wo 20207250063 A1 |0 0000 KO Y00 T 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 December 2020 (17.12.2020)

(10) International Publication Number

WO 2020/250063 A1l

WIPO I PCT

1)

@n

22)

@5
(26)
30)

(71)

(72)

International Patent Classification:

B64C 27/00 (2006.01) FI6F 7/10 (2006.01)
FI16F 15/26 (2006.01) FI6F 7/116 (2006.01)
International Application Number:
PCT/IB2020/054975

International Filing Date:

26 May 2020 (26.05.2020)
Filing Language: English
Publication Language: English
Priority Data:
19180113.3 13 June 2019 (13.06.2019) EP

Applicant: LEONARDO S.P.A. [IT/IT]; Piazza Monte
Grappa, 4, 00195 Roma (IT).

Inventors: COLOMBO, Attilio; c/o Leonardo S.p.A., Di-
visione Elicotteri, Via Giovanni Agusta, 520, Frazione
Cascina Costa, 21017 Samarate (VA) (IT). CAZZULANI,
Gabriele; c/o Leonardo S.p.A., Divisione Elicotteri, Via
Giovanni Agusta, 520, Frazione Cascina Costa, 21017 Sa-
marate (VA) (IT). CINQUEMANI, Simone; c/o0 Leonar-
do S.p.A., Divisione Elicotteri, Via Giovanni Agusta, 520,
Frazione Cascina Costa, 21017 Samarate (VA) (IT). RES-
TA, Ferruccio; c/o Leonardo S.p.A., Divisione Elicotteri,

(74)

@81)

84

Via Giovanni Agusta, 520, Frazione Cascina Costa, 21017
Samarate (VA) (IT). BRAGHIN, Francesco; c¢/o Leonar-
do S.p.A., Divisione Elicotteri, Via Giovanni Agusta, 520,
Frazione Cascina Costa, 21017 Samarate (VA) (IT).

Agent: DI SCIUVA, Michele et al.; c/o Studio Torta
S.p.A., Via Viotti, 9, 10121 Torino (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

4

Title: ROTOR FOR A HOVER-CAPABLE AIRCRAFT

(57) Abstract: A rotor (3) for a hover-capable aircraft (1) is described that comprises: a hub

(5) rotating about an axis (A) and, in turn, comprising a plurality of blades (9), a mast (6)
connectable to a power unit of the aircraft (1) and operatively connected to the hub (5) to
drive the hub (5) in rotation about said axis (A), and an attenuating device (15) to attenuate
the transmission of vibrations from the mast (6) to the aircraft (1) parallel to said (A), the
attenuating device (15), in turn, comprising a casing (20), a first mass (21) free to oscillate
parallel to said axis (A) with respect to the casing (20) and elastically connected to the casing
(20), a second mass (25) free to oscillate parallel to said axis (A), connection means (30)
adapted to make the first and second masses (21, 25) integrally movable along said axis (A)
when the angular speed (€2) of the mast (6) assumes a first value (1), and actuator means
(35) activatable to decouple the first and second masses (21, 25) when the angular speed (Q)
of the mast (6) assumes a second value (Q2), different from the first value (Q1).

[Continued on next page]



WO 2020/250063 A1 |00} 00P 00 00O AT Y00

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE



10

15

20

25

30

35

WO 2020/250063 PCT/IB2020/054975

“ROTOR FOR A HOVER-CAPABLE AIRCRAFT”

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from European patent
application no. 19180113.3 filed on 13/06/2019, the entire

disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a rotor for a hover-capable
aircraft, such as, for example, a helicopter, a convertiplane

or a compound helicopter.

In particular, the present invention relates to a rotor for a

helicopter.

BACKGROUND ART

Helicopters are known to basically comprise a fuselage, a main
rotor positioned on the top of the fuselage and rotatable
about its own axis, and a tail rotor located at the end of the

fuselage.

In greater detail, each main or tail rotor, in turn, basically
comprises:

- a power unit;

- a hub rotatable about the aforesaid axis and equipped with a
plurality of blades radially fastened to and projecting from
the aforesaid hub; and

- a mast connected to a power unit and operatively connected

to the hub to drive it in rotation.

Furthermore, each main rotor comprises a transmission wunit
interposed between the power unit and the mast and provided
with a support box stationary with respect to the mast’s axis

of rotation and constrained to the helicopter’s fuselage.

