rotation angles related to the
degrees of rotational freedom and the elastic deforma-
tions related to the degrees of translational freedom of
the blade with regard to the hub.

[0019] US 2014/0061369 describes a magnetic sys-
tem for determining the position of helicopter blades.
[0020] More precisely, the system for determining the
position of the blades comprises a plurality of magnets
carried by the hub and Hall Effect magnetic sensors car-
ried by the rotor blades.

[0021] US 4,583,862 describes a system for determin-
ing the attitude of helicopter blades, comprising: a light
beam source arranged on an end of each blade and a
pair of sensors arranged on the hub. In turn, each sensor
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comprises an opaque screen provided with a grating and
a plurality of detectors placed on the other side of the
screenwithrespecttothe lightsource. The determination
system detects the lead-lag and flapping angles of the
blades, based on the position of the light beam identified
by the detectors.

[0022] US 4,465,367 describes a system for measur-
ing the displacement of the free extremities of helicopter
blades with respect to the rotational plane of the blades.
The measurement system comprises a stroboscopic
lamp, a reflective tape placed at the extremity of each
blade and a control unit for the stroboscopic lamp. The
passage of the reflective tapes through the light beam
emitted by the stroboscopic lamp permits visualization
of the positions of the blades exiremities.

[0023] EP-A-2778049 describes a system for measur-
ing the flapping angle of a rotor blade. The system com-
prises an RVDT type of angular displacementtransducer.
[0024] US-A-2013/0243597 describes a system for
measuring the angular position of the blades of a heli-
copter with respect to the second flapping axis or to the
fourth drag axis. The measurement system comprises a
plurality of elastically flexibly rods interposed between
the hub and the roots of the blades, and a plurality of
strain gauges associated with the corresponding rods.
Each strain gauge is configured to detect the orientation
of the associated blade with respect to the second flap-
ping axis and the fourth drag axis, upon flexure of the
corresponding rod.

[0025] Within the industry, there is awareness of the
need to determine the displacements and the rotations
of the blades of a helicopter rotor with as small a number
of components as possible, in order to facilitate adapta-
tion to different types of rotor and require the least inva-
sive modifications to the design of the blades.

[0026] The object of the present invention is to manu-
facture a rotor for aircraft capable of hovering that ena-
bles meeting the aforesaid requirement in a simple and
inexpensive manner.

[0027] EP-A-3025958 discloses a rotor for hover-ca-
pable aircraft according to the preamble of claims 1 and
11.

[0028] EP-A-112031 discloses a position detector
comprising means defining an elongated field of view,
and atarget fixed to a rotor blade whose position is to be
detected and carrying a reference mark, and a sensor to
scan the field of view. The target is capable of being in
any range of pasitions along the filed of view.

[0029] The above-mentioned objectis achieved by the
presentinvention, insofarasitrelates to arotor for hover-
capable aircraft according to claim 1.

[0030] The present invention also relates to a method
of detecting the attitude of at least one blade with respect
to a hub of a rotor for a hover-capable aircraft, according
to claim 11.

[0031] Forabetter understanding of the presentinven-
tion, a preferred embodiment is described below, purely
by way of a non-limitative example and with reference to

15

20

25

30

35

40

45

50

55

the accompanying drawings, in which:

- Figure 1 is a side view of a helicopter with a rotor for
an aircraft capable of hovering that is made accord-
ing to the principles of the present invention;

- Figure 2 is a partial sectional side view of the rotor
in Figure 1, with parts removed for clarity;

- Figure 3 is a highly enlarged perspective view of the
rotor in Figure 2;

- Figure 4 is a top view of the rotor in Figure 3, with
parts removed for clarity;

- Figure 5 is a view from below of the rotor in Figures
3 and 4, with parts removed for clarity;

- Figures 6 and 7 are highly enlarged front views of
some components of the rotor in Figures 3 to 5;

- Figure 8isa highlyenlarged view from below of some
details of the rotor in Figures 2 to 7; and

- Figure 9 is a diagram that illustrates the degrees of
rotational freedom of each blade of the rotor in Fig-
ures 2 to 8.

