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(57)  Arotor (3, 3') for an aircraft (1) is described that
has a mast (50), an attenuating device (7, 7’) to attenuate
the transmission of vibrations from the mast (50) in a
plane orthogonal to the first axis (A), and a transmission
device (15) interposed between the mast (50) and the
attenuating device (7, 7°); the attenuating device (7; 7°)
comprises a first and a second mass unit (8, 9) with a
first and a second mass (10, 11) rotatable about the first
axis (A) with a first and a second rotational speed
((N-1)"Q; (N+1)*QQ), two control units (40) operable to
cause an additional rotation of at least one of the first and
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second masses (10, 11), and a first and a second support
assembly (41, 42) carrying the first and second masses
(10, 11); each control unit (40) controls the angle between
the first and second masses (10, 11) and comprises a
set of drive gear teeth (55, 55’°) integral with the first sup-
port assembly (41, 42), a cogwheel (56) with a set of
control gear teeth (57) meshing with the drive gear teeth
(55, 55’), and an actuator (58) to cause the rotation of
the cogwheel (56) about a second axis (F) and of the first
mass (10, 11) about said first axis (A) .
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Description

[0001] The present invention relates to a rotor for a
hover-capable aircraft, in particular to a rotor for a heli-
copter.

[0002] Helicopters are known to basically comprise a
fuselage, a main rotor positioned on the top of the fuse-
lage and rotatable about an axis of its own, and a tail
rotor located at the end of the fuselage.

[0003] Ingreaterdetail, the rotor, inturn, basically com-
prises a hub rotatable about the aforementioned axis and
equipped with a plurality of blades radially fastened to
and projecting from the aforesaid hub, and a mast that
is connectable to a drive member and operatively con-
nected to the hub to drive it in rotation.

[0004] Inuse,operationoftherotorcausesthe creation
of high and low frequency vibrations. More specifically,
low-frequency vibrations are generated by the wash sep-
arating from the blades and from the centre of the hub.
This separation takes place at the centre of the hub and
affects all the vertical and horizontal aerodynamic sur-
faces of the tail and the tail rotor.

[0005] In use, rotation of the blades at high angular
speeds causes the generation of further high-frequency
vibrations, which are transmitted to the mast and, in con-
sequence, to the fuselage, deteriorating comfort for the
occupants inside the fuselage.

[0006] More specifically, the vibratory loads act on both
the hub and the mast, both axially and orthogonally to
the mast’s rotation axis.

[0007] Within the industry, it is known that in the rotat-
ing reference system, and thus integral with the rotor,
hub and mast, the vibratory loads acting in the plane of
the rotor have angular frequencies equal to (N+1)*Q2, (N-
1)*Q and multiples thereof, where Q is the rotation speed
of the mast and N represents the number of blades of
the rotor. Itis also known that in passing from the rotating
system to the fixed system of the fuselage, the vibratory
loads acting in the plane of the rotor undergo a shift in
frequency and have instead an angular frequency equal
to N*Q and associated multiples thereof on the fixed sys-
tem.

[0008] From the foregoing, there is a clearly felt need
within the industry for limiting transmission from the mast
to the fuselage of vibrations having the aforementioned
angular frequency equal to the product of the mast’s ro-
tation speed and the rotor's number of blades.

[0009] For this purpose, there are known passive at-
tenuating devices and active attenuating devices.
[0010] Passive attenuating devices basically comprise
masses elastically suspended from the mast or the hub.
The vibration of these suspended masses enables to at
least partially dissipate the vibrations on the mast and
the hub.

[0011] Althoughthey are simple to build and install and
do not require energy sources outside the rotor, passive
attenuating devices have maximum limits regarding the
performances they can offer.
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[0012] Active attenuating devices are fundamentally
actuators that exert an attenuating force on the hub or
on the mast, which counters the transmission of vibra-
tions to the fuselage.

[0013] An example of these active attenuating devices
is shown in Patent Application EP-A-3421358, in the
name of the applicant.

[0014] This patent application illustrates the use of an
attenuating device to attenuate the transmission of vibra-
tions, for example flexural ones, i.e. in a plane orthogonal
to the axis of the mast.

[0015] In greater detall, the attenuating device com-
prises:

- afirst and a second mass unit, each provided with
a pair of masses eccentrically rotatable around the
axis of the mast; and

- two control units, which are associated with respec-
tive mass units and are adapted to adjust the angle
defined by the associated masses.

[0016] The masses are coupled to the rotation of the
mast by a transmission device so that the masses of the
first mass unit rotate eccentrically around the mast with
a rotational speed with respect to the fixed system equal
to N*Q and in the same direction of rotation as the mast,
and the masses of the second mass unit rotate with a
rotational speed equal to N*Q with respect to the fixed
system and in the opposite direction of rotation to the
mast.

[0017] Inthisway, the masses generate respective ra-
dial centrifugal forces with respect to the axis of the mast.
[0018] Referring to the first mass unit, the components
of the centrifugal forces in the plane orthogonal to the
axis of the mast vary sinusoidally with an angular fre-
guency equal to (N-1)*Q with respect to the rotor.
[0019] Conversely, referring to the second mass unit,
the components of the second centrifugal forces in the
aforementioned plane vary sinusoidally with an angular
frequency equal to (N+1)*Q with respect to the rotor.
[0020] The vector sum of the centrifugal forces gener-
ated by the masses of the first mass unit correspond to
a first resultant attenuating force.

[0021] The vector sum of the centrifugal forces gener-
ated by the masses of the second mass unit correspond
to a second resultant attenuating force.

[0022] Each control unitis operable to selectively ad-
just the angle between the position(s) of the respective
masses of the respective first or second mass unit with
respect to fixed direction, so as to adjust the magnitude
and phase with respect to a fixed direction of the respec-
tive first and second resultant attenuating forces.
[0023] Foreach mass of the associated first or second
mass units, each control unit also comprises:

- an electric motor;
- aworm screw operatively coupled to the respective
electric motor and rotatable about a respective axis;
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and
- acogwheel coupled to the worm screw and opera-
tively connected to the respective mass.

[0024] The operation of each electric motor causes,
through the coupling between the associated worm
screw and cogwheel, additional rotation of the masses
of the first and second mass units with respect to the
transmission device.

[0025] Inthisway, itis possible to adjust the magnitude
and phase with respect to a fixed direction of the first and
second resultants.

[0026] Due tothe high reduction ratio existing between
the worm screw and the associated cogwheel, the cou-
pling between the worm screw and associated cogwheel
require the electric motor to rapidly produce high torque
values.

[0027] Furthermore,dueto theirreversibility of the cou-
pling between worm screw and associated cogwheel, the
attenuating devices of a known type are able to cause
additional rotation of the masses in only one direction.
[0028] In consequence, the attenuating devices of a
known type are susceptible toimprovements with regard
to flexibility and responsiveness in the generation of the
first and second resultant attenuating forces, especially
when the magnitude and direction of the vibrations to be
attenuated change quickly.

[0029] In the event of the failure of the electric motor,
the irreversibility of the coupling between worm screw
and cogwheel also causes the locking of the attenuating
device.

[0030] Furthermore, the attenuating device described
in the above-mentioned patent application EP-A-
3421358 has significant axial bulk.

[0031] Therefore, there is awareness in the industry of
the need to make the attenuation of vibrations transmitted
to the fuselage as precise and rapid as possible.
[0032] There is also awareness in the industry of the
need to attenuate vibrations in the plane of the rotor, pre-
serving the effectiveness of the aforementioned active
attenuating devices and reducing, as far as possible, the
weight, bulk and overall costs.