In particular, the transmission unit support box is
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constrained to the fuselage by a plurality of rods that are
oblique with respect to the mast’s axis of rotation and a beam

known in the industry as an “anti-torgque beam”.

Operation of the main rotor represents the most significant
source of vibration transmitted to the helicopter, essentially
due to the cyclic variation in the aerodynamic load acting on
each blade.

In fact, during each complete rotation of the mast, each blade
of the main rotor 1is subjected, in the rotating reference
system, to periodic loads at frequencies Q and its multiples
(2*Q, 3*Q, etc.), where Q is the rotational speed of the mast.
In turn, the loads to which the blade 1is subjected induce

variable inertial and structural loads that are also periodic.

More specifically, the aforementioned loads cause forces and
moments that wvary 1in time, which are transmitted to the
fuselage through the hub and the support structure of the main
rotor, deteriorating the comfort of the occupants in the

fuselage.

The vibratory loads act on the hub and the mast both axially

and orthogonally to the mast’s axis of rotation.

Within the industry, it 1s known that axial vibratory loads
acting on the blade of the rotor are only transmitted to the
hub and, consequently, to the fuselage, with angular
frequencies of N*Q and relative multiples thereof, where Q is
the rotational speed of the mast and N represents the number

of blades of the rotor.

Contrariwise, for vibratory 1loads orthogonal to the mast’s
axis of rotation in the rotating system, only the harmonics
with angular frequencies of (N+1)*Q, (N-1)*Q and multiples

thereof are transmitted to the stationary system through the
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hub, but they are also received by the hub and, consequently,
perceived on the fuselage with angular frequencies N*Q and

related multiples 2*N*Q, 3*N*Q etc.

From the foregoing, there is a clearly felt need within the
industry for 1limiting transmission from the mast to the
fuselage of vibrations with the aforementioned angular
frequency, equal to the product of the rotational speed of the
mast and the number of blades of the rotor, i.e. N*Q, which is

by far the harmonic with the greatest amplitude.

For this purpose, there are known passive and active
attenuating devices, which are adapted to attenuate the

transmission of vibrations to the fuselage.

Active attenuating devices are substantially actuators that
exert a harmonic force on the hub or the mast that counters

the force generating the vibrations.

An example of these active attenuating devices is illustrated
in patent application EP-A-2857313, in the name of the same
applicant.

This patent application describes the wuse of a pair of
actuators operatively connected to the mast and controllable
so as to generate respective counter forces on the mast having
components 1in the plane orthogonal to the mast’s axis of

rotation.

Further examples of active attenuating devices are described
in patent application US-A-2016/0325828 and in patent US-B-
8,435,200.

In addition, US-A1-2013/0011260 describes a vibration
reduction device including: an elastic body; a dynamic mass;

and a controllable mass. The dynamic mass is supported by an
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object of vibration reduction through the elastic body. The
actuator causes the controllable mass to move with respect to
the dynamic mass. Such a vibration reduction device can vary
the frequency and the amplitude at which the dynamic mass
vibrates with respect to the object of vibration reduction by
causing the controllable mass to move appropriately with
respect to the dynamic mass, thereby enabling the vibration of
the object of vibration reduction to be reduced more reliably.
In addition, such a wvibration reduction device can reduce
vibration of a certain frequency of the object of vibration
reduction even when the controllable mass 1s fixed with

respect to the dynamic mass.

Active attenuating devices have the advantage of being able to
alter their characteristics according to changes in the

vibratory conditions of the hub and the mast.

Passive attenuating devices basically comprise resonating
systems equipped with masses suspended from the mast or the
hub by an elastic system. The vibration of these suspended
masses enables at least partially attenuating the transmission
of vibrations to the fuselage. These attenuating devices are
normally tuned to a precise vibration frequency to Dbe
attenuated, by opportunely selecting the wvalue of the

suspended mass and the stiffness of the elastic system.

In some types of helicopters, it is possible to selectively
vary the angular speed of rotation of the mast between:

- a first nominal value, which 1s employed under normal
operating conditions of the helicopter; and

- a second value greater than the first wvalue, which 1is
employed under particular operating conditions of the

helicopter.

