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(57) Abstract: A kit (1) for a helicopter (2) is described, the helicopter (2) comprising a fuselage (3) and a rotor (4); the kit (1) comprises

at least one device (15) adapted to dampen the vibrations transmitted from the rotor (4) to the fuselage (2) and to be interposed between
the fuselage (2) and the rotor (4); the device (15), in turn, comprises a first threaded element (21; 20) operatively connectable to the
rotor (4) and adapted to, in use, vibrate parallel to a first axis (B); a second threaded element (20; 21) operatively connectable to the
fuselage (4) and operatively connected to the first threaded element (21; 20) so as to, in use, rotationally vibrate about the first axis
(B); and a plurality of threaded rollers (22), which are screwed on the first and second threaded elements (21, 20; 20, 21); the rollers
(22) being rotatable about their respective second axes (C) parallel to and separate from the first axis (B) with respect to the first and
second threaded elements (21, 20); the rollers (22) are also rotatable about the first axis (B) with respect to the first threaded element
(21; 20) and the second threaded element (20; 21).
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HELICOPTER KIT

CROSS—REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from European patent
application no. 18186028.9 filed on July 27, 2018, the entire

disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a kit for a helicopter.

BACKGROUND ART

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

fuselage.

In greater detail, the rotor, in turn, basically comprises:

- a support casing;

— 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 that can Dbe connected to a drive member and

operatively connected to the hub to drive it in rotation.

The fuselage 1s normally constrained to the rotor by a
plurality of connecting rods and an anti-torque plate; in
other words, the fuselage 1is “suspended” from the support

casing.

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 separating from the
blades and from the centre of the hub. This separation takes

place at the centre of the hub and affects the wvertical and
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horizontal aerodynamic tail surfaces and the tail rotor.

The rotation of the blades at high angular speeds causes, in
use, the generation of further high-frequency vibrations,
which are transmitted to the mast, and therefore to the
fuselage, deteriorating comfort for the occupants of the

fuselage.

Within the industry, it is known that the wvibratory loads
acting on the rotor have pulses equal to N*Q and multiples
thereof in the reference system integral with the fuselage,
where Q is the rotation speed of the mast and N represents the

number of blades of the rotor.

In other words, the hub and the mast transfer the wvibratory
aerodynamic load pulses acting in the plane of the blades on

the aforesaid pulses.

From the foregoing, there is a clearly felt need within the
industry for limiting transmission from the mast to the
fuselage of vibrations with the aforementioned pulse wvalues

equal to N*Q and multiples thereof.

To this end, there are known passive and active damping

devices.

Passive damping devices basically comprise masses elastically
suspended from the mast or the hub by springs. The vibration
of these suspended masses enables at least partially absorb

the vibrations on the mast and the hub.

The aforementioned damping devices convert the kinetic energy
in the elastically supported movement of the aforementioned
masses and exert a damping force proportional to the spring

modulus and the displacement of the masses.
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Alternatively, active damping devices are basically actuators
that exert a sinusoidal damping force on the hub or on the

mast, which counters the force generated by the vibrations.

Damping devices, that work by absorbing vibration via a
passive vibrating element, require the use of combinations of
masses and springs 1in standard layouts and have minimum

overall dimensions that limit flexibility of use.

Active damping devices are expensive and complex to

manufacture.

A further, recently developed solution is represented by so-

called “inertance” devices, known as "inerters".

These devices are interposed between a first point and a
second point, and exert a force on them proportional to the
difference in accelerations between the first and the second
points, the acceleration components along the line Jjoining the

two points being intended.

Through opportune calibration of the inertia wvalues, it 1is
possible to ensure that this force reduces or cancels the
transmission of vibrations with a given frequency between the

first and second points.

One of the first examples of these inerter-type devices 1is
illustrated in EP-B-1402327 and basically comprises:

— a rod connected to the first point;

— a casing connected to the second point and the rod can slide
in respect thereto; and

— a flywheel connected to the rod and rotatable inside the
casing as a result of the rod sliding due to vibrations on the

first point.

US-A-2009/0108510 describes a further inerter-type damping
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device.