[0032] Referring to Figure 1, reference numeral 1 in-
dicates an aircraft capable of hovering, in particular a
helicopter, basically comprising afuselage 2,a mainrotor
3 positioned on the top of the fuselage 2 and rotatable
about an axis A, and a tail rotor 4 located at one end of
the fuselage 2 and rotatable about an axis transversal to
axis A.

[0033] In greater detail, the main rotor 3 comprises a
hub 5, centred on axis A and carrying a plurality of can-
tilever-mounted blades 9, which extend radially to axis A.
[0034] The main rotor 3 further comprises a mast 6
rotatable about axis A, angularly integral with the hub 5
and coupled, in a manner not shown, with a drive mem-
ber, for example a turbine, carried by the helicopter 1. In
particular, the mast 6 is hollow.

[0035] More precisely (Figure 2), the mast 6 is partly
housed inside the hub 5 and is angularly integral with the
hub 5 through connection means of known type.

[0036] Itis important to point out that there are various
known types of rotor, each of which has a different em-
bodiment for the hinging of the blades 9 to the hub 5.
[0037] According to the type of rotor, each transverse
section of each blade 9 has one or more degrees of ro-
tational freedom with respect to the hub 5.

[0038] Thesedegrees of rotational freedom are shown
by way of non-limitative example in Figure 9 and corre-
spond to:

- apitch angle «, which is associated with a rotation
about axis B, which enables altering the pitch angle
of the blade 9;

- alead-lagangle B, which is associated with arotation
about an axis C parallel to and offset with respect to
axis A, which enables a lead-lag movement of the
blade 9; and

- aflapping angley, whichis associated with a rotation
aboutanaxis D transversalto axes A, B and C, which
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enables a flapping movement of the blade 9.

[0039] Dependingon thetype of rotor 3 and the hinging
ofthe blades 9to the hub 5, the above-mentioned angles
o, B and y correspond to rotations that are rigid or ob-
tained through elastic deformation of the blades 9.
[0040] In the embodiment shown, the rotor 3 is of the
fully articulated type, i.e. the angles «, 3 and y correspond
to rigid rotations about the respective axes B, C and D.
[0041] In the embodiment shown, the blades 9 are
hinged to the hub 5 via elastomeric bearings 24 (only one
of which is shown in Figure 3).

[0042] As a consequence, the sections transversal to
axis B of each blade 9 are also subjected to elastic dis-
placements along axes B, C and D, following the forces
acting on each blade 9 during operation of the rotor 3, in
particular the centrifugal force.

[0043] Tosummarize,itis possible to associate sixde-
grees of freedom with each transverse section of each
blade 9, of which three are rotational and correspond to
the values of angles a, f and y and three are translational
and correspond to the displacements along axes A, B
and C.

[0044] Inthisdescription, the term attitude of the trans-
verse sections of the blade 9 shall hereinafter mean the
value of the aforesaid degrees of freedom of a section
of the blade 9.

[0045] The rotor 3 also comprises a flow conveyor 10
designed to guide the aerodynamic flow on the rotor 3
and so reduce aerodynamic resistance and reduce the
effect of main rotor wash on the tail rotor.

[0046] In greater detail, the flow conveyor 10 is annu-
lar, extends around axis A and is located on the opposite
side of the hub 5 with respect to the fuselage 2.

[0047] Theflow conveyor 10 has a "hat-like" shape and
is delimited by a two surfaces 11 and 12 axially facing
each other; more specifically, surface 11 axially delimits
the flow conveyor 10 on the opposite side to the hub 5
while surface 12 axially delimits the flow conveyor 10 on
the side closest the hub 5.

[0048] Surface 11iscontinuous and extends, proceed-
ing in a radial direction starting from axis A, at an axially
decreasing distance from the hub 5.

[0049] Surface 12 hasanannular shape thatis centred
on axis A.
[0050] Surfaces 11 and 12 are joined along a circular

edge 13, this also centred on axis A.

[0051] Surfaces 11 and 12 are shaped in such a way
that their axial distance decreases when proceeding in
a radial direction starting from axis A.