By way of example, the second wvalue i1s equal to 102% of the

first wvalue.
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This change in angular speed shifts the angular frequency of
the wvibratory loads transmitted to the fuselage, making
passive resonant absorbers, which are only efficient in a very
narrow frequency range centred on the resonant frequency,

partially ineffective.

This happens because passive absorbers are normally tuned to
the first nominal angular speed value of the mast and are
therefore not entirely optimized for attenuating the
transmission of wvibrations to the fuselage when the mast

rotates at the second angular speed.

There 1s awareness in the industry of the need to attenuate
the transmission of axial vibrations to the fuselage in an
optimal manner at both the first angular speed and the second
angular speed of the mast, as well as at further angular
speeds, whilst at the same time preserving the constructional

and implementational simplicity of passive absorbers.

DISCLOSURE OF INVENTION

The object of the present invention 1is to provide a rotor for
a hover-capable alrcraft that allows satisfying the

aforementioned need in a simple and inexpensive manner.
The aforesaid object is achieved by the present invention, in
so far as 1t relates to a rotor for a hover-capable aircraft

as defined in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, a
preferred embodiment is described below, purely by way of non-
limitative example and with reference to the accompanying

drawings, in which:

- Figure 1 1is a frontal view of a helicopter comprising a
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rotor according to an embodiment of the present invention,
with parts not completely represented for the sake of clarity;
- Figure 2 is a frontal view, on an enlarged scale, of a
transmission casing of the rotor in Figure 1;

- Figure 3 shows, on an enlarged scale, the attenuating device
in Figure 2; and

- Figures 4 and 5 show, on a further enlarged scale, the
attenuating device in Figures 2 and 3 in respective operating
configurations employed when the angular speed of a mast of
the rotor assumes, respectively, a first and a second value

different from each other.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to Figure 1, reference numeral 1 indicates a hover-
capable aircraft, in particular a helicopter, basically
comprising a fuselage 2, a main rotor 3 positioned on the top
of the fuselage 2 and rotating about an axis A, and a tail
rotor 4 located at an end of the fuselage 2 and rotating about

an axis of its own, transversal to axis A.

In greater detail, the rotor 3 comprises a hollow hub 5, with
axis A, carrying a plurality of cantilever-mounted blades 9,

which extend radially to axis A.

Referring to Figure 2, the rotor 3 also comprises a mast 6,
rotating about axis A with an angular speed Q with respect to
a reference system integral with the fuselage 2, angularly
integral with the hub 5, and coupled, in a manner not shown,
to a power unit, for example a turbine, carried by the

helicopter 1.

The rotor 3 also comprises a transmission unit 7 adapted to

transmit motive power from the power unit to the mast 6.

In detail, the transmission unit 7 comprises, in particular, a

stator 8 that is stationary with respect to axis A.
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The stator 8 is connected to the fuselage 2 in a known manner,
for example by an anti-torque beam and a plurality of rods

inclined with respect to axis A.

Furthermore, the power unit 1is selectively controllable so as
to drive the mast 6, the hub 5 and the blades 9 in rotation
about axis A:

- with an angular speed Q equal to a nominal wvalue Q1, in
normal operating conditions of the helicopter 1; or

- with an angular speed Q equal to a value Q2 different from
the nominal wvalue Ql1, 1in particular operating conditions of

the helicopter 1.

In the case shown, value Q2 is greater than nominal wvalue Q1.
More specifically, angular speed Q2 1s equal to approximately

102% of angular speed Q1.

The mast 6 1s partly housed inside the hub 5 and is angularly
integral with the hub 5 (Figure 2).

In particular, the mast 6 is hollow.

The rotor 3 also comprises a vibration attenuating device 15
to attenuate the transmission of vibrations to the fuselage 2
parallel to axis A. In other words, the attenuating device 15

attenuates axial vibrations on the mast 6.

In the case shown, the attenuating device 15 is passive and is

reconfigurable.

The attenuating device 15 is also coaxial to axis A.

The attenuating device 15 basically comprises (Figures 3 to

5):

- a casing 20 extending along axis A;
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- a mass 21 slidable inside the casing 20 parallel to axis A;
and

- elastic means 22 to support the mass 21 in a sliding manner
along axis A inside the casing 20.