There 1s awareness 1in the industry of the need to have an
inerter-type damping device that i1s easily integrable in
helicopters of known type without altering the aerodynamic

configuration of the helicopter.

There is also awareness in the industry of the need to have an
inerter-type damping device that is particularly compact,
particularly accurate and able to dampen large-amplitude

vibrations.
There is also awareness in the industry of the need to have an
inerter-type damping device that 1is long-lasting, has a high

load capacity and the lowest possible friction.

JP-A-S6078130 discloses a kit according to the preamble of

claim 1 and 9.

DISCLOSURE OF INVENTION

The object of the present invention is to provide a kit for a
helicopter that enables satisfying at least one of the

aforementioned needs in a simple and inexpensive manner.
The aforementioned object is achieved Dby the present
invention, in so far as it relates to a kit for a helicopter

according to claim 1.

The present invention also relates to a kit for a helicopter,

according to claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS

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

accompanying drawings, in which:
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— Figure 1 is a perspective side view of a main rotor of a
helicopter with a kit according to the present invention, with
parts removed for clarity;

- Figure 2 1is a section, on an enlarged scale, along the axis
II-II of Figure 1 of a component of the kit of Figure 1, with
parts removed for clarity;

- Figure 3 is a section, on an enlarged scale, along line III-
IIT of Figure 2 of the component of Figure 2, with parts
removed for clarity;

— Figure 4 is a section along the line IV-IV of Figure 3; and
— Figure 5 is a perspective view, on a highly enlarged scale,

of a helicopter incorporating the kit of Figures 1 to 4.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to Figure 1, the reference numeral 1 indicates a kit

for a helicopter 2.

Referring to Figure 5, the helicopter 2 basically comprises a
fuselage 3, a main rotor 4 positioned on the top of the
fuselage 3 and rotating about an axis A, and a tail rotor
located at one end of the fuselage 3 and rotating about its

own axis, transversal to axis A.

In greater detail, the rotor 4 is only shown with regards to:

- a support casing 5;
- a mast 6 rotating about the axis A, coupled, in a manner not
shown, with a drive unit, for example a turbine, carried by
the helicopter 1 and operatively connected to a hub (not
shown) on which a plurality of blades (also not shown) are

hinged.

The helicopter 2 also comprises a plurality of rods 7, which
extend along respective axes B that are oblique to the axis A
and have respective ends 8 and 9 opposite each other,
respectively fastened to the casing 5 and to a top portion 10

of the fuselage 3.
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The rods 7 are hinged to respective anchors 12 and 13 carried
by the top portion 10 and by the casing 5, respectively, about

respective axes D and E.

The kit 1 comprises a plurality of devices 15 for damping

vibrations transmitted to the fuselage 3 by the rotor 4.

In the case shown, there are four devices 15 associated with

respective rods 7.

Referring to Figures 2 to 4, the devices 15 extend along

respective axes B, are hollow and house the associated rods 7.

As the devices 15 are identical, only a single device 15 1is

described below.

Advantageously, the device 15 comprises (Figures 2 to 4):

- a female screw 21 connected to the rotor 4 and adapted to
vibrate parallel to the axis Bj;

- a screw 20 connected to the fuselage 3, operatively
connected to the female screw 21 so as to rotationally vibrate
about axis B; and

- a plurality of threaded rollers 22, which have a thread 23
screwed on the screw 20 and on the female screw 21, are
rotatable about their respective axes C parallel to and
separate from the axis B and are also rotatable around axis B

with respect to the screw 20 and the female screw 21.

In this way, the device 15 implements an inerter, namely a
device capable of exerting a force on the fuselage 3 and on
the casing 5 proportional to the difference in acceleration

between the fuselage 3 and the casing 5.

This force enables damping the vibrations generated Dby

operation of the rotor 4 and curbing their transmission to the
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fuselage 3.

In greater detail, the device 15 comprises:

— a tubular axial end lug 30 fastened to the casing 5; and

— a tubular axial end lug 31, axially opposite to the lug 30
and fastened to the top portion 10 of the fuselage 2.