[0033] Finally, there is awareness in the industry of the
need to limit as far as possible the stresses acting on the
transmission device in the plane orthogonal to the mast’s
rotation axis, in particular on the shafts, gears and bear-
ings of the transmission device.

[0034] GB 1120193, us 2014/360840,
W02015031768 and W02015031768 describe attenu-
ating devices of known type using the action of centrifugal
forces of masses rotatable eccentrically with respect to
the mast’s rotation axis.

[0035] The objectofthe presentinventionis to produce
arotor for ahover-capable aircraft that enables satisfying
at least one of the above-specified needs in a simple and
inexpensive manner.

[0036] The aforesaid object is achieved by the present
invention, in so far as it relates to a rotor for a hover-
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capable aircraft as defined in claim 1.

[0037] Forabetterunderstanding of the presentinven-
tion, two preferred embodiments are described herein-
after, purely by way of a non-limitative example and with
reference to the accompanying drawings, in which:

- Figure 1 is a side view of a helicopter comprising a
rotor according to the present invention, with parts
removed for the sake of clarity;

- Figure 2 shows, in section along line 11-1| of Figure
1, afirst embodiment of an attenuating device incor-
porated in the rotor of Figure 1, with parts removed
for the sake of clarity;

- Figure 3 shows, in a partially sectioned view, some
details of the attenuating device of Figure 2, with
parts removed for the sake of clarity;

- Figure 4 shows, in a partially sectioned view, some
details of a second embodiment of the attenuating
device of Figure 2, with parts removed for the sake
of clarity;

- Figure 5 shows, in a partially sectioned view, some
details of the attenuating device of Figure 4, with
parts removed for the sake of clarity; and

- Figure 6 shows a schematic view of some compo-
nents of the attenuating device of Figures 2 to 5.

[0038] Referring to Figure 1, reference numeral 1 in-
dicates a hover-capable aircraft, in particular a helicopter.
[0039] The helicopter 1, in turn, comprises:

- afuselage 2;

- amain rotor 3 positioned on the top of the fuselage
2 and rotatable about an axis A; and

- atail rotor (not shown and in itself known) arranged
at one end of the fuselage 2 and rotatable about its
own axis, transversal to axis A.

[0040] In greater detail, the rotor 3 comprises a hollow
hub 4, with axis A, carrying in a cantilever fashion a plu-
rality of blades 5, which extend radially to axis A.
[0041] The rotor 3 also comprises a mast 50 (Figure
2) rotatable about axis A with angular speed Q with re-
spect to a reference system integral with the fuselage 2.
The mast 50 is coupled in an angularly integral manner
to the hub 4 and is connected, in a manner not shown,
to a drive unit, for example a turbine, of the helicopter 1.
In particular, the hub 4 is driven in rotation about axis A
by the mast 50.

[0042] Inthe case shown, the mast 50 is partly housed
inside the hub 4.

[0043] Preferably, the mast 50 is hollow.

[0044] With particular reference to Figure 1, the rotor
3 also comprises a flow conveyor 6 adapted to guide the
airflow generated by the rotation of the rotor 3 according
to a predetermined path shaped so as to limit the vibra-
tions generated by separation of the aforesaid flow from
the tips of the blades 5 arranged on the opposite end to
the hub 4.
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[0045] In particular, the flow conveyor 6 is annular, ex-
tends around axis A and is arranged on the opposite side
of the hub 4 with respect to the fuselage 2.

[0046] Preferably, the flow conveyor 6 has a "cap-like"
shape and is delimited by a pair of surfaces axially facing
each other.

[0047] Preferably, the walls of the flow conveyor 6 are
shaped so thattheir axial distance decreases proceeding
in a radial direction starting from axis A.

[0048] The rotor 3 further comprises a vibration-atten-
uating device 7 configured to attenuate the transmission
of vibrations to the mast, especially in a plane orthogonal
to axis A. In other words, the attenuating device 7 is con-
figured to attenuate the transmission of vibrations in the
plane of the rotor disc that are transmitted to the fuselage
2.

[0049] The attenuating device 7 comprises a mass unit
8 and a mass unit 9, which are rotatable about axis A
with a first and a second angular speed, respectively.
[0050] The mass units 8 and 9 are indirectly coupled
to the mast 50.

[0051] Each mass unit 8 and 9 comprises a respective
mass 10and arespective mass 11 arranged eccentrically
with respect to axis A and eccentrically rotatable about
axis A.

[0052] The masses 10, 11 of mass unit 8 are coupled
to the hub 4 and to the mast 50 so as to be rotatable
about axis A with respect to the mast 50 in the same
direction of rotation of the mast about axis A and with
angular speed equal to (N-1)*Q relative to the mast 50,
where N is the number of blades 5 and Q is the angular
rotation speed of the mast 50.

[0053] Inthe present description, the term angular fre-
guency means the frequency multiplied by 2n.

[0054] Ina similar manner, the masses 10, 11 of mass
unit 9 are coupled to the hub 4 and to the mast 50 so as
to be rotatable about axis A and with respect to the mast
50 in the opposite direction of rotation to the mast 50
about axis A and with angular speed equal to (N+1)"Q
relative to the mast 50.

[0055] Where not expressly indicated, hereinafter in
the present description it is understood that the angular
speeds (N-1)*Q and (N+1)*Q are to be considered in the
reference system integral with the mast 50.

[0056] As a result of their rotation about axis A, the
masses 10, 11 of each mass unit 8, 9 generate respective
centrifugal forces directed radially to axis A and lying on
a plane orthogonal to axis A.

[0057] Each of these centrifugal forces has respective
components in the aforementioned plane orthogonal to
axis A having a sinusoidal course with an angular fre-
guency corresponding to the angular speeds (N-1)*Q,
(N+1)*Q2 of the respective masses 10, 11 about axis A.
[0058] The vector sum of the centrifugal forces gener-
ated by the masses 10, 11 of mass unit 8 comrespond to
a first resultant attenuating force. The components of this
first resultant force in the plane orthogonal to axis A have
angular frequency (N-1)*Q.
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[0059] In this way, and considering the passage from
the rotary system of the rotor 3 to the fixed system of the
fuselage 2, the aforesaid components ofthe first resultant
attenuating force are sinusoidal with angular frequency
N*Q, with respect to the reference system integral with
the fuselage 2.

[0660] The vector sum of the centrifugal forces gener-
ated by the masses 10, 11 of mass unit 9 correspond to
a second resultant attenuating force. The components
of this second resultant force in the plane orthogonal to
axis A have angular frequency (N+1)*Q.

[0061] In this way, and considering the passage from
the rotary system of the rotor 3 to the fixed system of the
fuselage 2, the aforesaid components of the second re-
sultant attenuating force are sinusoidal with angular fre-
guency N*Q with respect to the reference systemintegral
with the fuselage 2.

[0062] In particular, these first and second resultant
attenuating forces have magnitudes dependent on the
weights of the respective masses 10, 11, on the angle
defined by the masses 10, 11, and on the respective ro-
tational speeds about axis A.

[0063] In fact, when, for example, the angle between
the masses 10, 11 is minimal, the first (second) resultant
attenuating force has maximum magnitude. Conversely,
when this angle is one hundred and eighty degrees, the
first (second) resultant attenuating force has zero mag-
nitude.