The elastic means 22 are interposed between the casing 20 and
the mass 21 and have an overall stiffness k parallel to axis
A,

More specifically, the casing 20 comprises:

- a pair of axial end walls 50 and 51 substantially orthogonal
to axis A; and

- a cylindrical wall 52 extending between walls 50 and b51.

The elastic means 22 comprise a pair of springs 23 interposed,
at respective mutually opposite axial sides of the mass 21,

between the mass 21 and the casing 20.

In the case shown, the springs 23 are helical springs 1in a
“parallel” configuration, i.e. they are subjected to the same
deformation during oscillatory motion. It follows that each

spring 23 has a stiffness equal to k/2.

One of the springs 23 1is interposed between the mass 21 and
wall 50 of the casing 20 and the other spring 23 is interposed
between the mass 21 and wall 51 of the casing 20.

Advantageously, the attenuating device 15 also comprises:

- a further mass 25, also sliding inside the casing 20
parallel to axis A;

- a connection element 30, which makes the masses 21 and 25
integrally movable along axis A when the angular speed Q of
the mast 6 assumes value Q1 and

- an actuator 35, activatable to decouple the masses 21 and
25, with respect to translation along axis A, when the angular

speed Q of the mast 6 assumes value Q2.

In the case shown, the casing 20 is connected to the stator 8.
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Alternatively, the casing 20 is housed inside the mast 6, as
indicated by the dashed line in Figure 2. In this embodiment,
the attenuating device 15 also comprises a slip-ring adapted
to connect a power source positioned on board the fuselage 2
to the actuator 35.

When the angular speed Q@ of the mast 6 assumes value Q1, the
attenuating device 15 Dbehaves 1like a tuned mass absorber
having mass equal to the sum of masses 21 and 25 and stiffness
k along axis A. These mass and stiffness values are determined
in such a way that the attenuating device 15 is tuned to an
angular frequency equal to Q1 and therefore attenuates the
transmission of vibrations along axis A with this angular

frequency Q1 to the fuselage 2.

Contrariwise, when the angular speed Q of the mast 6 assumes
value Q2, the attenuating device 15 behaves like a tuned mass
absorber having mass equal to mass 21 and stiffness k along
axis A. These mass and stiffness values are determined in such
a way that the attenuating device 15 is tuned to an angular
frequency equal to Q2 and therefore attenuates the
transmission of vibrations along axis A with this angular

frequency Q2 to the fuselage 2.
In greater detail, the connection element 30 is magnetic. More
specifically, the masses 21 and 25 are made of a magnetizable

material, preferably ferromagnetic.

The connection element 30 1is a permanent magnet fastened to

mass 21.

In the case shown, the connection element 30 is configured to

generate a first magnetic field oriented parallel to axis A.

The connection element 30 also comprises a pair of discs 31
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and 32 coaxial with respect to axis A and fastened to mass 21.

The discs 31 and 32 define respective mutually opposite poles

of the permanent magnet.

Mass 21 comprises (Figures 4 and 5) an axial end 26 arranged
on the side near wall 50, receiving the connection element 30
in a stationary manner and defining a shoulder 34, with a

truncated-cone shape in the case shown.

Mass 25 comprises an axial end 24 opposite to wall 50 and

facing axial end 26 of mass 21.

More specifically, axial end 24 comprises:

- a shoulder 28 adapted to abut against shoulder 34 when the
angular speed Q of the mast 6 is equal to value Ql1; and

- a shoulder 29, which is axially opposite to shoulder 28.

In the case shown, shoulder 28 has a truncated-cone shape and

shoulder 29 has a flat ring shape.

In the configuration shown in Figures 4 and 5, the connection
element 30 exerts an attractive force Fm on mass 25 that 1is
directed parallel to axis A and oriented in the same direction
as the force of gravity, from wall 50 towards wall 51 (i.e.

downwards in Figures 2 to 5).

In consequence, when the angular speed Q of the mast 6 assumes
value Ql, mass 25 1is subjected to the weight force, force Fm
and the inertial force. The connection element 30 and mass 25
are sized in such a way that the resultant of the

aforementioned forces keeps mass 25 constrained to mass 21.

The actuator 35 is selectively controllable to exert a force
Fa on mass 25 that is directed parallel to axis A and oriented
in the opposite direction to the force of gravity, from wall

51 towards wall 50 (i.e. upwards in Figures 4 and 5).
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In consequence, when the angular speed Q of the mast 6 assumes
value Q2, mass 25 is subjected to the weight force, force Fm,

the inertial force and further force Fa.

