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(54) ROTOR FOR A HOVER-CAPABLE AIRCRAFT

(57) A rotor (3, 3’, 3") for an aircraft (1) is described
that has a mast (150), an attenuating device (7, 7’, 7") to
attenuate the transmission of vibrations from the mast
(150) in a plane orthogonal to the first axis (A); and a
transmission device (15) interposed between the mast
(150) and the attenuating device (7, 7’, 7"); the attenuat-
ing device (7, 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)*Ω; (N+1)*Ω); (N+1)*Ω; (N-1)*Ω)), two con-
trol units (40, 40’) operable to cause an additional rotation

of at least one of the first and second masses (10, 11);
and a first and a second support assembly (41, 41’; 42,
42’) carrying the first and second masses (10; 11); each
control unit (40, 40’) controls the angle between the first
and second masses (10, 11) and each control unit (40,
40’) comprises: a belt (50) coupled to the support assem-
bly (41, 41’; 42, 42’) and a drive unit (51, 51’) coupled to
the first belt (50), to cause the rotation of the first support
assembly (41, 41’; 42, 42’) with respect to said transmis-
sion device (15).



EP 3 766 778 A1

2

5

10

15

20

25

30

35

40

45

50

55

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 its own axis, and a tail rotor
located at the end of the fuselage.
[0003] In greater detail, the rotor, in turn, 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 con-
nectable to a drive member and operatively connected
to the hub to drive it in rotation.
[0004] In use, operation of the rotor causes the 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)*Ω, (N-
1)*Ω and multiples thereof, where Ω is the rotational
speed of the mast and N represents the number of blades
of the rotor. It is also known that in passing from the ro-
tating 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 an angular frequency equal
to N*Ω and associated multiples thereof on the fixed sys-
tem. In other words, the hub and the mast transfer the
angular frequencies of the vibratory aerodynamic loads
acting in the plane of the blades onto the aforesaid an-
gular frequencies.
[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-
tational 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] Although they 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.
[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 flex-
ural vibrations, i.e. in a plane orthogonal to the axis of
the mast.
[0015] In greater detail, the attenuating device com-
prises:

- a first 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 of (N-1)*Ω and in the same direction
of rotation as the mast, and the masses of the second
mass unit rotate with a rotational speed of (N+1)*Ω and
in the opposite direction of rotation to the mast.
[0017] In this way, 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-
quency equal to (N-1)*Ω.
[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)*Ω.
[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 unit is selectively operable to ad-
just the angle between the respective masses of the re-
spective first or second mass unit, so as to adjust the
magnitude and phase with respect to a fixed direction of
the respective first and second resultant attenuating forc-
es.
[0023] For each mass of the associated first or second
mass units, each control unit also comprises:

- an electric motor; and
- a worm screw operatively coupled to the respective
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electric motor and rotatable about a respective axis;
and

- a cogwheel 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 associated first or second mass unit.
[0025] In this way, it is possible to adjust the magnitude
and phase with respect to a fixed direction of the first and
second resultants.
[0026] Due to the irreversibility of the meshing between
each worm screw and the associated cogwheel, the at-
tenuating devices of a known type are able to cause ad-
ditional rotation of the masses in only one direction.
[0027] In consequence, the attenuating devices of a
known type are susceptible to improvements 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.
[0028] Furthermore, the attenuating device described
in the above-mentioned patent application EP-A-
3421358 has significant axial bulk.
[0029] 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.
[0030] There is also awareness in the industry of the
need to attenuate flexural vibrations of the mast and the
hub, preserving the effectiveness of the aforementioned
active attenuating devices and, at the same time, limiting
as far as possible the need for particularly complex ded-
icated parts, so as to reduce weight, bulk and overall
costs.
[0031] GB 1120193, US 2014/360840,
WO2015031768 and WO2015031768 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.
[0032] The object of the present invention is to produce
a rotor for a hover-capable aircraft that enables satisfying
at least one of the above-specified needs in a simple and
inexpensive manner.
[0033] The aforesaid object is achieved by the present
invention, in so far as it relates to a rotor for a hover-
capable aircraft as defined in claim 1.
[0034] For a better understanding of the present inven-
tion, three 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 a first embodiment of the present
invention, with parts removed for the sake of clarity;

- Figure 2 is a section along line II-II of Figure 1 of an
actuating device incorporated in the rotor in Figure
1, with parts removed for the sake of clarity;

- Figure 3 shows a perspective view of some details
of the attenuating device of Figure 2, with parts re-
moved for the sake of clarity;

- Figure 4 is a section along line IV-IV of Figure 3, with
parts removed for the sake of clarity;

- Figure 5 is a cross-section of an actuating device
incorporated in a rotor according to a second em-
bodiment of the invention, with parts removed for the
sake of clarity;

- Figure 6 shows a perspective view, on a highly en-
larged scale, of a further detail of the attenuating
device of Figure 5, with parts removed for the sake
of clarity;

- Figure 7a is a plan view of the attenuating device of
Figures 5 and 6, with parts removed for the sake of
clarity;

- Figure 7b is a schematic section along line VIIb-VIIb
of Figure 7a, with parts removed for the sake of clar-
ity;

- Figure 8 shows, in plan, some details of an attenu-
ating device incorporated in a rotor according to a
third embodiment of the invention, with parts re-
moved for the sake of clarity; and

- Figure 9 shows a schematic view of some compo-
nents of the device of Figures 2 to 8.

[0035] Referring to Figure 1, reference numeral 1 in-
dicates a hover-capable aircraft, in particular a helicopter.
[0036] The helicopter 1, in turn, comprises:

- a fuselage 2;
- a main rotor 3 positioned on the top of the fuselage

2 and rotatable about an axis A; and
- a tail 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.