The lugs 30 and 31 are hinged to respective anchors 12 and 13

about respective axes D and E.

As a consequence, lug 30 1s subjected to an alternating
movement of axial wvibration parallel to the axis B, which is

caused by the vibratory loads transmitted by the casing 5.

The device 15 also comprises, interposed between the lugs 30
and 31:

- a tubular body 32 fastened to lug 30 and defining, on the
part axially opposite to lug 30, the female screw 21; and

- a tubular body 33 fastened to lug 31 and defining, on the
part axially opposite to lug 30, the screw 20.

In particular, tubular Dbody 32 comprises, in turn, at its
mutually opposite axial ends:

- a cup-shaped portion 35 connected to lug 30; and

- a cup-shaped portion 36, having a larger diameter than

portion 35 and defining the female screw 21.

In turn the tubular body 33 comprises:

- a cup-shaped portion 37 connected to lug 31; and

- a portion 38 having a longer length than the portion 37 and
a smaller diameter than the portion 37, and defining the screw

20.

Portion 38 of tubular body 33 has a smaller diameter than
portion 36 of tubular body 32.
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Portion 38 of tubular body 33 is housed inside portion 36 of
tubular body 32.

The screw 20 and the female screw 21 have multi—-start threads.

The screw 20 and the female screw 21 are arranged radially
facing each other and radially spaced apart from each other

with respect to axis B.

The rollers 22 are arranged in a position radially interposed
between the screw 20 and the female screw 21 in a direction

radial to axis B.

The rollers 22 extend along their respective axes C and each

have an external thread 23.

Thread 23 is simultaneously screwed onto the female screw 21

and onto the screw 20.

The rollers 22 extend along respective axes C and are
angularly eqgqui-spaced from each other around axis B and, in

the case shown, are nine in number.

The rollers 22 are:
— rotatable about the axes C with a rotational movement; and
— simultaneously rotatable around axis B with a revolutionary

movement .
Preferably, the rollers 22 are integrally movable with the
female screw 21 with translation in a direction parallel to

axis B.

Preferably, the thread angle of the thread 23 on the rollers
22 is equal to the thread angle of the female screw 21.

Due to the coupling between thread 23 and the screw 20,
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translation of the rollers 22 along axis B causes rotation of

tubular body 33 about axis B.

Each roller 22 also comprises:
— two mutually opposite axial ends 27 and 28; and
- two cogwheels 45 and 46 arranged adjacent to the respective

ends 27 and 28.

The threads 23 of the rollers 22 are single-start threads.

It is important to underline that the angles of the threads 23
of the rollers 22, of the screw 20 and of the female screw 21

shown in the accompanying figures are purely indicative.

The coupling between the threads 23 of the rollers 22 and the

screw 20 and the female screw 21 is reversible.

The device 15 also comprises a pair of crowns 47 and 48,
respectively fastened to the female screw 21 and made in one

piece with the female screw 21.

The crowns 47 and 48 are coaxial with axis B and spaced out

along axis B.

FEach crown 47 and 48 has internal gear tooth 49 meshing with

the respective cogwheels 45 and 46 of each roller 22.

In this way, the cogwheels 45 and 46 mesh with the gear tooth

49 (Figure 4) during rotation of the rollers 22 around axis B.

The device 15 also comprises two disc-—shaped supports 25 on
axis B, spaced apart from each other along axis B and
rotatable with respect to the female screw 21 and the screw
20.

Each support 25 defines a plurality of seats 26 angularly
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equi-spaced from each other around axis B and engaged by the

axial ends 27 of respective rollers 22.

In the embodiment shown, there 1is radial play Dbetween the

supports 25 and portion 36.

In an alternative embodiment, elements with a low coefficient
of friction can Dbe interposed between the supports 25 and

portion 26 of the female screw 21.

The device 15 also comprises:

— a flywheel 40 rotating about the axis B and angularly
integral with the screw 20; and

- two bearings 41 radially interposed Dbetween portion 37 of

tubular body 33 and lug 31.

In the case shown, the flywheel 40 is located at the shoulder
defined by portions 37 and 38 of the body 33.