The actuator 35 1is sized to generate force Fa with a wvalue
such that the resultant of the aforementioned forces exerted
on mass 25 1s directed from wall 51 towards wall 50 and

axially separates mass 25 from mass 21.

In greater detail, the actuator 35 is electromagnetic.

In greater detail, the actuator 35 comprises:

- a current generator, which is not shown;

- a plurality of toroidal electrical windings 36 (only
schematically shown) having an annular shape about axis A; and
- a magnetic field generator 27 configured to generate a
second magnetic field oriented radially fto axis A and

integrally defined with mass 25.

In greater detail, the toroidal electrical windings 36 are
housed inside a metal armature 49 of ferromagnetic material
fastened to the casing 20 and having the function of orienting

the magnetic field generated by the generator 27.

The generator 27 is instead movable with respect to the casing

20, parallel to axis A.

More specifically, the generator 27 is arranged on the axially
opposite part of mass 25 with respect to the end 28 of mass

25.

Activation of the electric generator causes circulation of a
current in the electrical windings 36. This electric current
circulates annularly with respect to axis A and is immersed in

the second magnetic field radial to axis A dJgenerated by the
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generator 27 and linked with the ferromagnetic material of the

armature 49.

Due to the effect of the Lorentz force and that the electrical
windings 36 are stationary with respect to axis A, force Fa is

generated on mass 25.

The attenuating device 15 also comprises a sensor 39 (only
schematically shown in Figures 4 and 5) adapted to generate a
signal associated with the angular speed Q of the mast 6 and

operatively connected to the actuator 35.

In the case shown, the sensor 39 is fastened to wall 50 of the

casing 20.

The attenuating device 15 also comprises a control unit 60
functionally connected to the sensor 39 and the actuator 35,

as schematically shown in Figure 3.

The control unit 60 is, in greater detail, programmed to:

- deactivate the actuator 35 when the sensor 39 detects that
the angular speed Q of the mast 6 assumes value Q1 (Figure 4),
so as To keep the masses 21 and 25 integral with each other;
and

- activate the actuator 35 when the sensor 39 detects that the
angular speed Q of the mast 6 assumes value Q2 (Figure 5), so
as to separate and decouple the masses 21 and 25.

The attenuating device 15 also comprises:

- a palr of end of travel elements 40 and 41 stationary with
respect to the casing 20 and arranged at respective opposite
sides of the masses 21 and 25, and adapted to define
respective mutually opposite end stops for the oscillatory
motion of the masses 21 and 25; and

- a constraint element 45 (Figure 3) interposed Dbetween the
casing 20 and mass 21 and designed to prevent the rotation of

mass 21 about axis A following torsion of the springs 23 about
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axis A.

In particular, the end of travel elements 40 and 41 are
respectively arranged on the side of walls 50 and 51 with

respect to mass 21.

When the angular speed Q of the mast 6 is equal to value Q1
and the actuator 35 is thus deactivated, the end of travel
elements 40 and 41 limit the Jjoint oscillation of the masses

21 and 25 parallel to axis A (Figure 4).

When the angular speed Q of the mast 6 is equal to value Q2
and the actuator 35 1s thus activated, the end of travel
element 40 abuts against shoulder 29 of mass 25, halting the
movement away from mass 21 in the direction parallel to axis A

(Figure 5).

In use, the power unit drives the hub 5, mast 6 and blades 9

in rotation about axis A, by means of transmission unit 7.

Operation of the helicopter 1 1is described starting from a
condition in which the mast 6 rotates about axis A with
angular speed Q equal to nominal value Q1, with reference to

the reference system integral with the fuselage 2.
Rotation of the hub 5 and blades 9 generates vibrations, which
would be transmitted to the mast 6 and, from there, to the

fuselage 2 of the helicopter 1.

These vibrations mainly have angular frequencies equal to N*Q1

with respect to the stationary system of the fuselage.

The transmission of these vibrations to the fuselage 2 1is

attenuated by the attenuating device 15.

In greater detail, the sensor 39 detects the angular speed Q
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as being equal to value Q1 of the mast 6 and the control unit
60 keeps the actuator 35 deactivated. In these circumstances,

no electric current circulates in the windings 36.