[0037] 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.
[0038] The rotor 3 also comprises a mast 150 (Figure
2) rotatable about axis A with angular speed Ω with re-
spect to a reference system integral with the fuselage 2.
The mast 150 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 150.
[0039] In the case shown, the mast 150 is partly housed
inside the hub 4.
[0040] Preferably, the mast 150 is hollow.
[0041] 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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[0042] 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.
[0043] Preferably, the flow conveyor 6 has a "cap-like"
shape and is delimited by a pair of surfaces axially facing
each other. Preferably, the walls of the flow conveyor 6
are shaped so that their axial distance decreases pro-
ceeding in a radial direction starting from axis A.
[0044] 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 flexural vibrations
of the mast 150 to the fuselage 2.
[0045] 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.
The mass units 8 and 9 are indirectly coupled to the mast
150.
[0046] Each mass unit 8 and 9 comprises a respective
mass 10 and a respective mass 11 arranged eccentrically
with respect to axis A and eccentrically rotatable about
axis A.
[0047] The masses 10, 11 of mass unit 8 are coupled
to the hub 4 and to the mast 150 so as to be rotatable
about axis A with respect to the mast 150 in the same
direction of rotation of the mast about axis A and with the
first angular speed equal to (N-1)*Ω relative to the mast
150, where N is the number of blades 5 and Ω is the
angular rotational speed of the mast 150.
[0048] In the present description, the term angular fre-
quency means the frequency multiplied by 2π.
[0049] In a similar manner, the masses 10, 11 of mass
unit 9 are coupled to the hub 4 and to the mast 150 so
as to be rotatable about axis A and with respect to the
mast 150 in the opposite direction of rotation to the mast
150 about axis A and with the second angular speed
equal to (N+1)*Ω relative to the mast 150.
[0050] Where not expressly indicated, hereinafter in
the present description it is understood that the angular
speeds (N-1)*Ω and (N+1)*Ω are to be considered in the
reference system integral with the mast 150.
[0051] 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.
[0052] Each of these centrifugal forces has respective
components in the aforementioned plane orthogonal to
axis A having a sinusoidal course with an angular fre-
quency corresponding to the respective first and second
angular speeds (N-1)*Ω and (N+1)*Ω of the respective
masses 10, 11 about axis A.
[0053] The vector sum of the centrifugal forces gener-
ated by the masses 10, 11 of mass unit 8 correspond to
a first resultant attenuating force. The components of this
first resultant force in the plane orthogonal to axis A have
a sinusoidal course with angular frequency (N-1)*Ω.
[0054] 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 aforemen-
tioned components of this second resultant force in the
plane orthogonal to axis A have a sinusoidal course with
angular frequency (N+1)*Ω.
[0055] In this way, and considering the passage from
the rotary system of the rotor 3 to the fixed system of the
fuselage 2, the components of the first and second re-
sultant attenuating forces are sinusoidal with angular fre-
quency N*Ω with respect to the reference system integral
with the fuselage 2.
[0056] 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.
[0057] 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.
[0058] In other words, 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 attenuating force, and the phase angle defined
between this first (second) resultant and a fixed direction
in the plane orthogonal to axis A.
[0059] Hereinafter in this description, the term "angle
between the masses 10, 11" means the angular distance
between segments radial to axis A and joining axis A and
the barycentres of the respective masses 10, 11.
[0060] In the case shown, the masses 10 and 11 of
each mass unit 8 and 9 are equal to each other and are
arranged at the same distance from axis A. In addition,
the masses 10 and 11 of mass unit 8 are equal to the
masses 10 and 11 of mass unit 9.
[0061] In consequence, the centrifugal forces gener-
ated by the masses 10, 11 of mass units 8 (9) are equal
to one another in magnitude.
[0062] With particular reference to Figure 2, the rotor
3 also comprises a transmission unit 15 configured to
transfer rotation of the mast 150 about axis A to the at-
tenuating device 7. In particular, the transmission unit 15
is functionally interposed between the mast 150 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)*Ω and (N+1)*Ω, respectively,
with respect to the mast 150 and with respective direc-
tions of rotation opposite to each other.
[0063] In particular, the transmission unit 15 is func-
tionally connected to the mast 150 and to the masses
10, 11 of mass units 8, 9.
[0064] 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.
[0065] In particular, the attenuating device 7 comprises
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a shell 12 in which the mass units 8 and 9 and a part of
the transmission unit 15 are housed.
[0066] 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.
[0067] In greater detail, the transmission unit 15 com-
prises (Figure 2):

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

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

- a transformation unit 18 functionally coupled to the
mast 150 and to the auxiliary shafts 16 and 17, and
configured to receive motion from the mast 150 ro-
tatable with angular speed Ω and transfer the motion
to the auxiliary shafts 16 and 17.

[0068] In this way, auxiliary shaft 16 and auxiliary shaft
17 respectively rotate about axis A with rotational speed
(N-1)*Ω in the same direction as the direction of rotation
of the mast 150 and with rotational speed (N+1)*Ω in the
opposite direction to the direction of rotation of the mast
150.
[0069] More specifically, the transformation unit 18
comprises:

- a first epicyclic train coupled to auxiliary shaft 16 and
to the mast 150; and

- a second epicyclic train coupled to auxiliary shaft 17
and to the mast 150.

[0070] In greater detail, the second epicyclic train com-
prises, 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.
[0071] Preferably, and with particular reference to Fig-
ure 2, the transformation unit 18 comprises:

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

- a sun gear 23, rotatable about axis A, having gear
teeth 32 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-
tion axes B and each having respective first gear
teeth 26 radially external with respect to the respec-
tive axis B.

[0072] In the case shown, the B-axes are parallel to
and offset from axis A.
[0073] In particular, each first gear teeth 26 mesh with
gear teeth 22 and with gear teeth 24.
[0074] The planet gears 25 are operatively and indi-

rectly coupled to the mast 150 to be driven in rotation
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 ro-
tation is then transferred to the auxiliary shaft 16 by the
meshing between gear teeth 26 and gear teeth 24. In
particular, the rotation of the auxiliary shaft 16 about axis
A occurs in the same direction of rotation as that of the
mast 150.
[0075] In particular, the first epicyclic train comprises
the casing 21, the sun gear 23, the planet gears 25, the
inner gear teeth 22, gear teeth 24 and gear teeth 26.
[0076] 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 rota-
tion axes C (parallel to axis A), and each having re-
spective first gear teeth 31 and respective second
gear teeth 32 radially external with respect to the
respective axis C.

[0077] In particular, each planet gear 25 further com-
prises second gear teeth 33 radially external with respect
to the respective axis B.
[0078] 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.
[0079] In the case shown, the C-axes are parallel to
and offset from axis A.
[0080] In particular, 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.
[0081] The gear teeth 22, 24, 26, 31, 32 and 33 are
configured and/or coordinated with each other so as ob-
tain a rotational speed of (N+1)*Ω for auxiliary shaft 17
and a rotational speed of (N-1)*Ω for auxiliary shaft 16.
[0082] The transformation unit 18 further comprises a
planet-gear carrier to support the planet gears 25 and 30
in a rotatable manner about the respective axes B and
C. In particular, the planet-gear carrier is rotatable about
axis A and is angularly integral with the mast 150. In
particular, due to the connection of the planet-gear carrier
to the mast 150, rotation of the planet-gear carrier about
axis A is obtained when the mast 150 rotates about axis A.
[0083] Preferably, the planet-gear carrier comprises a
support base 34 orthogonal to axes A, B and C, and a
plurality 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.
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[0084] Preferably, the support base 34 is operatively
connected to the mast 150 so that it can be driven in
rotation about axis A.
[0085] Preferably, the casing 21 is fixed to the shell 12.
[0086] The attenuating device 7 also comprises two
control units 40, one operatively connected to mass unit
8 and the other to mass unit 9.
[0087] 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.
[0088] 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)*Ω and
(N+1)*Ω).
[0089] 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 associated mass unit 8, 9. It is thus possible
to attenuate the vibrations originating from the blades 5
and transmitted from the mast 150 to the fuselage with
the first and second resultant attenuating forces each
having the desired magnitude and direction.
[0090] 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).
[0091] In greater detail, each support assembly 41, 42
is coupled to the transmission unit 15 so as to be driven
in rotation about axis A with the respective first and sec-
ond angular speeds (N-1)*Ω and (N+1)*Ω.
[0092] More specifically, the support assemblies 41,
42 are connected in a rotatable manner about axis A with
respect to the associated auxiliary shaft 16 and 17.
[0093] In particular, each support assembly 41, 42 is
selectively operable by the respective control unit 40 to
additionally rotate with respect to the respective auxiliary
shafts 16, 17 and so selectively adjust the angle between
the masses 10, 11 of the respective mass units 8, 9.
[0094] Each support assembly 41, 42 further compris-
es:

- a respective annular support 44 coaxial with the re-
spective auxiliary shaft 16 or 17 and axis A; and

- a respective arm 43 projecting in a cantilever fashion
from the associated annular support 44, radially to
axis A and supporting the associated mass 10, 11.