[0052] As visible in the accompanying drawings, each
blade 9 extends mainly along an axis B substantially ra-
dial with respect to axis A and comprises a main body
16 (only partially visible in the accompanying drawings)
designed to define the support/manoeuvring surfaces of
the helicopter.

[0053] The rotor 3 comprises a plurality of connection
elements 17 fastened to the hub 5 and to which the main
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bodies 16 of the respective blades 9 are hinged.

[0054] In turn, the main body 16 comprises two ends
20 and 21, opposite to each other along axis B and re-
spectively located in radially inner and outer positions
with respect to axis A.

[0055] In particular, the connection element 17 of each
blade 9 is substantially C-shaped and is formed by a pair
of parallelarms 18, between which the radially innermost
end of the main body 16 of the blade 3 is fastened, and
a connection portion 19 of the arms 18 designed to en-
gage a respective seat 22 (Figure 2) defined by a plate
23 of the hub 5 lying on a plane orthogonal to axis A.
[0056] More precisely, the connection portion 19 of the
connection element 17 of each blade 9 engages a re-
spective seat 22 of the hub 5 and enables articulation of
the blade 9 with respect to the hub 5.

[0057] The helicopter 1 also comprises a sensor unit
25 configured to detect the attitude of the blades 9 with
respect to the hub 5.

[0058] The sensor unit 25 is advantageously config-
ured to acquire an optical image of the attitude of each
blade 9 with respect to the hub 5.

[0059] More specifically, the sensor unit 25 comprises
one or more cameras 26 (Figures 4, 5 and 6).

[0060] The sensorunit25 also comprises a control unit
28 (only schematically shown in Figure 2), which is pro-
grammed to process the images acquired by the camera
26 and determine the attitude of the blades 9.

[0061] Inapreferred embodimentofthe presentinven-
tion, the sensor unit 25 comprises a single camera 26 to
produce the optical image of each blade 9.

[0062] Alternatively, the sensor unit 25 comprises two
stereoscopic cameras 26 to produce the optical image
of each blade 9.

[0063] More precisely, the cameras 26 are mounted
on surface 12 of the flow conveyor 10 and face towards
the respective blades 9.

[0064] Preferably,the cameras 26 areaimed to acquire
the image of the attitude of the blades 9 at the connection
elements 17 of the respective blades 9.

[0065] Alternatively, the cameras 26 are aimed to ac-
quire the optical image of the attitude of the blades 9 at
ends 20 of the respective blades 9.

[0066] In particular, surface 12 comprises an illuminat-
ing device 27 to illuminate the areas of interest of the
blades 9 during the optical image acquisition step.
[0067] The illuminating device 27 is synchronized with
the acquisition of optical images by the cameras 26.
[0068] The helicopter 1 also comprises an autopilot 50
(only schematically shown in Figure 2), which generates
the control signals for the blades 9. These control sighals
adjust, for example, the pitch angles « of the blades 9,
according to flight conditions and the mission profile to
be performed.

[0069] In one particular embodiment, the autopilot 50
receives input from the control unit 28 comprising the
values of the angles «, p and y and the elastic displace-
ments along axes B, C and D of the blades 9 of the rotor
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3, and generates the control signals also on the basis of
these values.

[0070] In use, the drive mast 6 rotates about axis A,
rotationally driving the hub 5 and the blades 9.

[0071] The operation of the rotor 3 is described below,
where just one blade 9 is considered.

[0072] The blade 9, while being driven by the hub 5,
varies its attitude with respect to the hub 5.

[0073] In particular, the blade 9 rotates with respect to
the hub 5 and about axes B, Cand D by angles o, B and y.
[0074] At the same time, each transverse section of
the blade 9 is subjected to an elastic displacement, for
example under the action of centrifugal force, having
components parallel to axes B, C and D.

[0075] The sensor unit 25 determines the attitude of
the blade 9 during operation of the rotor 3.

[0076] More precisely, the illuminating devices 27 illu-
minate the areas of interest of the blades 9 and the cam-
eras 26 acquire the image of the blades 9 at the connec-
tion element 17 and/or end 20 of the blade 9.