Mass 25 1is kept in contact with mass 21 by the permanent

magnet of the connection element 30.

More specifically, mass 25 is subjected to the weight force,
the force Fm exerted by the magnet of the connection element
30 and the inertial force due to its own oscillatory motion
along axis A. These forces have a resultant oriented so as to

keep the masses 21 and 25 in contact with each other.

In these conditions, the masses 21 and 25 and the generator 27
oscillate integrally with each other along axis A and are
elastically supported by the springs 23 in their oscillatory

motion along axis A.

In consequence, the attenuating device 15 behaves like a tuned
mass absorber having mass equal to the sum of masses 21 and 25
and stiffness k along axis A. These mass and stiffness values
are determined in such a way that the attenuating device 15 is
tuned to an angular frequency equal to Q1. The attenuating
device 15 is therefore efficient in attenuating the
transmission of vibrations along axis A with this angular

frequency Q1 to the fuselage 2.

Oscillation of the masses 21 and 25 along axis A is limited by
the end of travel elements 40 and 41 on the side of wall 50

and wall 51, respectively.

The accidental rotation of the masses 21 and 25 about axis A

is prevented by the constraint element 45.

In particular flight conditions of the helicopter 1, the power

unit drives the mast 6 in rotation about axis A with angular
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speed Q equal to value Q2 with reference to the reference

system integral with the fuselage 2.

The vibrations generated by the mechanical and aerodynamic
loads associated with the rotation of the mast 6 and hub 5
mainly have angular frequencies equal to N*Q2 with respect to

the stationary reference system of the fuselage.

In these conditions, the sensor 39 detects the angular speed Q
equal to wvalue Q2 of the mast 6 and the control unit 60
activates the actuator 35, so as to cause the circulation of
electric current in the windings 36 and therefore generate

force Fa on mass 25.

More specifically, the electric current circulating in the
windings 36 annularly to axis A 1interacts with the second
magnetic field generated by the permanent magnet of generator
27.

As this magnetic field 1s oriented radially to axis A, a
Lorentz force 1is generated parallel to axis A and equal to
force Fa between the windings 36 and mass 25 carrying the

permanent magnet of generator 27.

Mass 25 1is thus subjected to the weight force, the force Fm
exerted by the magnet of the connection element 30 and force

Fa.

The resultant of these forces causes mass 25 to move away Ifrom
mass 21 parallel to axis A until reaching a condition (Figure
5) in which shoulder 29 of mass 25 abuts against end of travel

element 40.

These forces have a resultant oriented from wall 51 towards
wall 50 in a direction opposite to the force of gravity. In

consequence, this resultant keeps the masses 21 and 25



10

15

20

25

30

35

WO 2020/250063 PCT/IB2020/054975
16

separated from each other and keeps mass 21 in contact with

the actuator 35.

The attenuating device 15 thus behaves 1like a tuned mass
absorber having mass equal to mass 21 and stiffness k along
axis A. These mass and stiffness values are determined in such
a way that the attenuating device 15 is tuned to an angular
frequency equal to Q2 and therefore attenuates the
transmission of vibrations along axis A with this angular

frequency Q2 to the fuselage 2.

Oscillation of mass 21 along axis A 1s limited by shoulder 28
of mass 25 on the side of wall 50 and by end of travel element

41 on the side of wall 51.

The constraint element 45 ensures that mass 21 cannot rotate
about axis A during the oscillatory motion along axis A, for

example, due to accidental torsion of the springs 23.

From examination of the characteristics of the rotor 3
according to the present invention, the advantages that can be

achieved therewith are evident.

In particular, mass 25 of the attenuating device 15 1is
integrally movable with mass 21 in the oscillatory motion
along axis A when the angular speed Q@ of the mast 6 is equal
to nominal value Q1. Contrariwise, mass 25 of the attenuating
device 15 1s separate and decoupled from mass 21 when the
angular speed Q of the mast 6 is equal to value Q2, different

from nominal value Q1.

In consequence, the attenuating device 15 behaves like a tuned
mass absorber having mass equal to the sum of masses 21 and 25
and stiffness k along axis A when the mast 6 and blades 9
rotate at angular speed Q1 equal to the nominal value. In this

condition, the attenuating device 15 1s tuned to angular
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frequency Q1 and 1is therefore able to efficiently attenuate
the transmission of vibrations with angular frequency Q1 to

the fuselage 2, raising passenger comfort.