The flywheel 40 rotates together with the screw 20 following

vibration of tubular body 32 along axis B.

The flywheel 40 is sized so as to achieve a desired value for
the rotating masses, equal to the sum of the masses of the
rollers 22, tubular body 32 and the flywheel 40. This wvalue of
the rotating masses tunes the device 15 to a predetermined
vibration frequency vwvalue of the casing 5 for which it 1is

wished to dampen transmission to the fuselage 3.

The bearings 41 enable relative rotation of tubular body 33
with respect to lug 31 about axis B, and support the axial

loads transmitted by the screw 20.

The ends 8 and 9 of the rod 7 are housed inside lugs 30 and

31, respectively.
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The rod 7 extends, proceeding from end 8 towards end 9 along
axis B, inside lug 30, tubular body 32, tubular body 33 and
lug 31.

In particular, the diameter of the rod 7 1is less than the

internal diameter of the screw 23.

In use, the mast 6 drives the hub and the blades in rotation

about axis A.

The rotation of the hub and the blades generates aerodynamic
loads on the Dblades and consequent vibrations, which are

transmitted to the mast 6.

The rods 7 connect the fuselage 3 to the casing 5 of the rotor
4,

The operation of the helicopter 2 is illustrated hereinafter

with reference to a single rod 7 and to a single device 15.

Operating the rotor 4 causes the generation of wvibratory

loads.

The hinging of the lug 30 about axis E prevents rotation of

the female screw 21 about axis B.

Therefore, the vibratory loads cause an alternating
translational vibration of lug 30, tubular body 32 and the

female screw 21 parallel to axis B.

The alternating translation of the female screw 21 causes, as
a result of the coupling between the thread 23 of the rollers
22 and the female screw 21, the alternating rotation of the
supports 25 about axis B, and of the rollers 22 about their

respective axes C.
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At the same time, the rollers 22 describe an alternating
revolutionary movement around axis B, because the respective
cogwheels 45 and 46 mesh with the gear teeth 49 of the

corresponding crowns 47 and 48.

Rotation of the rollers 22 about their respective axes C
causes, as a result of the coupling between the threads 23 of
the rollers 22 and the female screw 21, the alternating
rotation of the screw 20, tubular body 33 and the flywheel 40

about axis B.

The bearings 41 prevent the transmission of this rotation to
the fuselage 3 through lug 31, and support the axial loads
transmitted by the screw 20.

The device 15 thus generates inertial vibratory torgue on the
flywheel 40 originating from the translational vibratory

movement transmitted from the casing 5 to tubular body 32.

More specifically, this inertial vibratory torque 1is due to
the alternating rotation of the rollers 22, the screw 20 and

the flywheel 40.

Due to the alternating rotation of the rollers 22, tubular
body 33, the screw 20 and the flywheel 40, the device 15
applies two equal forces on the points of constraint of the
lugs 30 and 31 with the casing 5 and fuselage 3, respectively,
these forces being opposed to each other and proportional to
the relative acceleration between the aforementioned points of

constraint.

These torque forces dampen the vibrations transmitted to the
fuselage 3 because they tend to cancel the vibratory forces
transmitted by the internal rod 7, thereby increasing the

comfort of the occupants of the helicopter 2.
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In other words, the device 15 implements an inerter.

From an examination of the kit 1 according to the present
invention, the advantages that can be achieved therewith are

evident.

In particular, the kit 1 comprises a plurality of inerter-type
damping devices 15. The devices 15 each comprise a plurality
of rollers 22 screwed on the associated screw 20 and female
screw 21, and rotatable about respective axes B and C as a
result of axial wvibrations transmitted from the casing 5 to

tubular body 32 and to the female screw 21.

Therefore, the device 15 is capable of transforming the axial
vibrations of the tubular body 30 into alternating rotation of
the rollers 22 about axes B and C and of the screw 20 and the

flywheel 40 about the associated axes B.

This alternating rotation generates a force acting on the
anchors 12 and 13 that 1is ©proportional to the relative

acceleration of the anchors 12 and 13.

This force curbs the transmission of vibrations to the anchor
13, and therefore to the fuselage 3, improving perceived

comfort inside the helicopter 2.