[0095] In particular, each annular support 44 is rotat-
able about axis A relative to the respective auxiliary shaft
16 or 17 and is coupled to the respective control unit 40
to enable the additional rotation of the masses 10, 11
with respect to the associated auxiliary shaft 16, 17 and
the consequent adjustment of the angle between the re-

spective masses 10 and 11.
[0096] Preferably, the annular support 44 of support
assembly 41 is axially spaced from the annular support
44 of support assembly 42. In particular, the annular sup-
port 44 of support assembly 41 is arranged above the
annular support 44 of support assembly 42.
[0097] 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 with the first and second ro-
tational speeds (N-1)*Ω and (N+1)*Ω, respectively. In
particular, the base support 45 of the mass unit 8 or 9 is
angularly integral with the respective auxiliary shaft 16
and 17. In this way, each support assembly 41, 42 is
driven in rotation by the respective auxiliary shaft 16, 17.
[0098] In this way, each support assembly 41, 42 is
free to additionally rotate relative to the respective aux-
iliary shaft 16, 17 under the action of the corresponding
control unit 40.
[0099] In particular, each support assembly 41 and 42
is arranged axially on a first axial side of the respective
base support 45. In the case shown, the support assem-
blies 41, 42 are arranged above the base support 45.
[0100] Preferably, each base support 45 is made in the
form of a circular plate.
[0101] Each mass 10, 11 comprises a pair of wheels
46 rotatable about respective axes E.
[0102] In the case shown, the E-axes are offset from
and parallel to axis A and are arranged at the same radial
distance from axis A.
[0103] Preferably, each mass 10 and 11 is coupled to
the respective arm 43 in a radially movable manner so
as to be pushed against an inner wall of the shell 12 by
the associated centrifugal force.
[0104] 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.
[0105] Furthermore, due to this contact between the
wheels 46 and the inner wall of the shell 12, the respective
centrifugal forces are transmitted to the mast 150 in an
efficient manner, due to the support system of the mast
150 with respect to the shell 12.
[0106] The masses 10, 11 of each mass unit 8 and 9
lie on the same plane orthogonal to axis A. In this way,
the sizes of the wheels 46 define a minimum angle be-
tween the respective masses 10 and 11, at which the
masses 10 and 11 are in contact with each other.
[0107] Each mass 10, 11 also comprises a coupling
element 47 carrying the respective wheels 46 and cou-
pled to the respective arm 43.
[0108] Preferably, each coupling element 47 is con-
nected to the respective arm 43 in a radially movable
manner so as to make the respective wheels 46 radially
movable, under the action of the associated centrifugal
forces.
[0109] Alternatively, or in addition, each wheel 46 could
be connected to the respective coupling element 47 in a
radially movable manner.

9 10 



EP 3 766 778 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0110] Advantageously, and with particular reference
to Figures 2 to 4, each control unit 40 comprises:

- a belt 50, in particular an endless belt, operatively
coupled to the respective support assembly 41 or 42
and movable along a first closed path P; and

- a drive unit 51, operatively coupled to the respective
belt 50 and operable to cause rotation of the respec-
tive belt 50 along the respective path P and conse-
quent rotation of the respective support assembly
41, 42 and the respective mass 10, 11 about axis A.

[0111] In greater detail, each belt 50 is made of a pol-
ymer material, in particular an elastomeric material, such
as, for example, rubber.
[0112] Each drive unit 51, in turn, comprises:

- an actuator 53, in particular an electric motor;
- a drive pulley 52 rotatable about a respective rotation

axis F and driven in rotation by the actuator 53 about
the associated axis F; and

- a driven pulley 54 rotatable about a respective axis
G, and operatively connected to the respective sup-
port assembly 41, 42 and to the drive pulley 52 by
the associated belt 50.

[0113] In the case shown, the F-axes are offset from
and parallel to axis A.
[0114] In particular, each belt 50 is connected to the
respective drive pulley 52 and the respective driven pul-
ley 54 to define a belt transmission. In other words, each
belt 50 advances along at least a portion of the respective
path P as a function of the rotation of the respective drive
pulley 52 about the respective rotation axis F and causes
rotation of the respective driven pulley 54 about the re-
spective rotation axis G.
[0115] Each actuator 53 is also configured to cause
rotation of the respective drive pulley 52 about the re-
spective rotation axis F and the consequent rotation of
the respective driven pulley 54 and the respective sup-
port assembly 41, 42 connected to the respective driven
pulley 54.
[0116] Preferably, each actuator 53 is operable to se-
lectively cause rotation of the respective drive pulley 52
in the clockwise direction or anti-clockwise direction.
[0117] In this way, it is possible to rotate the respective
mass 10 or 11 in the clockwise direction or anti-clockwise
direction and change the angle defined between the re-
spective masses 10, 11.
[0118] In particular, each actuator 53 comprises an
output shaft 55 coaxially connected to the respective
drive pulley 52 and rotatable about the associated axis F.
[0119] Each belt 50 also comprises respective toothing
56. In particular, the respective toothing 56 is arranged
along a radially inner surface of the belt 50.
[0120] In particular, each drive pulley 52 and each driv-
en pulley 54 comprise respective coupling gear teeth 57.
The toothing 56 of the belt 50 meshes with the respective

coupling gear teeth 57 of the respective drive pulley 52
and of the respective driven pulley 54.
[0121] Preferably, each set of coupling gear teeth 57
is arranged radially external to the respective rotation
axis F or G.
[0122] In the case shown, the axis G of each driven
pulley 54 is coincident with axis A.
[0123] Preferably, each driven pulley 54 is integral with
the annular support 44 of the respective support assem-
bly 41, 42.
[0124] Each drive unit 51 is fixed to the respective base
support 45. In particular, each actuator 53 is axially ar-
ranged at the second side of the respective base support
45, opposite to the respective first side.
[0125] Conversely, the drive pulley 52 and driven pul-
ley 54 are axially arranged on the respective first side.
[0126] Preferably, the masses 10, 11 are axially inter-
posed along axis A between the actuators 53 of mass
unit 8 and the actuators 53 of mass unit 9.
[0127] Furthermore, the actuators 53 of mass units 8,
9 are radially interposed between the masses 10, 11 of
mass units 8, 9.
[0128] In this way, it is possible to reduce the axial and
radial dimensions of the shell 12.
[0129] 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 on the fuselage 2 with
respective actuators 53.
[0130] The rotor 3 also comprises (Figure 9):

- 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

- a control unit 101 configured to generate, on the ba-
sis of the signals generated by the aforesaid sensors,
a control signal for the actuators 53 of the control
units 40.