Contrariwise, the attenuating device 15 behaves like a tuned
mass absorber having mass equal to just mass 21 and stiffness
k along axis A when the mast 6 and blades 9 rotate at an
angular speed Q2 different from the nominal wvalue. In this
condition, the attenuating device 15 1s tuned to angular
frequency Q2 and 1is therefore able to efficiently attenuate
the transmission of vibrations with angular frequency Q2 to
the fuselage 2, raising passenger comfort even when the rotor

3 rotates at angular speed Q2 greater than the nominal wvalue.

The connection element 30 is effective 1in keeping masses 21
and 25 constrained to each other in an integral manner with
respect to oscillation along axis A when the mast 6 and blades

9 rotate at angular speed Q1 equal to the nominal value.

The actuator 35 is effective in exerting a force Fa on mass 25
such as to overcome the action of force Fm exerted by the
connection element 30 when the sensor 39 detects that the mast
6 and blades 9 rotate at angular speed Q2, different from the

nominal value.

The end of travel elements 40 and 41 define respective
mutually opposite stop surfaces for the oscillatory motion of
the masses 21 and 25 when the angular speed Q 1is equal to

value Q1 and the actuator 35 is deactivated.

End of travel element 40 axially constrains mass 25 and
substantially prevents axial oscillation when the angular
speed Q 1s equal to wvalue Q1 and the actuator 35 1is

deactivated.

The constraint element 45 effectively prevents rotation of
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mass 21 about axis A, caused, for example, by torsion of the

springs 23.

Finally, it 1is clear that modifications and wvariants can be
made regarding the rotor 3 described and illustrated herein

without departing from the scope defined by the claims.

In particular, the rotor 3 could also comprise a plurality of
further masses 25 selectively connectable to mass 21 when the
angular speed Q of the mast 6 is equal to further respective
values, so as to tune the attenuating device 15 to respective

further wvalues.

Instead of being used on a helicopter 1, the rotor 3 could be
used on a convertiplane or a gyrodyne or a compound

helicopter.

Moreover, the rotor 3 could comprise a further vibration
attenuating device 15 to attenuate the transmission of
vibrations to the fuselage 2 in a plane orthogonal to axis A,

i.e. associate with flexural vibrations of the mast 6.

Finally, the rotor according to the present invention could be
the tail rotor 4 of the helicopter 1 instead of the main rotor
3.
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CLAIMS

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

- a hub (5) rotating about an axis (A) and, in turn,
comprising a plurality of blades (9);

- a mast (6) connectable to a power unit of said aircraft (1)
and operatively connected to said hub (5) to drive said hub
(5) in rotation about said axis (A); and

- an attenuating device (15) to attenuate the transmission of
vibrations from said mast (6) to said aircraft (1) parallel to
said axis (A);

said attenuating device (15), in turn, comprising:

- a casing (20);

- a first mass (21) free to oscillate parallel to said axis
(A) with respect to said casing (20) and elastically connected
to said casing (20);

characterized in that said attenuating device (15) 1is passive
and further comprises:

- a second mass (25);

- connection means (30) adapted to make said first and second
masses (21, 25) integrally movable along said axis (A) when
the angular speed (Q) of said mast (6) assumes a first value
(Q1l); and

- actuator means (35) activatable to decouple and separate
salid first and second masses (21, 25) with respect to
translation along said axis (A) when said angular speed (Q) of
sald mast (6) assumes a second value (Q2), different from said

first value (Q1).

2. The rotor according to claim 1, characterized in that said
connection means (30) are of a magnetic type and are adapted
to connect the said first and second masses (21, 25) together

with a first value of a first force (Fm).

3. The rotor according to claim 2, characterized in that said

connection means (30) comprise a permanent magnet constrained
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to said first mass (21).

4. The rotor according to any of the preceding claims,
characterized in that said actuator means (35) comprise an
electromagnetic actuator, which 1is controllable to exert a
second value (Fa) of a second force on said second mass (25)
when said angular speed (Q) of said mast (6) assumes said

second value (Q2).