[0077] This image is processed by the control unit 28,
which determines the attitude of the blade 9.

[0078] Referring to Figure 3, a rotor according to a dif-
ferent embodiment of the present invention is indicated
as a whole by reference numeral 3’. Rotor 3’ is similar to
rotor 3 and shall be described hereinafter only with regard
to the differences from the later; where possible, corre-
sponding or equivalent parts of rotors 3 and 3’ shall be
indicated with the same reference numerals.

[0079] In particular, rotor 3’ differs from rotor 3 in that
the cameras 26’ are carried on the plate 23 of the hub 5,
are housed in the space defined between the plate 23
and the connection elements 17 of the relevant blades
9, and are configured to acquire respective images of the
corresponding connection elements 17.

[0080] Inthe case shown, the cameras 26’ are micro-
cameras.

[0081] The operation of rotor 3’ is similar to the oper-
ation of rotor 3 and is therefore not described in detail.
[0082] From examination of the rotor 3, 3’ and the
method according to the present invention, the advan-
tages that can be achieved therewith are evident.
[0083] In particular, the sensor unit 25 is configured to
acquire images associated with the attitudes of the
blades 9 withrespectto the hub 5, i.e. the value of angles
o, B and y and the rigid or elastic displacements of the
sections of the blades 9.

[0084] It follows that the sensor unit 25 is able to detect
the value of the rotations and/or displacements corre-
sponding to all the degrees of rotational or translational
freedom of the blades 9.

[0085] This detection of all the degrees of freedom of
the blades 9 is performed with a small number of com-
ponents and so as not to require the application of addi-
tional structures or detectors on the blades 9 that could
affect the dynamic and fluid-dynamic behaviour.

[0086] In addition, the sensor unit 25 works in a con-
tactless manner and is therefore characterized by high
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reliability.

[0087] The sensor unit 25 can be easily applied to dif-
ferent types of rotors 3 and 3’, such as, for example fully-
articulated, semi-articulated or rigid rotors 3 and 3,
whether with physical hinges or hingeless.

[0088] Furthermore, the sensor unit25 is able to detect
the value of the elastic displacement of the sections of
the blades 9, along the respective extension axes B, with
respect to the hub 5. In the case where the blades 9 are
hinged to the hub 5 via elastomeric bearings 24 in the
hingeless solution, or via elastomeric elements in the
bearingless solution, these displacements are indicative
of the degree of wear and deterioration of the above-
mentioned elastomeric components. It follows that the
sensor unit 25 is able to provide a real-time indication of
the operational condition of these elastomeric bearings
24,

[0089] Finally, the attitude of the blades 9 detected by
the sensor unit 25 can be efficaciously used as inputdata
for the autopilot 50 of the helicopter 1. In this way, the
autopilot 50 processes signals associated with the rotor
3 or 3, which have a higher pass band than the signals
associated with the attitude of the fuselage 2 and com-
monly used as input data for the autopilot 50. In conse-
quence, the autopilot 50 has better speed and precision
characteristics than autopilots of known type normally
used in helicopters of known type.

[0090] Finally, it is also clear that modifications and
variants can be made regarding the previously described
rotor 3 or 3’ and method without departing from the scope
of the present invention.

[0091] Inparticular, the sensor unit 25 could be applied
to the tail rotor 4 instead of rotor 3 or 3.

[0092] Instead of being fully-articulated, rotor 3 could
be of the rigid, semi-articulated, see-saw, hingeless or
bearingless type, or in any case configured in such a way
that the above-mentioned degrees of freedom of the
blades 9 are achieved via rigid or elastically deformable
connections different from those of rotor 3 or 3.

[0093] The rotor 3 or 3’ could be applied to a conver-
tiplane or to configurations derived from a helicopter.