[0131] In use, the mast 150 drives the hub 4 and the
blades 5 in rotation about axis A.
[0132] More specifically, the mast 150 rotates about
axis A with angular speed Ω, with reference to the refer-
ence system integral with the fuselage 2.
[0133] The rotation of the hub 4 and of the blades 5
generates vibrations, which would tend to be transmitted
to the mast 150 and, from there, to the fuselage 2.
[0134] With respect to the fixed system of the fuselage
2, these vibrations mainly have an angular frequency
equal to N*Ω, where N is the number of blades 5 and Ω
is the angular rotational speed of the mast 150.
[0135] In order to reduce these vibrations, the mast
150 drives, via the transmission unit 15, the masses 10
and 11 of the mass units 8 and 9, in rotation about axis
A with the respective first and second angular speeds
(N-1)*Ω and (N+1)*Ω 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 150.
[0136] These rotations of the masses 10 and 11 of the
mass units 8 and 9 generate respective centrifugal forc-
es.
[0137] The resultant of the centrifugal forces of the
masses 10, 11 of mass unit 8 (9) is equal to the first
(second) resultant attenuating force.
[0138] More specifically, the components of the first
and second resultant attenuating force in the plane or-
thogonal to axis A are sinusoidal and with respective an-
gular frequencies equal to (N-1)*Ω and (N+1)*Ω, in the
reference system integral with the mast 150.
[0139] These first and second resultant attenuating
forces counter the loads due to vibrations in the plane
orthogonal to axis A.
[0140] Furthermore, these components of the first and
second resultant attenuating forces have, in the refer-
ence system integral with the fuselage 2, an angular fre-
quency equal to N*Ω, i.e. to the angular frequency of the
disturbing vibratory forces that it is wished to attenuate.
[0141] The resultant first (second) attenuating force
has magnitude and phase dependent on the respective
angles between the respective masses 10 and 11 of the
respective mass unit 8(9). For example, the magnitude
of these first and second resultant forces is maximum
when the angle defined between the associated masses
10 and 11 is minimum. Conversely, this magnitude is
minimum when the angle between the associated mass-
es 10 and 11 is one hundred and eighty degrees.
[0142] It is important to note that the masses 10, 11
exert the respective first and second resultant attenuating
forces on the mast 150 and rotate with respective angular
speeds (N-1)*Ω and (N+1)*Ω, both when the actuators
53 are activated and when the actuators 53 are deacti-
vated.
[0143] Whereas the selective activation of the control
units 40, in particular of actuators 53, enables varying
the magnitude and phase of the first and second resultant
forces on the mast 150.
[0144] The functioning of the rotor 3 is hereinafter de-
scribed starting from a state in which the control units 40,
in particular the actuators 53, are deactivated. In this con-
dition, the corresponding angles between the respective
masses 10 and 11 are fixed.
[0145] The mast 150 drives the auxiliary shafts 16 and
17 of the transmission unit 15 in rotation about axis A.
[0146] The first and second epicyclic trains cause the
rotation of the auxiliary shafts 16 and 17 about axis A
with the respective first and second angular speeds (N-
1)*Ω and (N+1)*Ω, in the reference system integral with
the mast 150.
[0147] In particular, the mast 150 and auxiliary shaft
16 rotate in the same direction and auxiliary shaft 17 ro-
tates in the opposite direction to the mast and auxiliary
shaft 16.
[0148] The auxiliary shafts 16 and 17 respectively drive
the masses 10, 11 of the respective mass units 8 and 9
in rotation about axis A with the respective angular

speeds (N-1)*Ω and (N+1)*Ω.
[0149] In addition, during rotation about axis A, the
masses 10, 11 are pushed by centrifugal forces against
the inner wall of the shell 12.
[0150] In the condition where the control units 40 are
deactivated, the actuators 53 are deactivated and so the
angle between the respective support assemblies 41 and
42 and the masses 10 and 11 of the respective mass
units 8 and 9 does not change.
[0151] 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 auxiliary shaft 16 and 17, are rigidly driven in
rotation by the respective auxiliary shaft 16 and 17 with
the respective angular speeds (N-1)*Ω and (N+1)*Ω.
[0152] Thus, rotation of the support assemblies 41 and
42 causes the eccentric rotation of the associated mass-
es 10 and 11 about axis A with the respective angular
speeds (N-1)*Ω and (N+1)*Ω.
[0153] 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 53.
[0154] The control unit 100 receives signals associat-
ed with the state of acceleration of the mast 150 from the
sensors 101 and generates control signals for the actu-
ators 53 of the control units 40, in the event of detecting
the need to vary the phases and magnitudes of the first
and second resultant attenuating forces.
[0155] The activation of one or more actuators 53 caus-
es rotation of the respective support assemblies 41 and
42 about axis A to position the masses 10 and 11 at the
desired relative angular positions.
[0156] More specifically, the operation of each actuator
53 causes the rotation of the associated drive pulley 52
by a given angle about the associated axis F. In conse-
quence, the associated belt 50 advances by a given
amount along the path P.
[0157] The associated driven pulley 54 also rotates by
a given angle about axis A, G causing the additional ro-
tation of the associated support assembly 41, 42 and the
associated masses 10, 11 by a given angle about axis A
with respect to the auxiliary shafts 16, 17.
[0158] With particular reference to Figures 5, 6, 7a and
7b, reference numeral 7’ indicates an attenuating device
(only partially shown) according to a second embodiment
of the present invention.
[0159] 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.
[0160] In particular, each drive unit 51’a, 51’b differs
from drive unit 51 in that it comprises:

- an associated support belt 60’a, 60’b carrying the
respective mass 10, 11 and movable along a respec-
tive closed path Q’;
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- an associated coupling pulley 59’a, 59’b angularly
integral with the respective driven pulley 54’a, 54’b
and around which the support belt 60’a, 60’b is
wound; and

- a return pulley 65’a, 65’b around which the support
belt 60’a, 60’b is wound.

[0161] In particular, the driven pulleys 54’a, 54’b are
rotatable about respective axes H’ and I’ with respect to
the base support 45. In the case shown, the axes H’ and
I’ are radially external to axis A and angularly spaced by
one hundred and eighty degrees with respect to axis A.
[0162] Referring to drive unit 51’a, the coupling pulley
59’a is rotatable about axis I’ and the return pulley 65’a
is rotatable about axis H’ (Figure 7b).
[0163] Referring to drive unit 51’b, the coupling pulley
59’b is rotatable about axis H’ and the return pulley 65’b
is rotatable about axis I’.
[0164] Each control unit 40’ also comprises a pair of
pins 70’, 71’ projecting in a cantilever fashion from the
base 45 along respective axes H’, I’ and angularly integral
with driven pulleys 54’a, 54’b, respectively.
[0165] The coupling pulleys 59’a, 59’b are fitted on and
angularly integral with pins 71’, 70’, respectively.
[0166] The return pulleys 60’a, 60’b are mounted in an
idle manner on pins 70’, 71’, respectively.
[0167] The pulleys 59’a, 65’a and belt 60’a are axially
spaced from the respective pulleys 65’b, 59’b and to belt
60’b.
[0168] Preferably, the coupling pulley 59’a, 59’b is co-
axial with the respective driven pulley 54’a, 54’b, and is
therefore rotatable about the associated axis F of the
respective driven pulley 54’a, 54’b.
[0169] Preferably, each support belt 60’a, 60’b com-
prises a respective toothing 61’ meshing with a toothing
(not shown) of the respective coupling pulley 59’a, 59’b
and the respective return pulley 65’a, 65’b.
[0170] In the case shown, the support belts 60’a, 60’b
have respective profiles lying on a plane orthogonal to
axes A. Furthermore, the support belts 60’a, 60’b of the
same mass unit 8, 9 are parallel to each other and have
respective advancement paths Q’ parallel to and com-
pletely superimposed on each other in a section orthog-
onal to axis A.
[0171] Each support assembly 41’ and 42’ also com-
prises a plurality of tensioning rollers 62’, ten in the case
shown, adapted to control the tension of the support belt
60’a, 60’b and to define the respective advancement path
Q’.
[0172] Preferably, the tensioning rollers 62’ are spaced
angularly equidistant around axis A.
[0173] Preferably, each support assembly 41’ and the
respective support assembly 42’ share the same tension-
ing rollers 62’.
[0174] Furthermore, each tensioning roller 62’ is ar-
ranged on the respective base support 45, in particular
at a peripheral portion of the respective base support 45.
[0175] Each support assembly 41’ and 42’ also com-