[0064] Inotherwords, by varying the relative angle be-
tween the masses 10, 11 of each mass unit 8 (9), it is
possible to adjust the magnitude of the first (second) re-
sultant force.

[0065] By integrally varying the position of the masses
10 and 11 of each mass unit 8 (9) with respect to the
fixed direction, it is instead possible to adjust the phase
angle defined between the first (second) resultant and a
fixed direction in the plane orthogonal to axis A.

[0066] Hereinafter in this description, the term "angle
between the masses 10 and 11" means the angular dis-
tance between segments radial to axis A and joining axis
A and the barycentres of the respective masses 10, 11.
[00667] In the case shown, the masses 10, 11 of each
mass unit 8 and 9 are equal to each other and are ar-
ranged at the same distance from axis A.

[0068] Inthe case shown, the masses 10 and 11 ofthe
mass unit 8 are equal to the masses 10 and 11 of the
unit 9.

[0069] In consequence, the centrifugal forces gener-
ated by the masses 10, 11 of mass units 8 (9) are equal
to one another in magnitude.

[0070] With particular reference to Figure 2, the rotor
3 also comprises a transmission unit 15 configured to
transfer rotation of the mast 50 about axis A to the atten-
uating device 7. In particular, the transmission unit 15 Is
functionally interposed between the mast 50 and the
mass units 8 and 9, and is configured to drive the respec-
tive masses 10 and 11 in eccentric rotation about axis A
with angular speeds (N-1)*Q2 and (N+1)*Q, respectively,
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with respect to the mast 50 and with respective directions
of rotation opposite to each other.

[0071] In particular, the transmission unit 15 is func-
tionally connected to the mast 50 and to the masses 10,
11 of mass units 8, 9.

[0072] Mass unit 8 is axially spaced from mass unit 9.
In particular, mass unit 8 is positioned above mass unit
9, or rather mass unit 9 is interposed between mass unit
8 and the transmission unit 15 and/or the hub 4.

[0073] Furthermore, the attenuating device 7 compris-
es a shell 12, in which the mass units 8 and 9 and a part
of the transmission unit 15 are housed.

[0074] Preferably, the shell 12 is interposed between
the hub 4 and the flow conveyor 6. In particular, the flow
conveyor 6 at least partially covers the shell 12.

[0075] In greater detail, the transmission unit 15 com-
prises (Figure 2) :

- an auxiliary shaft 16 angularly connected to mass
unit 8, in particular to the respective masses 10 and
11, and rotatable about axis A;

- an auxiliary shaft 17 angularly connected to mass
unit 9, in particular to the respective masses 10 and
11, and rotatable about axis A; and

- atransformation unit 18 functionally coupled to the
mast 50 and to the auxiliary shafts 16 and 17, and
configured to receive motion from the rotatable mast
50 with angular speed Q and transfer the motion to
the auxiliary shafts 16 and 17.

[0076] Inthis way, auxiliary shaft 16 and auxiliary shaft
17 respectively rotate about axis A with rotation speed
(N-1)*Q in the same direction as the direction of rotation
of the mast 50 and with rotation speed (N+1)*Q in the
opposite direction to the direction of rotation of the mast
50.

[0077] More specifically, the transformation unit 18
comprises a first epicyclic train functionally interposed
between the mast 50 and the auxiliary shaft 16, and a
second epicyclic train functionally interposed between
the mast 50 and auxiliary shaft 17.

[0078] Inparticular, the first and second epicyclic trains
are also operatively coupled to the mast 50.

[0079] In the case shown, the second epicyclic train
comprises, as will be described in greater detail further
on, portions of the first epicyclic train. In this way, it is
possible to obtain a transmission unit 15, in particular a
compact transformation unit 18.

[0080] Preferably, and with particular reference to Fig-
ure 2, the transformation unit 18 comprises:

- atubular casing 21 provided with gear teeth 22 ra-
dially internal with respect to axis A;

- asun gear 23, rotatable about axis A, having gear
teeth 24 radially external with respect to axis A and
angularly integral with auxiliary shaft 16; and

- a plurality of planet gears 25 (only one of which is
shown in Figure 2) rotatable about respective rota-

10

15

20

25

30

35

40

45

50

55

tion axes B and each having respective first gear
teeth 26 radially external with respect to the respec-
tive axis B.

[0081] In the case shown, the B-axes are parallel to
and offset from axis A.

[0082] In particular, each first gear teeth 26 mesh with
gear teeth 22 and with gear teeth 24.

[0083] Inparticular, the planet gears 25 are operatively
and indirectly coupled to the mast 50 to be driven in ro-
tation about axis A. Furthermore, the planet gears 25
rotate about respective axes B, due to the interaction
between the respective gear teeth 26 and gear teeth 22.
This rotation is then transferred to the auxiliary shaft 16
by the meshing between gear teeth 26 and gear teeth 24.
[0084] In particular, the first epicyclic train comprises
the casing 21, the sun gear 23 and the planet gears 25
and the inner gear teeth 22, gear teeth 24 and gear teeth
26.

[0085] Preferably, and with particular reference to Fig-
ure 2, the transformation unit 18 also comprises:

- a sun gear 28 rotatable about axis A having gear
teeth 29 radially external with respect to axis A and
angularly integral with the auxiliary shaft 17; and

- a plurality of planet gears 30 (only one of which is
shown in Figure 2) rotatable about respective axes
of rotation C (parallel to axis A), and each having
respective first gear teeth 31 and respective second
gear teeth 32 radially external with respect to the
respective axis C.

[0086] In particular, each planet gear 25 further com-
prises second gear teeth 33 radially external with respect
to the respective axis B.

[0087] In particular, each first set of gear teeth 31
meshes with at least one respective second set of gear
teeth 33, and each second set of gear teeth 32 meshes
with gear teeth 29. Due to this configuration, each planet
gear 30 is driven in rotation by the rotation of a respective
planet gear 25, which, in turn, is rotatable with respect
to the casing 21.

[0088] In the case shown, the C-axes are parallel to
and offset from axis A.

[0089] Inparticular, the second epicyclic train compris-
es the casing 21, at least a portion of planet gears 25,
planet gears 30 and sun gear 28, inner gear teeth 22 and
gear teeth 26, 31, 32 and 33.

[0090] The gear teeth 22, 24, 26, 31, 32 and 33 are
sized so as obtain a rotational speed of (N+1)*Q for aux-
iliary shaft 17 and a rotational speed of (N-1)*Q for aux-
iliary shaft 16.

[0091] The transmission unit 15, in particular the trans-
formation unit 18, further comprises a planet-gear carrier
to support the planet gears 25 and 30 in a rotatable man-
ner about the respective axes B and C. In particular, the
planet-gear carrier is rotatable about axis A and is angu-
larly integral with the mast 50. In particular, due to the
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connection of the planet-gear carrier to the mast 50, ro-
tation of the planet-gear carrier about axis A is obtained
when the mast 50 rotates about axis A.

[0092] Preferably, the planet-gear carrier comprises a
supportbase 34 orthogonaltoaxes A, B, C, and aplurality
of rotating shafts 35 parallel to the respective axes B and
C. The rotating shafts 35 are fixed to and project in a
cantilever fashion from the support base 34.

[0093] Preferably, the support base 34 is operatively
connected to the mast 50 so that, in use, it can be driven
in rotation about axis A.

[0094] Preferably, the casing 21 is fixed to the shell 12.
[0095] With particular reference to Figures 2 and 3, the
attenuating device 7 also comprises two control units 40,
one operatively connected to mass unit 8 and the other
to mass unit 9.