5. The rotor according to claim 4, when dependent on claim 2
or 3, characterized in that said first and second forces
oppose each other;

said first and second wvalues (Fm, Fa) being such as to
maintain, in use, said second mass (25) integral with said
first mass (21) when said angular speed (Q) assumes said first
value (Ql), and to separate, 1in use, said second mass (25)
from said first mass (21) when said angular speed (Q) assumes

sald second wvalue (Q2).

6. The rotor according to claim 4 or 5, characterized in that
said actuator (35), in turn, comprises:

- a plurality of electrical conductors (36) arranged annularly
about said axis (A) and inside which an electric current can
selectively circulate; and

- a generator (27) configured to generate a magnetic field
radial to said axis (A), in particular a permanent magnet;

said second mass (25) defining said generator (27).

7. The rotor according to any of the preceding claims,
characterized in that said attenuating device (15) further
comprises a sensor (39) configured to Jgenerate a signal
associated with the rotational speed of said mast (6);

said actuator means (35) being controllable on the basis of

said signal.

8. The rotor according to any of the preceding c¢laims,
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characterized in that said attenuating device (15) further
comprises:

- at least one spring (23) interposed between said casing (21)
and said first mass (21); and

- an anti-rotation device (45) interposed between said spring
(23) and said first mass (21), and adapted to prevent the

rotation of said first mass (21) about said axis (A).

9. The rotor according to any of the preceding claims,
characterized in that it comprises a first end of travel
device (40) and a second end of travel device (41) adapted to
respectively limit the travel of said first mass (21) and of
second mass (25) integral with one another when the angular
speed (Q) of said mast (6) assumes, 1in use, said first wvalue
(Q1);

sald first end of travel device (40) Dbeing arranged in
abutment against said second mass (25) axially spaced apart
from said first mass (21) when the angular speed (Q) of said

mast (6) assumes, 1n use, salid second value (Q2).

10. The rotor according to any of the preceding c¢laims,
characterized 1in that said attenuating device (15) is

angularly integral with said mast (6).

11. The rotor according to c¢laim 10, characterized in that
said mast (6) is hollow and in that said attenuating device

(15) is housed inside said mast (o).

12. The rotor according to any of claims 1 to 9, characterized
in that said attenuating device (15) 1is angularly stationary

with respect to said axis (A).

13. The rotor according to claim 12, characterized in that it
comprises a stator (8) supporting said mast (6) in a rotatable
manner about said axis (A);

said attenuating device (15) being fastened to said stator
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(8).

14. The rotor according to any of the preceding c¢laims,
characterized 1in that said first and second masses (21, 25)
comprise respective axial ends (26, 28) facing each other and
of matching shape;

sald axial end (26) of said first mass (21) further housing

sald connection means (30).

15. The rotor according to any one of the preceding claims,
characterized in that said casing (20) comprises a first end
wall (50) and a second end wall (51), which are substantially
orthogonal to said axis (A) and a cylindrical wall (52)
extending between said first end wall (50) and said second end
wall (51);

said first mass (21) comprising a first axial end (26)
arranged on the side near said first end wall (50), receiving
sald connection means (30) in a stationary manner and defining
a shoulder (34); said second mass (25) comprising a second
axial end (24) opposite to said first end wall (50) and facing

first axial end (26) of said first mass (21).

16.- The rotor according to claim 8 to 15, characterized in

that said said attenuating device (15) further comprises:

- a first end of travel device (40) and a second end of travel
device (41) adapted to respectively limit the travel of said
first mass (21) and of said second mass (25) integral with one
another when the angular speed (Q) of said mast (6) assumes,

in use, said first value (Q1);

sald first end of travel device (40) Dbeing arranged in
abutment against said second mass (25) axially spaced apart
from said first mass (21) when the angular speed (Q) of said

mast (6) assumes, 1n use, salid second value (Q2);

said first and second end of travel devices (40, 41)

being stationary with respect to said casing (20) and being
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arranged at respective opposite sides of said first and second

masses (21, 25);

said anti-rotation device (45) being further adapted to
prevent the rotation of said second mass (25) about said axis

(A) .

17. A hover-capable aircraft (1), characterized in that it
comprises:

- a fuselage (2); and

- a rotor (3) according to any of preceding claims;

sald fuselage (2) being connected in a direct or indirect

manner to said casing (20) of said attenuating device (15).
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