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TRANSMISSION ASSEMBLY FOR AN ATRCRAFT CAPABLE OF

HOVERING

Cross—Reference to Related Applications

This Patent Application claims priority from
Furopean Patent Application No. 22161958.8 filed on
March 14, 2022, the entire disclosure of which 1is
incorporated herein by reference.

Technical Field

The present invention relates to a transmission
assembly for an aircraft capable of hovering.

Background

Aircrafts capable of hovering are known essentially
comprising a fuselage, a main rotor placed at a top of
the fuselage and rotatable around its own axis, and an
anti-torque rotor arranged at a tail end of the
fuselage.

Aircrafts also comprise, in a known way, one or
more motor members, for example turbines, and a
transmission assembly interposed between the turbines
and the main rotor and adapted to transmit the motion
from the turbines to the main rotor itself. Aircrafts
may also comprise further transmission assemblies, which
are adapted to transmit motion from the turbines to a
plurality of accessory devices designed, for example, to
provide the energy necessary for the operation of the
on-board equipment.

In general, the transmission assemblies comprise at
least two members that are movable relative to each

other and a plurality of support members, for example
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bearings, which allow relative movement between the two
members.

During the operation of the aircraft, it 1is
essential to ensure proper lubrication of the
transmission assembly, as inadequate lubrication
conditions could be critical to the entire aircraft. To
this end, the alrcrafts comprise a circuit for
lubricating the members of the transmission assembly.

In addition, some certification regulations require
that the transmission assemblies be adequately
lubricated for a certain time interval, for example at
least 30 minutes, following a possible failure of the
lubrication circuit. For this reason, the aircrafts have
been equipped with emergency lubrication devices.

By way of example, EP-A1-1739012 describes a
helicopter comprising:

- a primary lubrication circuit having a primary
tank; and

- an emergency lubrication c¢ircuit having an
emergency tank, which is continuously fed by the primary
tank.

The primary and emergency lubrication circuits
comprise respective nozzles, through which the
lubricating o0il is allowed to flow out. In detail, the
passage section of the nozzle of the emergency circuit
has a smaller extension than the extension of the
passage section of the primary circuit nozzle. 1In
further detail, when crossing the emergency circuit
nozzle, the 1lubricating o0il undergoes a distributed

pressure drop, which is correlated to the length of the
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emergency circuit nozzle.

This allows a certain amount of o0il to accumulate
in the emergency tank and thus to ensure a flow of
lubricating o0il to the components of the transmission
assembly for a period of time following a possible
failure of the primary circuit. In particular, the flow
of lubricating oil is directed towards the components of
the transmission assembly that are considered to be more
prone to temperature increases under inadequate
lubrication conditions, particularly the bearings.

However, the Applicant noted that solutions such as
the one shown 1in EP-A1-1739012 leave room for some
improvements. In particular, in the presence of air
bubbles in the lubricating oil, these tend to obstruct
the outlet mouth of the nozzles of the emergency
circuit, altering the flow of the o0il and reducing its
stability over time. Such alterations in oil flow could
result in insufficient lubrication of the transmission
assembly during emergency conditions.

Specifically, it was observed that smaller
dimensions of the passage section of the nozzles of the
emergency circuit correspond to longer intervals of
emergency lubrication. However, particularly small
dimensions of this passage section tend to be comparable
to the characteristic dimensions of air bubbles.

In addition, since in the solution shown in EP-Al-
17398012 the pressure drop at the nozzle of the emergency
circuit is of the distributed type, the time for
emptying the emergency tank is not adjustable once the

length of the nozzle itself has been defined.
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Other solutions are known from EP-B1-2505878 and
US-B2-11193514.

EP-A1-3854682 discloses a transmission lubricating
structure including a power transmitting shaft, a main
lubricating circuit, and an auxiliary lubricating
circuit. The power transmitting shaft includes an
ejection hole through which an internal space of the
power transmitting shaft communicates with an outside of
the power transmitting shaft. The main lubricating
circuit includes: a main nozzle having a nozzle hole
through which lubricating oil supplied from a main tank
is discharged to the internal space of the power
transmitting shaft; and a hydraulic pump configured to
supply the lubricating oil by pressure from the main
tank to the main nozzle. The auxiliary lubricating
circuit includes an auxiliary nozzle arranged lower than
an auxiliary tank and higher than a lubrication target
at the outside of the power transmitting shaft, the
auxiliary nozzle being configured to drop the
lubricating o0il, supplied from the auxiliary tank by an
own weight of the lubricating oil, toward the
lubrication target.