Claims

1. Avrotor (3, 3’) for a hover-capable aircraft (1), com-
prising:

- a drive mast (6);

- a hub (5) operatively connected to said drive
mast (6) and rotatable about a first axis (A); and
- at least two blades (9) hinged to said hub (5),
via a rigid or elastically deformable connection,
s0 as to be able to assume an attitude rotated
about and/or translated along at least a second
axis (B, C, D) with respect to said hub (5); said
rotor (3, 3’) further comprising sensor means
(25) configured to detect said attitude of at least
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one said blade (9) with respect to said hub (5);

said sensor means (25) being configured to acquire
an optical image associated with said attitude of at
least one section of said blade (9) with respect to
said hub (5);

characterized in that said sensor means (25) com-
prise a camera (26, 26');

said sensor means (25) comprising at least one said
camera (26, 26’) for each said blade (9).

A rotor according to claim 1, characterized in that
said sensor means (25), in use, are rotationally driv-
en about said first axis (A) directly or indirectly by
said hub (5).

A rotor according to claim 1 or 2, characterized in
that said sensor means (25) are configured to ac-
quire the attitude of each blade (9) at a root portion
(20) of each blade (9); said root portion (20) defining
an end of each blade adjacent to said hub (5).

A rotor according to claim 1 or 2, characterized in
that said sensor means (25) are configured to detect
the attitude of each blade (9) at a connection element
(17) of each blade (9) to said hub (5).

A rotor according to any of claims 2 to 4, character-
ized in that it comprises a flow conveyor (10) rotat-
able about said first axis (A) in an angularly integral
manner with said hub (5) ;

said flow conveyor (10) carrying said sensor means
(25).

A rotor according to claims 4 or 5, characterized in
that said sensor means (25) are carried by said hub
(5) and are configured to acquire an optical image
of said connection element (17).

A rotor according to any of the preceding claims,
characterized in that it comprises an illuminating
device (27)designed toilluminate, in use, each blade
(9), when said optical image is acquired, in use, by
said sensor means (25).

A rotor according to any of the preceding claims,
characterized in that each blade (9) is angularly
maovable with respect to said hub (5), so to be able
to rigidly rotate about said second axis (D) parallel
to and offset with respect to said first axis (A) or about
a third axis (C) transversal to said second axis (D)
and first axis (A);

and/or characterized in that said blade (9) is sup-
ported with respect to said hub (5) so as to be able
to elastically deform parallel to a fourth extension
axis (B) of the blade (9).

An aircraft (1) comprising a rotor (3, 3’) according to
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10.

1.

12.

13.

any of the preceding claims, and in that it is a heli-
copter or a convertiplane or has a configuration de-
rived therefrom.

An aircraft according to claim 9, characterized in
that it comprises an autopilot (50) configured to gen-
erate a plurality of control signals to alter the attitude
of said blades (9);

said autopilot (50) receiving as input, in use, the at-
titude of said blades (9) detected by said sensor
means (25).

A method for detecting the attitude of at least one
blade (9) with respect to a hub (5) of a rotor (3) for
a hover-capable aircraft (1);

said blade (9) being hinged to said hub (5) via a rigid
or elastically deformable connection, so asto be able
to assume an attitude rotated about and/ortranslated
along at least a second axis (B, C, D) with respect
to said hub (5);

said method comprising the step of:

i) detecting the attitude of at least cne section
of said blade with respect to the hub (5);

said step i) comprising the further stepii) of acquiring,
via sensor means (25), an optical image associated
with said attitude of at least said blade (9) with re-
spect to said hub (5) ;

characterized in that said sensor means (25) com-
prise a camera (26, 26’); said sensor means (25)
comprising at least one said camera (26, 26°) for
each said blade (9).

A method according to claim 11, characterized in
that said step i) comprises the further step iii) of ro-
tationally driving said sensor means (25) integral with
said hub (5) ; and/or characterized in that said step
i) comprise the step iv) of illuminating said blade (9)
during said step ii).

A method according to any of claims 11 or 12, char-
acterizedin thatitcomprises the step v) of supplying
said optical image as input data to an autopilot (50)
designed to generate control signals for an aircraft
(1) comprising said rotor (3).

Patentanspriiche

1.