prises (Figure 6) a respective coupling element 63’ con-
nected integrally with the respective support belt 60’ and
carrying the respective first mass 10, 11. In particular,
the respective coupling element 63’ is connected to the
respective support belt 60’a, 60’b, so that advancement
of the respective support belt 60’a, 60’b along the path
Q’ causes rotation of the respective mass 10, 11 about
axis A.
[0176] Preferably, each coupling element 63’ is con-
nected to the respective support belt 60’a, 60’b and is
adapted to enable the radial sliding of the respective
mass 10, 11, so as to enable contact between the wheels
46 and the inner surface of the shell 12.
[0177] Each coupling element 63’ also comprises a
plate 64’ connected to the respective support belt 60’a,
60’b at two fastening points and is radially deformable
due to the centrifugal forces, so as to enable a radial
movement of the respective mass 10, 11.
[0178] The functioning of the rotor 3’ comprising the
actuating device 7’ is similar to the operation of rotor 3
with actuating device 7 and is only described with regard
to what differentiates it from the latter.
[0179] In particular, the operation of actuating device
7’ of rotor 3’ differs from the operation of actuating device
7 of rotor 3 for the way of controlling the angle between
the masses 10, 11 by means of the respective control
units 40’.
[0180] In greater detail, rotation of the driven pulleys
54’a and 54’b by given angles about the associated axes
F causes rotation by given angles of the respective cou-
pling pulleys 59’a, 59’b about the same respective axes
I’, H’.
[0181] Rotation of the coupling pulleys 59’a, 59’b also
causes advancement of the support belt 60’a, 60’b for a
given arc along the path Q’.
[0182] This advancement, in turn, causes rotation of
the coupling elements 63’ and consequently of the plates
64’ and the associated masses 10, 11.
[0183] In this way, the angle between the masses 10,
11 of each mass unit 8, 9 is adjusted.
[0184] With particular reference to Figure 8, reference
numeral 3" indicates a rotor with an attenuating device
7" (only partially shown) according to a third embodiment
of the present invention.
[0185] 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.
[0186] In particular, attenuating device 7" differs from
attenuating device 7’ in that the respective support belts
60" of the mass units 8 and 9 are not completely but only
partially superimposed on each other and have respec-
tive sections staggered from one another parallel to axis
A.
[0187] In particular, the respective support assemblies
41’ and 42’ do not share all the same tensioning rollers
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62".
[0188] The operation of rotor 3" comprising actuating
device 7" is similar to the operation of rotor 3’ with actu-
ating device 7’ and is therefore not described in detail.
[0189] From an examination of the characteristics of
the rotor 3, 3’, 3" according to the present invention, the
advantages that can be achieved therewith are evident.
[0190] In particular, each control unit 40, 40’ comprises
a belt 50, 50’ connected to the support assembly 41, 41’
and a drive unit 51, 51’; 51’a, 51’b connected to the as-
sociated belt 50, 50’. The operation of each drive unit 51,
51’; 51’a, 51’b causes movement of the associated belt
50, 50’ and the consequent rotation of the masses 10,
11 about axis A.
[0191] In consequence, the control units 40, 40’ are
able to control the angle between the respective masses
10 and 11 of the respective mass units 8, 9 in a particularly
flexible and responsive manner.
[0192] This occurs since each belt 50 enables rotating
the masses 10, 11 in both directions of rotation about
axis A.
[0193] In this way, unlike the known solutions de-
scribed in the introductory part of this description, it is
possible to rotate masses 10, 11 in the direction that en-
ables reaching the desired angle between the masses
10, 11 of each mass unit 8, 9 more quickly, significantly
improving the responsiveness characteristics of the at-
tenuating device 7, 7’, 7". This is particularly advanta-
geous in the case of sudden changes in the directions of
flexural vibrations generated by the mast 150.
[0194] The presence of a belt transmission between
each unit 51, 51’a and 51’b and the associated mass 10,
11 enables raising the precision in adjusting the angle
between the masses 10, 11.
[0195] A further advantage lies in the fact that the at-
tenuating devices 7, 7’, 7" have limited axial extensions,
due to the fact that:

- the masses 10, 11 of the mass units 8, 9 are axially
interposed between the actuators 53 of the mass
units 8, 9; and

- the first epicyclic train comprises portions in common
with the second epicyclic train.

[0196] Lastly, due to the fact that the belts 50, 50’ and
the drive pulleys 52 are coupled in a reversible manner,
the masses 10, 11 of the mass units 8, 9 do not remain
blocked in the event of failure of the associated actuator
53.
[0197] 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).
[0198] Finally, it is clear that modifications and variants
can be made regarding the rotor 3, 3’, 3" described and
illustrated herein without departing from the scope de-
fined by the claims. In particular, the control units 40 could
cause the additional rotation of just the support assem-
blies 41, 41’ (42, 42’) and just masses 10 (11) about axis

A with respect to the associated auxiliary shafts 16, 17.
In this condition, the support assemblies 42, 42’ (41, 41’)
and masses 11 (10) would rotate integrally with the as-
sociated auxiliary shafts 16 and 17.
[0199] Each mass 10 and 11 could comprise a single
wheel 46.
[0200] The rotor 3, 3’, 3’’ could be used in a converti-
plane instead of in a helicopter 1.
[0201] Finally, the rotor according to the present inven-
tion could be the tail rotor of the helicopter 1 instead of
the main rotor 3, 3’, 3".