[0096] More specifically, each control unit 40 can be
operated to cause additional rotation about axis A of the
masses 10, 11 of the respective mass unit 8, 9 relative
to the corresponding auxiliary shaft 16, 17.

[0097] This rotation enables selective adjustment of
the angle between the masses 10, 11 of the respective
mass unit 8, 9 and the position of the masses 10, 11 with
respect to the fixed direction rotating integrally with the
respective auxiliary shafts 16, 17, simultaneously with
the rotation of the mass units 8, 9 about axis A with the
respective first and second angular speeds ((N-1)*Q and
(N+1)*Q).

[0098] In this way, each control unit 40 enables selec-
tive control of the magnitude and respective phase of the
respective first or second resultant attenuating force gen-
erated by the associatedmass unit 8, 9. Itis thus possible
to attenuate the vibrations originating from the blades 5
and transmitted from the mast 50 to the fuselage with the
first and second resultant attenuating force each having
the desired magnitude and direction.

[0099] Each mass unit 8 and 9 comprises a respective
support assembly 41 carrying the respective mass 10
and a respective support assembly 42 carrying the re-
spective mass 11 (Figures 2 and 3).

[0100] Ingreaterdetail, each support assembly 41 and
42 is coupled to the transmission unit 15 so as to be
driven in rotation about axis A with the respective first
and second angular speeds (N-1)*Q and (N+1)*Q.
[0101] In particular, each support assembly 41, 42 is
also selectively operable by the respective control unit
40 to additionally rotate with respect to the respective
auxiliary shafts 16, 17 and so selectively adjustthe angle
between the masses 10, 11 of the respective mass units
8, 9 and the position of the aforesaid masses 10, 11 with
respect to the fixed direction.

[0102] Each support assembly 41 and 42 further com-
prises (Figure 3):

- arespective annular support 44; and

- anarm 43 projecting in a cantilever fashion, radially
from axis A, and carrying a respective mass 10 and
11.
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[0103] In the case shown, each support assembly 41
and 42 extends coaxially to the respective auxiliary shaft
16 or 17, and therefore coaxially to axis A.

[0104] In particular, each annular support 44 is rotat-
able about the respective auxiliary shaft 16 or 17 and
coupled to the respective control unit 40 to enable ad-
justment of the relative angle between the respective
masses 10 and 11.

[0105] Each mass unit 8 and 9 also comprises a re-
spective base support 45 rotatable about axis A and op-
eratively connected to the transmission unit 15 to be driv-
en in rotation about axis A at the first and second rota-
tional speeds (N-1)*Q2, (N+1)*Q2, respectively. In particu-
lar, the base support 45 of the mass units 8 and 9 is
integral with and connected to the respective auxiliary
shaft 16 or 17.

[0106] Each supportassembly41and42is connected
in a rotatable manner to the respective support base 45.
[0107] In this way, the motion is transferred from the
respective auxiliary shaft 16 and 17 tothe respective sup-
port assembly 41 and 42 and to the respective masses
10 and 11, respectively.

[0108] In particular, each support assembly 41 and 42
is arranged axially on a first side of the base support 45
in a direction parallel to axis A.

[0109] Preferably, eachbase support45is madeinthe
form of a circular plate.

[0110] Eachmass 10 and 11 also comprises arespec-
tive wheel 46 rotatable about a respective rotation axis E.
[0111] Preferably, each mass 10 and 11 is coupled to
the respective support assembly 41 or 42, in particular
to the respective arm 43, in a radially movable manner
with respect to axis A. In this way, each mass 10, 11 is
pushed against a radially inner wall of the shell 12 by the
centrifugal force.

[0112] Due to this contact and to the rotation of the
masses 10 and 11 about axis A, each wheel 46 rotates
about the respective axis E.

[0113] Furthermore, due to this contact between the
wheels 46 and the innerwall of the shell 12, the respective
centrifugal forces are transmitted to the mast 50 in an
efficient manner, due to the support system of the mast
50 with respect to the shell 12.

[0114] Alternatively, each mass 10 and 11 could com-
prise more than one wheel 46 rotatable about a respec-
tive rotation axis E.

[0115] Mass 10 and the respective mass 11 of each
mass unit 8 and 9 lie on the same plane orthogonal to
axis A. In consequence, the sizes of the wheels 46 define
aminimum angle between the respective masses 10 and
11, at which the masses 10, 11 are in contact with each
other.

[0116] Each mass 10, 11 of the mass units 8, 9 also
comprises a coupling element 47 carrying the respective
wheel 46 and coupled to the respective arm 43.

[0117] Each mass 10, 11 also comprises a pin 48 par-
allel to axis A, which couples the respective wheel 46 to
the respective coupling element 47 in a rotatable manner
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and which defines the respective axis E.

In particular, the respective wheel 46 is rotatable about
the respective pin 48, about the associated axis E.
[0118] Each pin 48 is coupled to the respective cou-
pling element 47 in a radially movable manner to enable
the radial movement of the respective wheel 46.

[0119] In particular, each coupling element 47 com-
prises two radially extending guide grooves 49 parallel
to each other, in which the respective ends of the respec-
tive pin 48 are housed. In particular, each end is slidable
in the respective guide groove 49 to enable radial move-
ment of the respective pin 48, and consequently of the
respective wheel 46, under the action of the centrifugal
force.

[0120] Alternatively, or in addition, each coupling ele-
ment 47 is coupled in a radially movable manner to the
respective arm 43.

[0121] Advantageously, each control unit 40 compris-
es (Figure 3):

- two sets of drive gear teeth 55, one integral with the
respective support assembly 41 and the cother inte-
gral with the respective support assembly 42;

- two cogwheels 56, each provided with respective
control gear teeth 57 meshing with a respective set
of drive gear teeth 55 and rotatable about their own
axis F, parallel to and staggered with respect to axis
A; and

- two actuators 58, in particular two electric motors,
each connected to a respective cogwheel 56 and
operable to cause rotation of the respective cog-
wheel 56 about the respective axis F and the con-
sequentrotation of the respective support assembly
41 or 42 about axis A.

[0122] In particular, each drive gear teeth 55 and each
set of control gear teeth 57 are made of a self-lubricating
material and/or polymer material.

[0123] Eachcontrolunit40 also comprises two annular
elements 59, one connected to respective support as-
sembly 41 and the other connected to respective support
assembly 42. In particular, each annular element 59 car-
ries the respective drive gear teeth 55 on its circumfer-
ential edge.

[0124] Preferably, each annular element 59 and the
respective drive gear teeth 55 are made in a single piece
and/or of the same material.

[0125] According to the embodiment shown in Figure
3, each annular element 59 is fastened to the respective
annular support 44. In particular, each annular element
59 is interposed between at least the respective annular
support 44 and the respective base support 45.

[0126] Preferably, each ofthe annularelements 59 that
is connected to the respective support assembly 41 is
interposed between the support base 34 and the respec-
tive annular element 59 that is connected to the respec-
tive support assembly 42.

[0127] According to the embodiment shown in Figure
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3, each set of drive gear teeth 55 is arranged radially
external to the axis A.

[0128] Furthermore, each set of drive gear teeth 55 is
arranged radially internal relative to the respective cog-
wheel 56 and with reference to axis A.

[0129] Furthermore, the sets of drive gear teeth 55 are
axially superimposed on each other and arranged at the
same radial distance from axis A.

[0130] Eachactuator 58 also comprises anoutputshaft
60 rotatable about the axis A and on which the respective
cogwheel 56 is fitted.