Rotor (3, 3') fir ein schwebefahiges Flugzeug (1),
der Folgendes aufweist:

- einen Antriebsmast (6);

- ein Drehkreuz (5), das betriebswirksam mit
dem Antriebsmast(6) verbundenistundumeine
erste Achse (A) drehbar ist; und

- mindestens zwei Fligel (2), die an dem Dreh-
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kreuz (5) Uber eine starre oder elastisch ver-
formbare Verbindung derart angelenkt sind,
dass sie eine um mindestens eine zweite Achse
(B, C, D) gedrehte und/oder entlang dieser ver-
schobene Lage bezlglich des Drehkreuzes (5)
einnehmen k&énnen;

wobei der Rotor (3, 3') ferner Sensormittel (25) auf-
weist, die dazu ausgelegt sind, die Lage des min-
destens einen Fligels (9) beziiglich des Drehkreu-
zes (5) zu erfassen;

wobei die Sensormittel (25) dazu ausgelegt sind, ein
optisches Bild, das der Lage des mindestens einen
Flugels (9) beziglich des Drehkreuzes (5) zugeord-
net ist, zu erhalten;

dadurch gekennzeichnet, dass die Sensormittel
(25) eine Kamera (26, 26’) aufweisen;

wobei die Sensormittel (25) mindestens eine Kame-
ra (26, 26") fir jeden Flugel (9) aufweisen.

Rotor nach Anspruch 1, dadurch gekennzeichnet,
dass die Sensormittel (25) bei Betrieb direkt oder
indirekt von dem Drehkreuz (5) drehbar um die erste
Achse (A) angetrieben werden.

Rotor nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass die Sensormittel (25) dazu ausge-
legt sind, die Lage jedes Fligels (9) an einem
FuRabschnitt (20) jedes Fligels (9) zu erhalten;
wobei der Fulabschnitt (20) ein Ende eines jedes
Fligels neben dem Drehkreuz (5) bildet.

Rotor nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass die Sensormittel (25) dazu ausge-
legt sind, die Lage jedes Fligels (9) zu dem Dreh-
kreuz (5) an einem Verbindungselement (17) jedes
Flugels (9) zu erhalten.

Rotor nach einem der Anspriiche 2 bis 4, dadurch
gekennzeichnet, dass er einen Flussforderer (10)
aufweist, der auf integrale Weise mit dem Drehkreuz
(5) um eine erste Achse (A) drehbar ist;

wobei der Flussférderer (10) die Sensormittel (25)
tragt.

Rotor nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, dass die Sensormittel (25) von dem Dreh-
kreuz (5) getragen werden und dazu ausgelegt sind,
ein optisches Bild des Verbindungselements (17) zu
erhalten.

Rotor nach einem der vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass er eine Beleuch-
tungsvorrichtung (27) aufweist, die dazu ausgelegt
ist, bei Betrieb jeden Flligel (9) zu beleuchten, wenn
das optische Bild bei Betrieb von den Sensormitteln
(25) erhalten wird.
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Rotor nach einem der vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass jeder Fligel (9)
winkelig bezlglich des Drehkreuzes (5) derart be-
wegbar ist, dass sie starr um die zweite Achse (D)
parallel zu der ersten Achse (A) und versetzt zu die-
ser oder um eine dritte Achse (C) transversal zu der
zweiten Achse (D) und der ersten Achse (A) drehen
kénnen;

und/oder dadurch gekennzeichnet, dass der FIU-
gel (9) bezlglich des Drehkreuzes (5) derart gestitzt
ist, dass er in der Lage ist, sich parallel zu einer vier-
ten Erstreckungsachse (B) des Fliigels (9) elastisch
zu verformen.

Flugzeug (1), das einen Rotor (3, 3’) gemaR einem
der vorhergehenden Anspriiche aufweist, und bei
dem es sich um einen Helikopter oder ein Wandel-
flugzeug handelt, oder das eine davon abgeleitete
Konfiguration aufweist.

Flugzeug nach Anspruch 9, dadurch gekennzeich-
net, dass es einen Autopiloten (50) aufweist, der
dazu ausgelegt ist, eine Vielzahl an Steuersignalen
zu erzeugen, um die Lage der Fllgel (9) zu verén-
dern;

wobei der Autopilot (50) bei Beitrieb die Lage der
Flugel (9), die von den Sensormitteln (25) erfasst
wird, als Eingabe erhalt.