Claims

1. A rotor (3, 3’, 3") for a hover-capable aircraft (1),
comprising:

- a hub (4) rotatable about a first axis (A) and
comprising a plurality of blades (5);
- a mast (150) 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’, 7") configured to
attenuate a transmission of vibrations from the
mast (150) in a plane orthogonal to the first axis
(A); and
- a transmission device (15) configured to trans-
fer, in use, a rotation of the mast (150) about the
first axis (A) to the attenuating device (7, 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 and second masses (10, 11; 11, 10) of the
first and second mass units (8, 9; 9, 8) being rotatable
about the first axis (A) and being operatively con-
nected to the mast (150) so as to respectively gen-
erate a first centrifugal force and a second centrifugal
force on the mast (150) having respective main com-
ponents 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)*Ω; (N+1)*Ω)) and a second rotational speed
((N+1)*Ω; (N-1)*Ω) with respect to the mast (150)
and in opposite directions to each other; wherein the
attenuating device (7, 7’, 7") further comprises two
control units (40, 40’), one operatively connected 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
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the transmission device (15) and selectively 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) and second mass
unit (9; 8) comprises a respective first support as-
sembly (41, 41’; 42, 42’) carrying the respective first
mass (10; 11) and a respective second support as-
sembly (42, 42’; 41, 41’) carrying the respective sec-
ond mass (11; 10);
wherein each control unit (40, 40’) is operatively cou-
pled to at least the respective first support assembly
(41, 42; 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 corre-
sponding first and second mass units (8, 9; 9, 8);
characterized in that each control unit (40, 40’)
comprises:

- a belt (50; 50’) operatively coupled to the first
support assembly (41, 41’; 42, 42’) and movable
along a given path (P); and
- a drive unit (51, 51’) operatively coupled to the
first belt (50; 50’) and configured to cause a
movement of the first belt (50; 50’) along at least
a portion of the given path (P) and cause the
additional rotation of the first support assembly
(41, 41’; 42, 42’) with respect to said transmis-
sion device (15) about said first axis (A).

2. The rotor according to claim 1, wherein each first
and second mass (10, 11; 11, 10) is coupled to the
respective first support assembly (41, 42; 41’, 42’)
in a radially movable manner so as to be, in use,
pushed against an internal wall of the attenuating
device (7, 7’, 7").

3. The rotor according to claim 1 or 2, wherein each
first unit (51, 51’a, 51’b) comprises:

- a drive pulley (52) rotatable about a respective
second rotation axis (F);
- an actuator (53), which is operatively connect-
ed to the drive pulley (52) and is operable to
cause the rotation of the first drive pulley (52)
about the respective second rotation axis (F);
and
- a driven pulley (54; 54’a, 54’b) rotatable about
a respective third rotation axis (G; H’, I’) and op-
eratively connected to the respective first sup-
port assembly (41, 41’); wherein the respective
first belt (50: 50’) is wound around the respective
drive pulley (52) and around the respective driv-
en pulley (54; 54’a, 54’b), so as to be slidable
along at least a portion of the respective given
path (P) following rotation of the respective drive
pulley (52) about the respective second axis (F)

and to cause, in use, the rotation of the driven
pulley (54; 54’a, 54’b) about the respective third
axis (G; H’, I’) so as to obtain the rotation of the
first support assembly (41, 41’).

4. The rotor according to claim 3, wherein the first and
second masses (10) of the first and second mass
units (8, 9) are axially interposed between the asso-
ciated actuators (53) and/or are arranged radially ex-
ternal with respect to the associated actuators (53).

5. The rotor according to claim 3 or 4, wherein each
actuator (53) comprises an output shaft (55) opera-
tively connected to the respective drive pulley (52)
and rotatable about a respective second axis (F).

6. The rotor according to any one of the claims from 3
to 5, wherein each of the first mass unit (8, 9) and
the second mass unit (9, 8) comprises a respective
base support (45) rotatable about the first axis (A)
and operatively connected to the transmission de-
vice (15) to be, in use, driven in rotation about the
first axis (A) with the first and second rotational
speeds ((N-1)*Ω; (N+1)*Ω); ((N-1)*Ω; (N+1)*Ω), re-
spectively; wherein the respective first support as-
sembly (41, 41’) is connected in a rotatable manner
to the respective base support (45) on a first side of
the respective base support (45) and the respective
actuator (53) is integrally connected to the respective
base support (45) at a second side of the respective
base support (45) axially opposite to the first side
with reference to said first axis (A).

7. The rotor according to any one of the claims from 3
to 6, wherein each first support assembly (41) com-
prises a respective arm (43) carrying the respective
first mass (10); wherein the respective arm (43) is
coupled in an angularly integral manner with the re-
spective driven pulley (54).

8. The rotor according to claim 7, wherein the first mass
(10) comprises at least:

- at least one wheel (46); and
- a coupling element (47) carrying the respective
wheel (46) and coupled to the respective arm
(43);

wherein the first wheel (46) is coupled in a radially
movable manner to the respective coupling element
(47) and/or the respective coupling element (47) is
coupled in a radially movable manner to the respec-
tive arm (43).

9. The rotor according to any one of the claims from 3
to 8, wherein the third axis (G) is coincident with the
first axis (A).
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10. The rotor according to one of the claims from 3 to 6,
wherein each first support assembly (41’, 42’) com-
prises a respective support belt (60’a, 60’b) carrying
the respective first mass (10, 11), movable along a
further closed advancement path (Q’), and opera-
tively coupled to the respective driven pulley (54’a,
54’b) so as to be movable along the respective fur-
ther advancement path (Q’) following the rotation of
the respective driven pulley (54’a, 54’b).

11. The rotor according to claim 10, wherein each drive
unit (51’) comprises:

- a respective coupling pulley (59’a, 59’b) inte-
grally rotatable with the respective driven pulley
(54’a, 54’b), operatively connected to the re-
spective first or second support assembly (41’,
42’), and around which the associated support
belt (60’a, 60’b) is wound; and
- a respective return pulley (64’a, 64’b) around
which the associated support belt (60’a, 60’b) is
wound;

the coupling pulley (59’a, 59’b) of each drive unit
(51’) being coaxial with the return pulley (64’b, 64’a)
of the other drive unit (51).

12. The rotor according to claim 10 or 11, wherein each
first support assembly (41’; 42’) comprises a cou-
pling element (63’) integrally connected with the re-
spective support belt (60’a, 60’b) and carrying the
respective first mass (10, 11).

13. The rotor according to claim 12, wherein the coupling
element (63’) comprises a plate (64’) connected to
the respective support belt (60’) and deformable in
a direction radial to the first axis (A).

14. The rotor according to any one of the preceding
claims, wherein both the first support assembly (41,
41’; 42, 42’) and the second support assembly (42,
42’; 41, 41’) of the first and second mass units (8, 9;
9, 8) are rotatable about the first axis (A) with respect
to the transmission device (15); each control unit (40)
also being operatively coupled to the respective sec-
ond support assembly (42, 41; 42’, 41’), to cause its
rotation about said first axis (A).

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

- a first auxiliary shaft (16) angularly integral with
the first mass unit (8) and rotatable about the
first axis (A);
- a second auxiliary shaft (17) angularly integral
with the second mass unit (9) and rotatable
about the first axis (A); and

- a transformation unit (18) functionally coupled
to the mast (150) and to the first and second
auxiliary shafts (16, 17) and configured to re-
ceive motion from the mast (150) and transfer
the motion 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)*Ω) in the same direction of rotation
as the mast and with the second rotational speed
((N+1)*Ω) in the opposite direction to the direc-
tion of rotation to the mast (150), respectively;

wherein the first rotational speed is equal to ((N-
1)*Ω) and the second rotational speed is equal to
((N+1)*Ω), where N is the number of blades (5) and
Ω is the rotational speed of the mast, in a reference
system integral with the fuselage (2); wherein the
first mass unit (8) is rotatable in the same direction
as the mast; and
wherein the second mass unit (9) is rotatable in the
opposite direction to the mast (150);
and/or in which the transmission device (15) com-
prises:

- a first epicyclic train functionally interposed be-
tween the mast (150) and the first auxiliary shaft
(16); and
- a second epicyclic train functionally interposed
between the mast (150) and the second auxiliary
shaft (17);
the first epicyclic train comprising a portion in
common with the second epicyclic train.