JP-B2-4880382 discloses a helicopter comprising a
first member movable with respect to a second member;
lubricated supporting means for supporting the first
member with respect to the second member; and a primary
lubricating circuit for lubricating the supporting means
and in turn having primary storage means for
accumulating a lubricating fluid, and primary fluid feed

means for feeding the lubricating fluid to the
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supporting means. The helicopter further comprises an
auxiliary lubricating circuit supplying the lubricating
fluid continually from the primary storage means at a
first 1lubricating fluid flow rate, and continually
supplying the fluid to the supporting means at a second
lubricating fluid flow rate lower than the first rate,
so as to produce an auxiliary reservoir of lubricating
fluid for use in the event of breakdown of the primary
lubricating circuit.

Therefore, there is a need in the sector to ensure
an oil flow for emergency lubrication of the
transmission assembly that is as stable as possible over
time.

Aim of the present invention 1is to realize a
transmission assembly for an aircraft capable of
hovering which enables the above requirement to be met
simply and economically.

Summary

The aforesaid aim 1s achieved by the present
invention, as it relates to a transmission assembly as
defined in Claim 1.

Brief Description of the Drawings

For a better understanding of the present
invention, five preferred embodiments are described
below, by way of non-limiting example only and with
reference to the accompanying drawings, wherein:

- Figure 1 is a side view of a helicopter
comprising a transmission assembly according to the
present invention;

- Figure 2 is a sectional view of a portion of the

5
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transmission assembly of Figure 1 according to a first
embodiment of the present invention;

- Figure 3 1is a detail view of Figure 2 with parts
removed for clarity’s sake;

- Figure 4 is a sectional and enlarged scale view
of a device of the transmission assembly of Figures 2
and 3;

- Figure b5 1s a perspective cutaway view of a
portion of a transmission assembly according to a second
embodiment of the present invention;

- Figure 6 1s a perspective view of a portion of
the device of Figure 4;

- Figure 7 is a perspective view of a portion of a
transmission assembly according to a third embodiment of
the present invention;

- Figure 8 is a perspective view of a portion of a
transmission assembly according to a fourth embodiment
of the present invention;

- Figure 9 is a perspective view of a portion of
the transmission assembly shown in Figure 5; and

- Figure 10 is a sectional view of a portion of a
transmission assembly according to a fifth embodiment of
the present invention.

Description of Embodiments

With reference to Figure 1, 1 denotes an aircraft
capable of hovering. In the embodiment shown, the
alrcraft is a helicopter. Alternatively, the aircraft is
a convertiplane.

In the remainder of this description, expressions

such as Y“forward”, “rearward”, Yupper” and “lower” are
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used with reference to a forward direction of flight and
a normal operating position of the aircraft 1 shown in
the accompanying figures. It is also possible to define
a reference system integral with aircraft 1 itself and
comprising (Figure 1):

- a longitudinal axis X;

- a transverse axis Y, which is orthogonal to the
axis X; and

- an axis Z orthogonal to the axes X and Y and
directed vertically to the ground during a normal
condition of use of the aircraft 1.

The aircraft 1 comprises:

- a fuselage la;

- one or more turbines 2;

- a main rotor 4 placed at a top of the fuselage 2
and rotatable around an axis A; and

- an anti-torque rotor 5 placed at a tail end of
the fuselage 2 and rotatable around 1ts own axis B
transverse to the axis A.

The helicopter 1 further comprises a transmission
assembly 3, which transmits the motion from the turbines
2 to the main rotor 4. This transmission assembly 3 1in
turn comprises (Figure 2):

- an outer «casing 8 <constrained to a fixed
structure (not shown) of the helicopter 1;

- a drive shaft 7 mounted inside the casing 8
rotatably around a rotation axis C and adapted to
operatively connect the turbines 2 with further
components of the transmission assembly 3 itself, for

example a toothed wheel 19; and
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- support means radially interposed between the
shaft 7 and the casing 8 to support the shaft 7 in an
axially fixed and angularly movable manner inside the
casing 8 itself.

The aforesaid support means comprise a plurality of
bearings 9.

In addition, the shaft 7 comprises a toothed wheel
14, which meshes with the toothed wheel 19 (Figure 2).

The transmission assembly 3 further comprises a
primary lubrication <circuit 20 and an emergency
lubrication circuit 22 for lubricating the transmission
assembly 3 itself and, in particular, the bearings 9.