Verfahren zum Erfassen der Lage mindestens eines
Flugels (9) bezlglich eines Drehkreuzes (5) eines
Rotors (3) flr ein schwebeféahiges Flugzeug (1);
wobei der Fliigel (9) Uber eine starre oder elastisch
verformbare Verbindung derart an dem Drehkreuz
(5) angelenkt ist, dass er eine um mindestens eine
zweite Achse (B, C, D) gedrehte und/oder entlang
dieser verschobene Lage beziiglich des Drehkreu-
zes (5) einnehmen kann;

wobeidas Verfahrendiefolgenden Schritte aufweist:

i) Erfassen der Lage mindestens eines Ab-
schnitts des Fllgels beziiglich des Drehkreuzes

(5);

wobei Schritt i) ferner Schritt ii) des Erhaltens eines
optischen Bilds, das der Lage mindestens des FIU-
gels (9) beziiglich des Drehkreuzes (5) zugeordnet
ist, mittels der Sensormittel (25) aufweist;

dadurch gekennzeichnet, dass die Sensormittel
(25)eine Kamera (26, 26’) aufweisen; wobeidie Sen-
sormittel (25) mindestens eine Kamera (26, 26”) fUr
jeden Flugel (9) aufweisen.

Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass der Schritt i) den weiteren Schritt iii)
des drehbaren Antreibens der Sensormittel (25) auf
integrale Weise mit dem Drehkreuz (5) aufweist;

und/oder dadurch gekennzeichnet, dass der
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Schritt i) den Schritt iv) des Beleuchtens des Fliigels
(9) wahrend Schritt i) aufweist.

Verfahren nach einem der Anspriiche 11 oder 12,
dadurch gekennzeichnet, dass es Schritt v) des
Bereitstellens des optischen Bilds als Eingabedaten
an den Autopiloten (50), der dazu ausgelegt ist,
Steuersignale fir ein Flugzeug (1), das den Rotor
(3) aufweist, zu erstellen, aufweist.

Revendications

1.

Rotor (3, 3') pour un aéronef pouvant effectuer un
vol stationnaire (1), comprenant :

un arbre rotor d’entrainement (6) ;

un moyeu (5) raccordé, de maniére opération-
nelle, audit arbre rotor d’entrainement (6) et pou-
vant tourner autour d'un premier axe (A) ; et
au moins deux pales (9) articulées par rapport
audit moyeu (5), via un raccordement rigide ou
élastiquement déformable, afin de pouvoir
adopter une attitude entrainée en rotation
autour de et/ou translatée le long d’au moins un
deuxiéme axe (B, C, D) par rapport audit moyeu
(3);

ledit rotor (3, 3’) comprenant en outre des
moyens de capteur (25) configurés pour détec-
terladite attitude d’au moins I'une desdites pales
(9) par rapport audit moyeu (5) ;

lesdits moyens de capteur (25) étant configurés
pour acquérir une image optique associée a la-
dite attitude d’au moins une section de ladite
pale (9) par rapport audit moyeu (5) ;
caractérisé en ce que lesdits moyens de cap-
teur (25) comprennent une caméra (26, 26’) ;
lesdits moyens de capteur (25) comprennent au
moins I'une desdites caméras (26, 26’) pour cha-
cune desdites pales (9).

Rotor selon la revendication 1, caractérisé en ce
que lesdits moyens de capteur (25), a I'usage, sont
entrainés en rotation autour dudit premier axe (A)
directement ou indirectement par ledit moyeu (5).

Rotor selon la revendication 1 ou 2, caractérisé en
ce que lesdits moyens de capteur (25) sont confi-
gurés pour acquérir I'attitude de chaque pale (9) au
niveau d'une partie d’emplanture (20) de chaque pa-
le (9);

ladite partie d’emplanture (20) définissant une extré-
mité de chaque pale adjacente audit moyeu (5).