Due to the presence of the rollers 22 interposed between the
respective screws 20 and female screws 21, the devices 15 of
the kit 1 have low friction, high capacities and are long-—
lasting with respect to inerter devices of a known type and

described in the introductory part of this description.

In addition, the presence of rollers 22 interposed between the
screws 20 and female screws 21 makes the devices 15

particularly compact and accurate.
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This makes application to the helicopter 2 ©particularly

advantageous.

Each device 15 houses the rod 7 and is hinged to the
associated anchors 12 and 13 about the same hinging axes D and

E of the associated rod 7 to the anchors 12 and 13.

Consequently, the devices 15 do not require any substantial
redesign of the helicopter 1 and make use of the anchors 12
and 13 already provided for fixing the rods 7 Dbetween the
casing 5 and the top portion 10 of the fuselage 3.

Moreover, this makes the kit 1 retro—-fittable in a
particularly simple and inexpensive manner on already existing

helicopters 2 equipped with rods 7.

To this end, it is sufficient to hinge the device 15 to the

already existing anchors 12 and 13 about axes D and E.

The flywheel 40 enables tuning the force generated by the
associated device 15 to a particular vibration frequency value
to Dbe dampened. In fact, it is sufficient to increase or
reduce the rotational moment of inertia of the flywheel 40 to
vary the frequency of vibrations mainly dampened by the

associated device 15.

The crowns 47 and 48 enable rotation of the rollers 22 around
the associated common axis B via the meshing between the
respective gear teeth 49 and the cogwheels 45 and 46 of the
rollers 22.

The support 25 of each device 1 keeps the respective rollers

22 angularly spaced out around axis B.

Finally, it is clear that modifications and variants can be

made to the kit 1 described and illustrated herein without
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departing from the scope defined by the claims.

In particular, the female screw 21 could be connected to the
fuselage 3 by lug 31 and the screw 20 could be connected to
the casing 5 by lug 30.

Furthermore, in addition to revolving around axis B with
respect to the screw 20, the rollers 22 could also be axially
free to translate with respect the female screw 21 parallel to

axis B.

In addition, the devices 15 could Dbe housed inside the
respective rods 7 or connected to further respective
structural elements interposed between the top portion 10 of

the fuselage 3 and the casing 5.

Furthermore, the kit 1 could comprise only one support 25 and

only one crown 47 or 48.

Finally, the tubular elements 32 and 33 of each device 15

could be directly fastened to the associated rod 7.
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CLAIMS
1. A kit (1) for a helicopter (2), said helicopter (2)
comprising a fuselage (3) and a rotor (4); the kit (1)
comprising at least one device (15) adapted to dampen the
vibrations transmitted from said rotor (4) to said fuselage
(2) and to be interposed between said fuselage (2) and said
rotor (4);
said device (15), in turn, comprising:
— a first threaded element (21; 20) operatively connectable to
said rotor (4) and adapted to, in use, vibrate parallel to a
first axis (B);
— a second threaded element (20; 21) operatively connectable
to said fuselage (4) and operatively connected to said first
threaded element (21; 20) so as to, 1in use, rotationally
vibrate about said first axis (B); and
- a plurality of threaded rollers (22), which are screwed on
sald first and second threaded elements (21, 20; 20, 21);
said rollers (22) being rotatable about their respective
second axes (C) parallel to and separate from said first axis
(B) with respect to said second threaded element (20; 21);
said rollers (22) also being rotatable about said axis (B)
with respect to said first threaded element (21; 20) and to
said second threaded element (20; 21)-=;
characterised in that said second threaded element (20; 21) is
a screw (20) screwed on said rollers (22) and said first
threaded element (21; 20) is a female screw (21) screwed on
said rollers (22);
said female screw (21) defining a second thread that 1is
internal with respect to said first axis (B) and screwed on
said rollers (22);
said screw (20) defining a third thread that is external with
respect to said first axis (B) and screwed on said rollers

(22) .

2. The kit according to claim 1, characterised in that said

rollers (22) are integrally movable with said first threaded
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element (21; 20) with translation in a direction parallel to

said first axis (B).