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

1. A rotor (3, 3’, 3’’) for a hover-capable aircraft (1),
comprising:

- a hub (4) rotatable about a first axis (A) and
comprising a plurality of blades (5);
- a mast (150) 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’, 7’’) configured to
attenuate a transmission of vibrations from the
mast (150) in a plane orthogonal to the first axis
(A); and
- a transmission device (15) configured to trans-
fer, in use, a rotation of the mast (150) about the
first axis (A) to the attenuating device (7, 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
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unit (9, 8) comprising at least a first mass (10, 11)
and a second mass (11, 10);
the first and second masses (10, 11; 11, 10) of the
first and second mass units (8, 9; 9, 8) being rotatable
about the first axis (A) and being operatively con-
nected to the mast (150) so as to respectively gen-
erate a first centrifugal force and a second centrifugal
force on the mast (150) having respective main com-
ponents 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)∗Ω; (N+1)∗Ω)) and a second rotational speed
((N+1)∗Ω; (N-1)∗Ω) with respect to the mast (150)
and in opposite directions to each other;
wherein the attenuating device (7, 7’, 7’’) further com-
prises two control units (40, 40’), one operatively
connected 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) and second mass
unit (9; 8) comprises a respective first support as-
sembly (41, 41’; 42, 42’) carrying the respective first
mass (10; 11) and a respective second support as-
sembly (42, 42’; 41, 41’) carrying the respective sec-
ond mass (11; 10);
wherein each control unit (40, 40’) is operatively cou-
pled to at least the respective first support assembly
(41, 42; 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 corre-
sponding first and second mass units (8, 9; 9, 8);
characterized in that each control unit (40, 40’)
comprises:

- a belt (50; 50’) operatively coupled to the first
support assembly (41, 41’; 42, 42’) and movable
along a given path (P); and
- a drive unit (51, 51’) operatively coupled to the
first belt (50; 50’) and configured to cause a
movement of the first belt (50; 50’) along at least
a portion of the given path (P) and cause the
additional rotation of the first support assembly
(41, 41’; 42, 42’) with respect to said transmis-
sion device (15) about said first axis (A).

2. The rotor according to claim 1, wherein each first
and second mass (10, 11; 11, 10) is coupled to the
respective first support assembly (41, 42; 41’, 42’)
in a radially movable manner so as to be, in use,

pushed against an internal wall of the attenuating
device (7, 7’, 7").

3. The rotor according to claim 1 or 2, wherein each
drive unit (51, 51’a, 51’b) comprises:

- a drive pulley (52) rotatable about a respective
second rotation axis (F);
- an actuator (53), which is operatively connect-
ed to the drive pulley (52) and is operable to
cause the rotation of the first drive pulley (52)
about the respective second rotation axis (F);
and
- a driven pulley (54; 54’a, 54’b) rotatable about
a respective third rotation axis (G; H’, I’) and op-
eratively connected to the respective first sup-
port assembly (41, 41’);

wherein the respective first belt (50: 50’) is wound
around the respective drive pulley (52) and around
the respective driven pulley (54; 54’a, 54’b), so as
to be slidable along at least a portion of the respective
given path (P) following rotation of the respective
drive pulley (52) about the respective second axis
(F) and to cause, in use, the rotation of the driven
pulley (54; 54’a, 54’b) about the respective third axis
(G; H’, I’) so as to obtain the rotation of the first sup-
port assembly (41, 41’).

4. The rotor according to claim 3, wherein the first
and second masses (10) of the first and second mass
units (8, 9) are axially interposed between the asso-
ciated actuators (53) and/or are arranged radially ex-
ternal with respect to the associated actuators (53).

5. The rotor according to claim 3 or 4, wherein each
actuator (53) comprises an output shaft (55) opera-
tively connected to the respective drive pulley (52)
and rotatable about a respective second axis (F).

6. The rotor according to any one of the claims from
3 to 5,
wherein each of the first mass unit (8, 9) and the
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)∗Ω; (N+1)∗Ω); ((N-1)∗Ω; (N+1)∗Ω), respective-
ly;
wherein the respective first support assembly (41,
41’) is connected in a rotatable manner to the re-
spective base support (45) on a first side of the re-
spective base support (45) and the respective actu-
ator (53) is integrally connected to the respective
base support (45) at a second side of the respective
base support (45) axially opposite to the first side
with reference to said first axis (A).
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7. The rotor according to any one of the claims from
3 to 6,
wherein each first support assembly (41) comprises
a respective arm (43) carrying the respective first
mass (10);
wherein the respective arm (43) is coupled in an an-
gularly integral manner with the respective driven
pulley (54).

8. The rotor according to claim 7, wherein the first
mass (10) comprises at least:

- at least one wheel (46); and
- a coupling element (47) carrying the respective
wheel (46) and coupled to the respective arm
(43);

wherein the first wheel (46) is coupled in a radially
movable manner to the respective coupling element
(47) and/or the respective coupling element (47) is
coupled in a radially movable manner to the respec-
tive arm (43).

9. The rotor according to any one of the claims from
3 to 8,
wherein the third axis (G) is coincident with the first
axis (A) .

10. The rotor according to one of the claims from 3
to 6,
wherein each first support assembly (41’, 42’) com-
prises a respective support belt (60’a, 60’b) carrying
the respective first mass (10, 11), movable along a
further closed advancement path (Q’), and opera-
tively coupled to the respective driven pulley (54’a,
54’b) so as to be movable along the respective fur-
ther advancement path (Q’) following the rotation of
the respective driven pulley (54’a, 54’b).

11. The rotor according to claim 10, wherein each
drive unit (51’) comprises:

- a respective coupling pulley (59’a, 59’b) inte-
grally rotatable with the respective driven pulley
(54’a, 54’b), operatively connected to the re-
spective first or second support assembly (41’,
42’), and around which the associated support
belt (60’a, 60’b) is wound; and
- a respective return pulley (64’a, 64’b) around
which the associated support belt (60’a, 60’b) is
wound;

the coupling pulley (59’a, 59’b) of each drive unit
(51’) being coaxial with the return pulley (64’b, 64’a)
of the other drive unit (51).

12. The rotor according to claim 10 or 11, wherein
each first support assembly (41’; 42’) comprises a

coupling element (63’) integrally connected with the
respective support belt (60’a, 60’b) and carrying the
respective first mass (10, 11).

13. The rotor according to claim 12, wherein the cou-
pling element (63’) comprises a plate (64’) connected
to the respective support belt (60’) and deformable
in a direction radial to the first axis (A).

14. The rotor according to any one of the preceding
claims, wherein both the first support assembly (41,
41’; 42, 42’) and the second support assembly (42,
42’; 41, 41’) of the first and second mass units (8, 9;
9, 8) are rotatable about the first axis (A) with respect
to the transmission device (15);
each control unit (40) also being operatively coupled
to the respective second support assembly (42, 41;
42’, 41’), to cause its rotation about said first axis (A).