[0131] Each actuator 58 is configured to cause a se-
lective rotation of the respective cogwheel 56 and re-
spective output shaft 60 in both possible directions.
[0132] Eachactuator 58 is also fastened to the respec-
tive base support 45, in particular at a second side of the
respective base support 45, opposite to the respective
first side in a direction parallel to axis A.

[0133] Preferably, the masses 10, 11 are axially inter-
posed along axis A between the actuators 58 of mass
unit 8 and the actuators 58 of mass unit 9 (Figure 2).
[0134] Furthermore, the actuators 58 of mass units 8,
9 are radially interposed between the masses 10, 11.
[0135] In this way, it is possible to reduce the axial di-
mensions of the shell 12.

[0136] The rotor 3 also comprises a first slip-ring and
a second slip-ring (not shown) to electrically connect a
source of electrical power carried by the fuselage 2 with
respective actuators 58.

[0137] The rotor 3 also comprises (Figure 6):

- a plurality of sensors 100 configured to generate a
plurality of signals associated with the state of ac-
celeration of the fuselage 2 in a plane orthogonal to
axis A; and

- acontrol unit 101 configured to generate, on the ba-
sis of the signals generated by the aforesaid sensors,
a control signal for the actuators 58 of the control
units 40.

[0138] In use, the mast 50 drives the hub 4 and the
blades 5 in rotation about axis A.

[0139] More specifically, the mast 50rotates about axis
A with angular speed Q in the reference system integral
with the fuselage 2.

[0140] The rotation of the hub 4 and of the blades 5
generates vibrations, which tend to be transmitted to the
mast 50 and, from there, to the fuselage 2.

[0141] With respect to the fixed system of the fuselage
2, these vibrations mainly have an angular frequency
equal to N*QQ, where N is the number of blades 5 and Q
is the angular rotation speed of the mast 50.

[0142] Inorderto reduce these vibrations, the mast 50
drives, via the transmission unit 15, the masses 10 and
11 of the respective mass units 8 and 9 in eccentric ro-
tation about axis A with the respective angular speeds
(N-1)*Q and (N+1)*Q and with respective directions in
the same and in the opposite direction with respect to
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the direction of rotation of the mast 50.

[0143] These rotations of the masses 10 and 11 of the
mass units 8, 9 cause the generation of respective cen-
trifugal forces acting on the mast 50.

[0144] More specifically, the centrifugal forces gener-
ated by the masses 10 and 11 of mass unit 8 (9) have
components in the plane orthogonal to axis A with a si-
nusoidal course and respective angular frequencies
equal to (N-1)"Q2, (N+1)*Q, in the reference system inte-
gral with the mast 50.

[0145] The first (second) resultant attenuating force
generated by the masses 10 and 11 of mass unit 8 is
equal to the vector sum of the first (second) centrifugal
forces.

[0146] The first and second resultant attenuating forc-
es attenuate the transmission of vibrations to the fuse-
lage 2 in a plane orthogonal to axis A.

[0147] Furthermore, these first and second resultant
attenuating forces have, in the reference system integral
with the fuselage 2, an angular frequency equal to N*QQ,
i.e. to the angular frequency of the disturbing vibratory
forces that it is wished to attenuate.

[0148] Furthermore, these first and second resultant
attenuating forces have magnitudes dependent on the
angles between the respective masses 10 and 11 of the
respective mass unit 8 and 9. For example, the magni-
tude of these first and second resultant forces is maxi-
mum when the angle defined between the associated
masses 10 and 11 is minimum.

[0149] Conversely, the magnitude of these first and
second resultant attenuating forces is minimum and
equal to zero when the angle between the associated
masses 10 and 11 is one hundred and eighty degrees.
[0150] Instead, the phases of the first and second re-
sultant attenuating forces with respect to the fixed direc-
tion depend on the angular position of the masses 10
and 11 with respect to the fixed direction.

[0151] 1t is important to note that the masses 10 and
11 exert the respective first and second resultants on the
mast 50 and rotate with respective angular speeds (N-
1)*Q, (N+1)*Q2, both when the control units 40, in partic-
ular the actuators 58, are activated and when they are
deactivated.

[0152] Whereas the selective activation of the control
units 40, in particular of actuators 58, enables varying
the magnitude and phase of the first and second resultant
forces on the mast 50, so as to adjust the magnitude and
phase ofthefirst and second resultant attenuating forces.
[0153] The functioning of the rotor 3 is hereinafter de-
scribed starting from a state in which the control units 40,
in particular the actuators 58, are deactivated.

[0154] In this condition, the relative angles between
the respective masses 10 and 11 are fixed.

[0155] The mast 50 drives the aforesaid auxiliary
shafts 16 and 17 of the transmission unit 15 in rotation
about axis A.

[0156] The first and second epicyclic trains are config-
ured sothatthe aforesaid auxiliary shafts 16 and 17 rotate
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about axis A with the respective angular speeds (N-1)*Q
and (N+1)*Q, in the reference system integral with the
mast 50.

[0157] In particular, the mast 50 and the first auxiliary
shaft 16 rotate in the same direction and the second aux-
iliary shaft 17 rotates in the opposite direction to the mast
50 and auxiliary shaft 16.

[0158] The first and second auxiliary shafts 16 and 17
respectively drive the mass units 8 and 9, in particular
the respective masses 10 and 11, in rotation about axis
A with the respective angular speeds (N-1)*Q and
(N+1)*Q.

[0159] In addition, during rotation about axis A, the
masses 10 and 11 are pushed by the centrifugal forces
against the inner wall of the shell 12, so as to transfer
the first and second resultant attenuating forces to the
mast 50.

[0160] In the condition where the control units 40 are
deactivated, the actuators 58 are deactivated and, there-
fore the respective support assemblies 41 and 42 do not
change the respective angles defined between them. In
addition, the supportassemblies 41 and 42 do notchange
the respective angular positions with respect to the fixed
direction rotating integrally with the associated auxiliary
shaft 16, 17.

[0161] In consequence, in the aforementioned condi-
tion, the support assemblies 41 and 42, although mount-
ed in an angularly movable manner with respect to the
respective first and second auxiliary shafts 16, 17, are
driven in rotation by the respective auxiliary shaft 16, 17
with the respective angular speeds (N-1)*Qand (N+1)*Q.
[0162] Inconsequence, rotation of the support assem-
blies 41 and 42 causes the eccentric rotation of the as-
sociated masses 10 and 11 about axis A with the respec-
tive angular speeds (N-1)*Q and (N+1)*Q.

[0163] The functioning of the rotor 3 is hereinafter de-
scribed with reference to a state of activation of the con-
trol units 40, in particular of actuators 58.

[0164] Referring to Figure 6, the control unit 101 re-
ceives signals associated with the state of acceleration
of the mast 50 from the sensors 100 and generates con-
trol signals for the actuators 58 of the control units 40, in
the event of detecting the need to vary the phases and
amplitudes of the first and second resultant attenuating
forces.

[0165] The activation of one or more actuators 58 caus-
es rotation of the respective support assemblies 41 and
42 about axis A to position the masses 10 and 11 so that
they define the desired respective angles between one
another and in the desired angular positions with respect
to the fixed direction rotating integrally with the associat-
ed auxiliary shaft 16 or 17.

[0166] More specifically, and with reference to mass
unit 8 (9), the operation of one of the actuators 58 causes
the rotation of the respective output shaft 60 and cog-
wheel 56 about the associated axis F.