3. The kit according to claim 1 or 2, characterised in that

said device (15) is an inerter.

4. The kit according to any one of the preceding claims,
characterised in that said rollers (22) and said first
threaded element (21; 20) have the same thread angles; and/or
in that said rollers (22) comprise a first single—-start thread
(23); and/or

in that said first threaded element and second threaded
element (21, 20; 20, 21) comprise a second and a third multi-

start thread, respectively.

5. The kit according to claim 4, characterised in that it
comprises:

— a constraint element (31) to constrain said second threaded
element (20; 21) to said fuselage (2); and

- a bearing (41) interposed between said first threaded
element (21; 20) and said constraint element (30), so as to
enable the relative rotation of said second threaded element
(20; 21) with respect to said constraint element (30) about

said first axis (B).

6. The kit according to any one of the preceding claims,
characterised in that it comprises a flywheel (40) rotatable
about said first axis (B) and operatively connected to said

rollers (22) and said second threaded element (20; 21).

7. The kit according to claim 6, characterised in that said
flywheel (40) is angularly integral with said second threaded
element (20; 21).

8. The kit according to any one of the preceding claims,

characterised in that it comprises at least one crown (47)
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fastened to said second threaded element (20; 21);
said crown (47) comprising a gear tooth (49) facing said first
axis (B) and engaged by a plurality of gear teeth (45, 46)

carried by respective rollers (22).

9.—- A kit (1) for a helicopter (2), said helicopter (2)
comprising a fuselage (3) and a rotor (4); the kit (1)
comprising at least one device (15) adapted to dampen the
vibrations transmitted from said rotor (4) to said fuselage
(2) and to be interposed between said fuselage (2) and said
rotor (4);

said device (15), in turn, comprising:

— a first threaded element (21; 20) operatively connectable to
said rotor (4) and adapted to, in use, vibrate parallel to a
first axis (B);

— a second threaded element (20; 21) operatively connectable
to said fuselage (4) and operatively connected to said first
threaded element (21; 20) so as to, 1in use, rotationally
vibrate about said first axis (B); and

- a plurality of threaded rollers (22), which are screwed on
said first and second threaded elements (21, 20; 20, 21);

said rollers (22) being rotatable about their respective
second axes (C) parallel to and separate from said first axis
(B) with respect to said second threaded element (20; 21);

said rollers (22) also being rotatable about said axis (B)
with respect to said first threaded element (21; 20) and to
said second threaded element (20; 21);

characterised in that it comprises at least one crown (47)
fastened to said second threaded element (20; 21);

said crown (47) comprising a gear tooth (49) facing said first
axis (B) and engaged by a plurality of gear teeth (45, 46)

carried by respective rollers (22).

10. The kit according to any one of the preceding claims,
characterised in that it comprises a support element (25)

defining a plurality of seats (26) engaged by said respective
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rollers (22) in an angularly fixed manner;
said support element (25) being angularly movable around said
first axis (B) with respect to said first threaded element

(21; 20) and said second threaded element (20; 21).

11. A helicopter comprising:

- saild fuselage (2);

— said rotor (4);

- a support casing (5) of said rotor (4); and

- a plurality of connecting rods (7) interposed between said
fuselage (2) and said support casing (5);

characterised in that it comprises, for each said rod (7), a
kit (1) according to any one of the preceding claims;

said damping device (15) being interposed between said casing

(5) and said fuselage (2).

12. The helicopter according to claim 11, characterised in
that said first threaded element (21; 20) and second threaded
element (20; 21) are constrained to the associated said rod

(7).

13. The helicopter according to claim 11 or 12, characterised
in that at least one said rod (7) and said respective device
(15) are hinged to said fuselage (2) about the third axes (D)
coincident with each other;

said at least one rod (7) and said respective device (15)
being hinged to said rotor (4) about the same respective

fourth axes (E) coincident with each other.

14. The helicopter according to any one of claims 11 to 13,
characterised in that one of said rod (7) and said device (15)
is housed inside the other of said rod (7) and said device

(15).
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