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

- a first auxiliary shaft (16) angularly integral with
the first mass unit (8) and rotatable about the
first axis (A);
- a second auxiliary shaft (17) angularly integral
with the second mass unit (9) and rotatable
about the first axis (A); and
- a transformation unit (18) functionally coupled
to the mast (150) and to the first and second
auxiliary shafts (16, 17) and configured to re-
ceive motion from the mast (150) and transfer
the motion 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)∗Ω) in the same direction of rotation
as the mast and with the second rotational speed
((N+1)∗Ω) in the opposite direction to the direc-
tion of rotation to the mast (150), respectively;

wherein the first rotational speed is equal to ((N-
1)∗Ω) and the second rotational speed is equal to
((N+1)∗Ω), where N is the number of blades (5) and
Ω is the rotational speed of the mast, in a reference
system integral with the fuselage (2);
wherein the first mass unit (8) is rotatable in the same
direction as the mast; and
wherein the second mass unit (9) is rotatable in the
opposite direction to the mast (150);
and/or in which the transmission device (15) com-
prises:

- a first epicyclic train functionally interposed be-
tween the mast (150) and the first auxiliary shaft
(16); and
- a second epicyclic train functionally interposed
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between the mast (150) and the second auxiliary
shaft (17);

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

1. A rotor (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 (150) 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) configured to atten-
uate a transmission of vibrations from the mast
(150) in a plane orthogonal to the first axis (A);
and
- a transmission device (15) configured to trans-
fer, in use, a rotation of the mast (150) about the
first axis (A) to the attenuating device (7);

wherein the attenuating device (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 and second masses (10, 11; 11, 10) of the
first and second mass units (8, 9; 9, 8) being rotatable
about the first axis (A) and being operatively con-
nected to the mast (150) so as to respectively gen-
erate a first centrifugal force and a second centrifugal
force on the mast (150) having respective main com-
ponents 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)∗Ω; (N+1)∗Ω)) and a second rotational speed
((N+1)∗Ω; (N-1)∗Ω) with respect to the mast (150)
and in opposite directions to each other;
wherein the attenuating device (7) further comprises
two control units (40), one operatively connected 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 selectively 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) and second mass unit (9; 8) comprises
a respective first support assembly (41; 42) carrying
the respective first mass (10; 11) and a respective
second support assembly (42; 41) carrying the re-
spective 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 and second mass units (8, 9; 9, 8); character-
ized in that each control unit (40) comprises:

- a belt (50) operatively coupled to the first sup-
port assembly (41; 42) and movable along a giv-
en path (P); and
- a drive unit (51) operatively coupled to the first
belt (50) and configured to cause a movement
of the first belt (50) along at least a portion of
the given path (P) and cause the additional ro-
tation of the first support assembly (41; 42) with
respect to said transmission device (15) about
said first axis (A);

wherein each drive unit (51) comprises:

- a drive pulley (52) rotatable about a respective
second rotation axis (F);
- an actuator (53), which is operatively connect-
ed to the drive pulley (52) and is operable to
cause the rotation of the first drive pulley (52)
about the respective second rotation axis (F);
and
- a driven pulley (54) rotatable about a respective
third rotation axis (G) and operatively connected
to the respective first support assembly (41);

wherein the respective first belt (50) is wound around
the respective drive pulley (52) and around the re-
spective driven pulley (54), so as to be slidable along
at least a portion of the respective given path (P)
following rotation of the respective drive pulley (52)
about the respective second axis (F) and to cause,
in use, the rotation of the driven pulley (54) about
the respective third axis (G) so as to obtain the ro-
tation of the first support assembly (41);
wherein the third axis (G) is coincident with the first
axis (A) .

2. The rotor according to claim 1, wherein each first
and second mass (10, 11; 11, 10) is coupled to the
respective first support assembly (41, 42) in a radially
movable manner so as to be, in use, pushed against
an internal wall of the attenuating device (7) .

3. The rotor according to claim 1 or 2, wherein the
first and second masses (10) of the first and second
mass units (8, 9) are axially interposed between the
associated actuators (53) and/or are arranged radi-
ally external with respect to the associated actuators
(53).
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4. The rotor according to claim 2 or 3, wherein each
actuator (53) comprises an output shaft (55) opera-
tively connected to the respective drive pulley (52)
and rotatable about a respective second axis (F).

5. The rotor according to any one of the preceding
claims, wherein each of the first mass unit (8, 9) and
the second mass unit (9, 8) comprises a respective
base support (45) rotatable about the first axis (A)
and operatively connected to the transmission de-
vice (15) to be, in use, driven in rotation about the
first axis (A) with the first and second rotational
speeds ((N-1)∗Ω; (N+1)∗Ω); ((N-1)∗Ω; (N+1)∗Ω), re-
spectively;
wherein the respective first support assembly (41)
is connected in a rotatable manner to the respective
base support (45) on a first side of the respective
base support (45) and the respective actuator (53)
is integrally connected to the respective base sup-
port (45) at a second side of the respective base
support (45) axially opposite to the first side with ref-
erence to said first axis (A).

6. The rotor according to any one of the preceding
claims, wherein each first support assembly (41)
comprises a respective arm (43) carrying the respec-
tive first mass (10);
wherein the respective arm (43) is coupled in an an-
gularly integral manner with the respective driven
pulley (54).

7. The rotor according to claim 6, wherein the first
mass (10) comprises at least:

- at least one wheel (46); and
- a coupling element (47) carrying the respective
wheel (46) and coupled to the respective arm
(43);

wherein the first wheel (46) is coupled in a radially
movable manner to the respective coupling element
(47) and/or the respective coupling element (47) is
coupled in a radially movable manner to the respec-
tive arm (43).

8. The rotor according to any one of the preceding
claims, wherein both the first support assembly (41;
42) and the second support assembly (41; 42) of the
first and second mass units (8, 9; 9, 8) are rotatable
about the first axis (A) with respect to the transmis-
sion device (15);
each control unit (40) also being operatively coupled
to the respective second support assembly (41; 42),
to cause its rotation about said first axis (A).

9. The rotor according to any one of the preceding
claims, wherein the transmission unit (15) comprises
at least:

- a first auxiliary shaft (16) angularly integral with
the first mass unit (8) and rotatable about the
first axis (A);
- a second auxiliary shaft (17) angularly integral
with the second mass unit (9) and rotatable
about the first axis (A); and
- a transformation unit (18) functionally coupled
to the mast (150) and to the first and second
auxiliary shafts (16, 17) and configured to re-
ceive motion from the mast (150) and transfer
the motion 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)∗Ω) in the same direction of rotation
as the mast and with the second rotational speed
((N+1)∗Ω) in the opposite direction to the direc-
tion of rotation to the mast (150), respectively;

wherein the first rotational speed is equal to ((N-
1)∗Ω) and the second rotational speed is equal to
((N+1)∗Ω), where N is the number of blades (5) and
Ω is the rotational speed of the mast, in a reference
system integral with the fuselage (2);
wherein the first mass unit (8) is rotatable in the same
direction as the mast; and
wherein the second mass unit (9) is rotatable in the
opposite direction to the mast (150);
and/or in which the transmission device (15) com-
prises:

- a first epicyclic train functionally interposed be-
tween the mast (150) and the first auxiliary shaft
(16); and
- a second epicyclic train functionally interposed
between the mast (150) 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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