[0167] The rotation of the associated cogwheel 56
causes, through the meshing of the respective control
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gear teeth 57 and drive gear teeth 55, the additional ro-
tation of the associated support assembly 41 (42) by a
predetermined angle about axis A.

[0168] In consequence, also the mass 10 (11) addi-
tionally rotates by the predetermined angle aboutthe axis
A with respect to the other mass 11 (10) and to the aux-
iliary shafts 16 and 17.

[0169] The associated angle between the masses 10,
11 of the mass unit 8 (9) is thus altered and, therefore,
the amplitude of the first (second) resultant attenuating
force is adjusted.

[0170] The position of the masses 10, 11 of the mass
unit 8 (9) with respect to the fixed direction is also inte-
grally altered and, therefore, the phase of the first (sec-
ond) resultant attenuating force is altered with respectto
that fixed direction.

[0171] With particular reference to Figure 4, reference
numeral 7’ indicates an attenuating device (only partially
shown) for a rotor 3’ according to a second embodiment
of the present invention.

[0172] Attenuating device 7’ is similar to attenuating
device 7 and will hereinafter be described only with re-
gard to what differentiates it from the latter; the same or
equivalent parts of attenuating devices 7 and 7’ will be
indicated, where possible, by the same reference num-
bers.

[0173] In particular, each attenuating device 7’ differs
from attenuating device 7 due to the fact that the drive
gear teeth 55 of each control unit 40 are radially and
axially spaced from each other. In particular, one of the
respective sets of drive gear teeth 55’ is arranged radially
internal and the other is arranged radially external with
respect to axis A.

[0174] Furthermore, one of the annular elements 59°
of each control unit 40 has an inner diameter larger than
the outer diameter of the other annular element 59'. In
particular, the respective annular element 59" with the
larger internal diameter is provided with the drive gear
teeth 55’ that are arranged radially internal with respect
to axis A and the other annular element 59’ has the drive
gear teeth 55’ that are arranged externally.

[0175] Preferably, the annular element 59’ with the
larger internal diameter of each control unit 40 surrounds
the other annular element 59’ of the same control unit40.
[0176] Attenuating device 7’ also differs from attenu-
ating device 7 in that the arms 43 are directly connected
to the respective annular elements 59'.

[0177] Alternatively, each arm 43 could be mounted
on a respective annular support, which is carried by the
respective annular element 59’.

[0178] In particular, attenuating device 7’ also differs
from attenuating device 7 due to the fact that each sup-
port assembly 41 and 42 comprises a respective slide
65’ (see Figure 5 in particular) adapted to couple the re-
spective coupling element 47 to the respective arm 43 in
a radially movable manner. In particular, each slide 65’
carries the respective coupling element 47 and is con-
nected to the respective arm 43 in radially movable man-
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ner.
[0179] The operation of the rotor 3’ comprising the ac-
tuating device 7’ is similar to the operation of rotor 3 with
actuating device 7 and is therefore not described in detail.
[0180] From examination of the characteristics of the
rotor 3, 3’ according to the present invention, the advan-
tages that can be achieved therewith are evident.
[0181] In particular, the rotor 3 or 3’ is equipped with
an attenuating device 7 or 7’ with particular operational
flexibility that enables efficiently attenuating vibrations
originating from the blades 5 and acting in a plane or-
thogonal to axis A. In particular, the attenuating devices
7 and 7’ have control units 40 that can control the angle
between the respective masses 10 and 11 in a particu-
larly flexible and responsive manner.

[0182] This occurs since the coupling between each
set of gear teeth 57 and the respective set of gear teeth
55, 55’ enables rotating the masses 10, 11 in both direc-
tions of rotation about axis A.

[0183] In this way, unlike the known solutions de-
scribed in the introductory part of this description, it is
possible to rotate masses 10 and 11 of the respective
mass units 8, 9 in the direction that enables reaching the
desired position more quickly, significantly improving the
responsiveness characteristics of the attenuating device
7, 7.

[0184] This is particularly advantageous in the case of
sudden changes in the directions of vibrations generated
by the mast 50 in the plane of the rotor.

[0185] Furthermore, the coupling between each set of
gear teeth 57 and the respective set of gear teeth 55, 55’
enables reducing the required transmission ratios with
respect to the known solutions described in the introduc-
tory part of this description.

[0186] In consequence, lower torques are required
from the actuators 58 with respect to the known solutions
described in the introductory part of this description.
[0187] This enables limiting the loads on the actuators
58 and further improving the responsiveness character-
istics of the attenuating device 7, 7'.

[0188] As each set of gear teeth 57 is coupled in a
reversible manner with the respective set of gear teeth
55, 55°, the masses 10, 11 of the mass units 8, 9 do not
remain blocked in the event of failure of the associated
actuator 58.

[0189] It is thus possible to return these masses 10,
11 of the mass units 8, 9 to a desired position by means
of respective springs (not shown).

[0190] A further advantage lies in that the attenuating
device 7, 7’ has a small axial extension, due to the fact
that the masses 10, 11 of the mass units 8, 9 are axially
interposed between the actuators 58 of the mass units
8,9.

[0191] In other words, the attenuating device 7, 7’ has
an extension in the direction parallel to the rotation axis
A of the mast 50 that substantially does not exceed that
of the flow conveyor 6 and therefore does create negative
consequences of an aerodynamic nature.
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[0192] In addition, the axial extension is also limited,
due to the fact that first epicyclic train comprises portions
in common with the second epicyclic train.

[0193] Another advantage lies in the low maintenance
of the attenuating device 7 and 7°, due to the use of self-
lubricating gear teeth.

[0194] Lastly, the masses 10, 11 of each mass unit 8,
9 are radially movable with respect to axis A.

[0195] In consequence, the centrifugal forces due to
the rotation of the masses 10, 11 of each mass unit 8, 9
are discharged on the shell 12.

[0196] This substantially reduces the flexural loads
acting on the auxiliary shafts 16, 17 and on other mem-
bers of the transmission device 15.

[0197] Finally, itis clear that modifications and variants
can be made regarding the rotor 3, 3’ described and il-
lustrated herein without departing from the scope defined
by the claims.

[0198] In particular, the control units 40 could cause
the additional rotation of just the support assemblies 41,
41’ and just masses 10 about axis A with respect to the
associated auxiliary shafts 16, 17. In this condition, the
support assemblies 42, 42° and masses 11 would rotate
integrally with the associated auxiliary shaft 16, 17.
[0199] The masses 10 and 11 could have different val-
ues from each other.

[0200] Therotor3 could alsobe usedinaconvertiplane
instead of in a helicopter 1.

[0201] Finally, the rotor according to the presentinven-
tion could be the tail rotor of the helicopter 1 instead of
the main rotor 3.