Rotor selon la revendication 1 ou 2, caractérisé en
ce que lesdits moyens de capteur (25) sont confi-
gurés pour détecter I'attitude de chaque pale (9) au
niveau d’un élément de raccordement (17) de cha-
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que pale (9) audit moyeu (5).

Rotor selon 'une quelconque des revendications 2
a4, caractérisé en ce qu’il comprend un convoyeur
de flux (10) pouvant tourner autour dudit premier axe
(A) d’'une maniére angulairement solidaire avec ledit
maoyeu (5) ;

ledit convoyeur de flux (10) transportant lesdits
maoyens de capteur (25).

Rotor selon les revendications 4 ou 5, caractérisé
en ce que lesdits moyens de capteur (25) sont con-
voyés par ledit moyeu (5) et sont configurés pour
acquérir une image optique dudit élément de raccor-
dement (17).

Rotor selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend un
dispositif d’éclairage (27) congu pour éclairer, a
'usage, chaque pale (9), lorsque ladite image opti-
que est acquise, a 'usage, par lesdits moyens de
capteur (25).

Rotor selon I'une quelconque des revendications
précédentes, caractérisé en ce que chaque pale
(9) est angulairement mobile par rapport audit
moyeu (5), afin de pouvoir tourner, rigidement,
autour dudit deuxieme axe (D) parallélement a et de
maniére décalée par rapport audit premier axe (A)
ou autour d’'un troisiéme axe (C) transversal par rap-
port audit deuxiéme axe (D) et au premier axe (A) ;
et/ou caractérisé en ce que ladite pale (9) est sup-
portée par rapport audit moyeu (5) afin de pouvoir
se déformer élastiquement, parallélement a un qua-
trieme axe d'extension (B) de la pale (9).

Aéronef (1) comprenant un rotor (3, 3’) selon I'une
guelconque des revendications précédentes et en
ce gu’il s’agit d’un hélicoptére ou d’un avion conver-
tible ou a une configuration dérivée de ce dernier.

Aéronef selon la revendication 9, caractérisé en ce
gu’il comprend un pilote automatique (50) configuré
pour générer une pluralité de signaux de commande
afin de modifier I'attitude desdites pales (9) ;

ledit pilote automatique (50) recevant, entantqu'en-
trée, a l'usage, I'attitude desdites pales (9) détectée
par lesdits moyens de capteur (25).

Procédé pour détecter I'attitude d’au moins une pale
(9) par rapport a un moyeu (5) d’un rotor (3) pour un
aéronef pouvant effectuer un vol stationnaire (1) ;
ladite pale (9) étant articulée par rapport audit moyeu
(5) via un raccordement rigide ou élastiquement dé-
formable, afin de pouvoir adopter une attitude en-
tralnée en rotation autour de et/ou translatée le long
d’au moins un deuxiéme axe (B, C, D) par rapport
audit moyeu (5) ;
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ledit procédé comprenant I'étape suivante :

i) détecter I'attitude d’au moins une section de
ladite pale par rapport audit moyeu (5) ;

ladite étape i) comprenant I'étape ii) supplémentaire
suivante : acquérir, via des moyens de capteur (25),
une image optique associée avec ladite attitude d’au
mains ladite pale (9) par rapport audit moyeu (5) ;
caractérisé en ce que lesdits moyens de capteur
(25) comprennent une caméra (26, 26°) ; lesdits
maoyens de capteur (25) comprenant au moins une
desdites caméras (26, 26’) pour chacune desdites
pales (9).

Procédé selon la revendication 11, caractérisé en
ce que ladite étape i) comprend I'étape iii) supplé-
mentaire suivante : entrainer, en rotation, lesdits
maoyens de capteur (25) solidaires avec ledit moyeu
(5) ; et/ou caractérisé en ce que ladite étape i) com-
prend I'étape iv) suivante : éclairer ladite pale (9)
pendant ladite étape ii).

Procédé selon I'une quelconque des revendications
11 0u 12, caractérisé en ce qu’il comprend I'étape
v) suivante : fournir ladite image optique en tant que
donnéesd’entrée a un pilote automatique (50) congu
pour générer des signaux de commande pour un
aéronef (1) comprenant ledit rotor (3).
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