Claims

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

- a hub (4) rotatable about a first axis (A) and
comprising a plurality of blades (5);

- a mast (50) connectable to a drive member of
the aircraft (1) and operatively connected to the
hub (4) to drive, in use, the hub (4) in rotation
about the first axis (A),

- an attenuating device (7, 7’) configured to at-
tenuate the transmission of vibrations from the
mast (50) in a plane orthogonal to the first axis
(A); and

- atransmission device (15) configured to trans-
fer, in use, the rotation of the mast (50) about
the first axis (A) to the attenuating device (7, 7°);

wherein the attenuating device (7; 7’) comprises at
least a first mass unit (8, 9) and a second mass unit
(9, 8); each first mass unit (8, 9) and second mass
unit (9, 8) comprising at least a first mass (10, 11)
and a second mass (11, 10);

the first mass (10, 11) and the second mass (11, 10)
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10

of the first and second mass units (8, 9; 9, 8) being
rotatable about the first axis (A) and being operative-
ly connected to the mast (50) so as to respectively
generate a first centrifugal force and a second cen-
trifugal force on the mast (50) having respective main
components in a direction radial to said first axis (A);
wherein the transmission device (15) is configured
to drive, in use, the first mass unit (8; 9) and the
second mass unit (9; 8) in rotation about the first axis
(A) with, respectively, a first rotational speed ((N-
1)*Q; (N+1)*Q)) and a second rotational speed
((N+1)*Q2; (N-1)*Q) with respect to the mast (50) and
in opposite directions to each other;

wherein the attenuating device (7, 7’) further com-
prises two control units (40), one operatively con-
nected to the first mass unit (8; 9) and the other to
the second mass unit (9; 8), and each selectively
operable to cause an additional rotation of at least
one of the first and second masses (10, 11) of the
associated first and second mass units (8, 9; 9, 8)
with respect to the transmission device (15) and se-
lectively control the relative angle between the first
mass (10; 11) and the second mass (11; 10) of the
associated first and second mass units (8, 9; 9, 8);
wherein each first mass unit (8; 9) and second mass
unit (9; 8) comprises a respective first support as-
sembly (41, 42) carrying the respective first mass
(10; 11) and a respective second support assembly
(42, 41) carrying the respective second mass (11;
10);

wherein each control unit (40) is operatively coupled
to at least the respective first support assembly (41,
42) to cause it to rotate about said first axis (A) with
respect to the transmission device (15) and control
the relative angle between the first mass (10; 11)
and the second mass (11; 10) of the corresponding
first or second mass units (8, 9; 9, 8); characterized
in that each control unit (40) comprises at least:

- a set of drive gear teeth (55, 55) integral with
the respective first support assembly (41, 42);
- a cogwheel (56) provided with a respective set
of control gear teeth (57) meshing with the drive
gearteeth (55, 55’) androtatable about a second
axis (F) parallel to the respective first axis (A);
and

- an actuator (58) operable to cause, in use, the
rotation of the cogwheel (56) about the second
axis (F) and cause the rotation of the respective
first mass (10, 11) about said first axis (A).

The rotor according to claim 1, wherein each first
actuator (58) comprises an output shaft (60) con-
nected coaxially to the respective cogwheel (56).

The rotor according to claim 1 or 2, wherein each
control unit (40) comprises an annular element (59)
connected to the respective first support assembly
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(41, 42) and carrying the respective drive gear teeth
(55, 55’) on its circumferential edge with respect to
the respective first axis (A).

Therotoraccording to claim 3, wherein the drive gear
teeth (55) are radially external orinternal with respect
to the respective first axis (A).

The rotor according to any one of the preceding
claims, wherein each of the first mass unit (8; 9) and
second mass unit (9; 8) comprises a respective base
support (45) rotatable about the first axis (A) and
operatively connected to the transmission device
(15) to be, in use, driven in rotation about the first
axis (A) with the first and second rotational speeds
(((N-1)*Q2); ((N+1)*QQ)), respectively;

wherein the respective first support assembly (41,
42)is connected in a rotatable mannerto the respec-
tive base support (45) on afirst side of the respective
base support (45) and the respective actuator (58)
is integrally connected to the respective base sup-
port (45) on a second side of the respective base
support (45) axially opposite to the first side, when
proceeding along said first axis (A).

The rotor according to any one of the preceding
claims, wherein the first and second masses (10, 11)
of the first and second mass units (8, 9; 9, 8) are
axially interposed between the associated actuators
(58).

The rotor according to any one of the preceding
claims, wherein the first and second masses (10, 11;
11, 10) of the first and second mass units (8, 9; 9, 8)
are arranged radially external with respect to the as-
sociated actuators (58).

The rotor according to any of the preceding claims,
wherein both the first support assembly (41; 42) and
the second support assembly (42; 41) of the first and
second mass units (8, 9; 9, 8) are rotatable about
the first axis (A) with respect to the transmission de-
vice (15);

each control unit (40) further being operatively cou-
pled to the respective second support assembly (42,
41) as well, to cause its rotation about said first axis
(A).

The rotor according to any one of the preceding
claims, wherein the sets of drive gear teeth (55) of
said first and second support assemblies (41, 42)
are axially superimposed on each other and ar-
ranged at the same radial distance from the first axis
(A).

The rotor according to any one of the claims from 1
to 8, wherein the sets of drive gear teeth (55°) of said
first and second support assemblies (41, 42) are ar-
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ranged at mutually different radial distances from
said first axis (A) and radially face each other.

The rotor according to any one of the preceding
claims, wherein each first mass (10, 11) and each
second mass (11, 10) is coupled to the respective
first and second support assembly (41, 42; 42, 41)
in a radially movable manner so as to be, in use,
pushed against a radially inner wall of a shell (12) of
the attenuating device (7, 7°).

The rotor according to any of the preceding claims,
wherein the transmission device (15) comprises at
least:

- afirst auxiliary shaft (16) angularly integral with
the first mass unit (8; 9) and rotatable about the
first axis (A);

- a second auxiliary shaft (17) angularly integral
with the second mass unit (9; 8) and rotatable
about the first axis (A); and

- a transformation unit (18) functionally coupled
to the mast (50) and to the first and second aux-
iliary shafts (16, 17) and configured to receive
motion from the mast (50) and transfer the mo-
tion to the first and second auxiliary shafts (16,
17) so that the first auxiliary shaft (16) and the
second auxiliary shaft (17), in use, rotate about
the first axis (A) with the first rotational speed
((N-1)*Q) in the same direction of rotation as the
mast (50) and with the second rotational speed
((N+1)*Q2) in the opposite direction to the direc-
tion of rotation to the mast (50), respectively.

The rotor according to any one of the preceding
claims, wherein the first rotational speed is equal to
(N-1)*Q and the second rotational speed is equal to
(N+1)*Q2, where N is the number of blades (9) and
Q is the rotational speed of the mast (50), in a refer-
ence system integral with the fuselage (2); wherein
the first mass unit (8; 9) is rotatable in the same di-
rection as the mast (50); and

wherein the second mass unit (9; 8) is rotatable in
the opposite direction to the mast (50).

The rotor according to any one of the preceding
claims, wherein the transmission device (15) com-
prises:

- afirst epicyclic train functionally interposed be-
tween the mast (50) and the first auxiliary shaft
(16); and

- asecond epicyclic train functionally interposed
between the mast (50) and the second auxiliary
shaft (17);

the first epicyclic train comprising a portion in com-
mon with the second epicyclic train.
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15. The rotor according to any one of the preceding
claims, wherein the drive gearteeth (55, 55’) and the
control gear teeth (57) are made of a self-lubricating
material and/or polymer material.

Amended claims in accordance with Rule 137(2)
EPC.

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

- a hub (4) rotatable about a first axis (A) and
comprising a plurality of blades (5);

- a mast (50) connectable to a drive member of
the aircraft (1) and operatively connected to the
hub (4) to drive, in use, the hub (4) in rotation
about the first axis (A),

- an attenuating device (7, 7’) configured to at-
tenuate the transmission of vibrations from the
mast (50) in a plane orthogonal to the first axis
(A); and

- atransmission device (15) configured to trans-
fer, in use, the rotation of the mast (50) about
the first axis (A) to the attenuating device (7, 7°);

wherein the attenuating device (7; 7’) comprises at
least a first mass unit (8, 9) and a second mass unit
(9, 8); each first mass unit (8, 9) and second mass
unit (9, 8) comprising at least a first mass (10, 11)
and a second mass (11, 10);

the first mass (10, 11) and the second mass (11, 10)
of the first and second mass units (8, 9; 9, 8) being
rotatable about the first axis (A) and being operative-
ly connected to the mast (50) so as to respectively
generate a first centrifugal force and a second cen-
trifugal force on the mast (50) having respective main
components in a direction radial to said first axis (A);
wherein the transmission device (15) is configured
to drive, in use, the first mass unit (8; 9) and the
second mass unit (9; 8) in rotation about the first axis
(A) with, respectively, a first rotational speed ((N-
1)*Q2; (N+1)"Q)) and a second rotational speed
((N+1)*Q2; (N-1)*Q) with respect to the mast (50) and
in opposite directions to each other;

wherein the attenuating device (7, 7°) further com-
prises two control units (40), one operatively con-
nected to the first mass unit (8; 9) and the other to
the second mass unit (9; 8), and each selectively
operable to cause an additional rotation of at least
one of the first and second masses (10, 11) of the
associated first and second mass units (8, 9; 9, 8)
with respect to the transmission device (15) and se-
lectively control the relative angle between the first
mass (10; 11) and the second mass (11; 10) of the
associated first and second mass units (8, 9; 9, 8);
wherein each first mass unit (8; 9) and second mass
unit (9; 8) comprises a respective first support as-
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sembly (41, 42) carrying the respective first mass
(10; 11) and a respective second support assembly
(42, 41) carrying the respective second mass (11;
10);

wherein each control unit (40) is operatively coupled
to at least the respective first support assembly (41,
42) to cause it to rotate about said first axis (A) with
respect to the transmission device (15) and control
the relative angle between the first mass (10; 11)
and the second mass (11; 10) of the corresponding
first or second mass units (8, 9; 9, 8);

each control unit (40) comprising at least:

- a set of drive gear teeth (55, 55’) integral with
the respective first support assembly (41, 42);
- a cogwheel (56) provided with a respective set
of control gear teeth (57) meshing with the drive
gearteeth (55, 55’) androtatable about a second
axis (F) parallel to the respective first axis (A);
and

- an actuator (58) operable to cause, in use, the
rotation of the cogwheel (56) about the second
axis (F) and cause the rotation of the respective
first mass (10, 11) about said first axis (A);

characterized in that each said actuator (58)is con-
figured to cause a selective rotation of respective
cogwheel (56) in both directions of rotation about
said first axis (A);

each set of control gear teeth (57) and respective
set of drive gear teeth (55, 55’) enabling the rotation
of said first mass (10; 11) and second mass (11; 10)
in both directions of rotation about said first axis (A).

The rotor according to claim 1, wherein each first
actuator (58) comprises an output shaft (60) con-
nected coaxially to the respective cogwheel (56).

The rotor according to claim 1 or 2, wherein each
control unit (40) comprises an annular element (59)
connected to the respective first support assembly
(41, 42) and carrying the respective drive gear teeth
(55, 55’) on its circumferential edge with respect to
the respective first axis (A).

Therotoraccording to claim 3, whereinthe drive gear
teeth (55) are radially external orinternal with respect
to the respective first axis (A).

The rotor according to any one of the preceding
claims, wherein each of the first mass unit (8; 9) and
second mass unit(9; 8) comprises arespective base
support (45) rotatable about the first axis (A) and
operatively connected to the transmission device
(15) to be, in use, driven in rotation about the first
axis (A) with the first and second rotational speeds
(((N-1)"Q2); ((N+1)*QQ)), respectively;

wherein the respective first support assembly (41,
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42)is connected in a rotatable manner to the respec-
tive base support (45) on afirst side of the respective
base support (45) and the respective actuator (58)
is integrally connected to the respective base sup-
port (45) on a second side of the respective base
support (45) axially opposite to the first side, when
proceeding along said first axis (A).

The rotor according to any one of the preceding
claims, wherein the first and second masses (10, 11)
of the first and second mass units (8, 9; 9, 8) are
axially interposed between the associated actuators
(58).

The rotor according to any one of the preceding
claims, wherein the first and second masses (10, 11;
11, 10) of the first and second mass units (8, 9; 9, 8)
are arranged radially external with respect to the as-
sociated actuators (58).

The rotor according to any of the preceding claims,
wherein both the first support assembly (41; 42) and
the second support assembly (42; 41) of the first and
second mass units (8, 9; 9, 8) are rotatable about
the first axis (A) with respect to the transmission de-
vice (15);

each control unit (40) further being operatively cou-
pled to the respective second support assembly (42,
41) as well, to cause its rotation about said first axis
(A).

The rotor according to any one of the preceding
claims, wherein the sets of drive gear teeth (55) of
said first and second support assemblies (41, 42)
are axially superimposed on each other and ar-
ranged at the same radial distance from the first axis
(A).

The rotor according to any one of the claims from 1
to 8, wherein the sets of drive gear teeth (55’) of said
first and second support assemblies (41, 42) are ar-
ranged at mutually different radial distances from
said first axis (A) and radially face each other.

The rotor according to any one of the preceding
claims, wherein each first mass (10, 11) and each
second mass (11, 10) is coupled to the respective
first and second support assembly (41, 42; 42, 41)
in a radially movable manner so as to be, in use,
pushed against a radially inner wall of a shell (12) of
the attenuating device (7, 7).

The rotor according to any of the preceding claims,
wherein the transmission device (15) comprises at
least:

- afirst auxiliary shaft (16) angularly integral with
the first mass unit (8; 9) and rotatable about the
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first axis (A);

- a second auxiliary shaft (17) angularly integral
with the second mass unit (9; 8) and rotatable
about the first axis (A); and

- a transformation unit (18) functionally coupled
to the mast (50) and to the first and second aux-
iliary shafts (16, 17) and configured to receive
motion from the mast (50) and transfer the mo-
tion to the first and second auxiliary shafts (16,
17) so that the first auxiliary shaft (16) and the
second auxiliary shaft (17), in use, rotate about
the first axis (A) with the first rotational speed
((N-1)*Q) in the same direction of rotation as the
mast (50) and with the second rotational speed
((N+1)*Q2) in the opposite direction to the direc-
tion of rotation to the mast (50), respectively.

The rotor according to any one of the preceding
claims, wherein the first rotational speed is equal to
(N-1)*Q and the second rotational speed is equal to
(N+1)*Q, where N is the number of blades (9) and
Q is the rotational speed of the mast (50), in a refer-
ence system integral with the fuselage (2); wherein
the first mass unit (8; 9) is rotatable in the same di-
rection as the mast (50); and

wherein the second mass unit (9; 8) is rotatable in
the opposite direction to the mast (50).

The rotor according to any one of the preceding
claims, wherein the transmission device (15) com-
prises:

- afirstepicyclic train functionally interposed be-
tween the mast (50) and the first auxiliary shaft
(16); and

- asecond epicyclic train functionally interposed
between the mast (50) and the second auxiliary
shaft (17);

the first epicyclic train comprising a portion in com-
mon with the second epicyclic train.

The rotor according to any one of the preceding
claims, wherein the drive gearteeth (55, 55’)and the
control gear teeth (57) are made of a self-lubricating
material and/or polymer material.
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