The primary lubrication circuit 20 comprises
(Figure 2):

- a primary tank 11 of a lubricating fluid, e.g.
oil;

- a primary nozzle 12 to supply lubricating fluid
to a portion of the ftransmission assembly 3, and 1in
particular to the bearings 9; and

- a fluidic line 26, which fluidically connects the
primary tank 11 to the primary nozzle 12.

The primary lubrication circuit 20 further
comprises a fluidic feeding line 27, through which the
lubricating oil is introduced into the primary tank 11.
In particular, the fluidic line 27 could comprise a pump
- known in itself and not shown - adapted to recirculate
the lubricating oil collected downstream of the bearings
9 in the tank 11.

As shown in Figures 2 and 3, the shaft 7 defines,

coaxially and internally, a compartment 21, which 1is
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open, at its axial end 17 facing the toothed wheel 19,
to allow the supply of lubricating oil inside 1it.
Preferably, the shaft 7 1is closed at an axial end
thereof opposite the axial end 17 along the axis C, so
as to prevent the lubricating oil from escaping through
said opposite axial end.

The compartment 21 is fluidically connected to the
bearings 9 through a plurality of conduits 16, which are
radially obtained in a pass-through manner in the shaft
7 to allow the supply of the incoming lubricating oil
from the end 17 to the bearings 9. The toothed wheel 14
is furthermore arranged in proximity of the end 17.

In the case shown, the transmission assembly 3
comprises a further shaft 10 arranged within the
compartment 21, in particular coaxially with the axis C.

As shown 1in Figures 2 and 3, the shaft 10 defines,
in turn, coaxially and internally, a compartment 18,
which 1s open, at an axial end 37 thereof arranged on
the side of the axial end 17, to allow the lubricating
0il to be supplied internally.

The compartment 18 is fluidically connected to the
compartment 21 through a plurality of conduits 36, which
are radially obtained in a pass-through manner in the
shaft 10 (Figure 2). Consequently, the compartment 18 is
indirectly fluidically connected to the bearings 9
through the conduits 36 and the conduits 16.

The nozzle 12 has an outlet mouth 13 protruding
inside the compartment 18 through the ends 17 and 37, so
as to eject the o0il necessary for lubricating the

bearings 9 directly inside the compartment 18 itself.
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More particularly, the compartment 21 comprises
(Figure 2):

- a portion 2l1la, at the toothed wheel 14; and

- a portion 21b, which is opposite the axial end 17
with respect to the portion 21a along the axis C.

Preferably, the bearings 9 are arranged along the
axis C in proximity of the portion 21b.

The transmission assembly 3 further comprises a
sealing element 15, for example an elastomeric O-ring,
interposed radially between the shaft 7 and the shaft 10
and axially between the portion 2la and the portion 21b.
The sealing element 15 prevents fluidic communication
between the portion 2la and the portion 21b.

In addition, the shaft 10 does not comprise any
conduits 36 at the portion 2la and the shaft 7 does not
comprise any conduits 16 at the portion 2la. The
conduits 16 and 36 are obtained only at or near the
portion 21b. Thus, the lubricating oil emitted by the
nozzle 12 can only reach the portion 21b, which is in
proximity of the bearings 9.

According to an alternative embodiment not shown,
wherein the transmission assembly 3 does not comprise
the shaft 10, the nozzle 12 is arranged so as to eject
the lubricating oil directly into the compartment 21.

Preferably, moreover, the primary lubrication
circuit 20 is under pressure, whereby the tank 11 could
be placed at a lower position than the outlet mouth 13.

The emergency lubrication circuit 22 comprises
(Figure 2):

- an emergency lubricating oil tank 23, which is

10
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fluidically connected to the primary tank 11; and

- auxiliary fluidic supply means 30 for supplying
lubricating oil from the emergency tank 23 to a portion
of the transmission assembly 3, and in particular to the
bearings 9.

The emergency tank 23 is fluidically connected to
the primary tank 11 by means of a fluidic line 29
(Figure 2). In the shown embodiment, the fluidic line 29
is a branch of the fluidic 1line 26. Otherwise, the
fluidic line 29 could extend directly starting from the
primary tank 11.

Preferably, the fluidic line 29 is under pressure.

In a correct operating condition of the main
lubrication circuit 20, the emergency tank 23 1is
continuously fed by the main tank 11. This means that in
such a correct operating condition, as long as the main
tank 11 contains lubricating oil, at least part of this
lubricating o0il is intended to flow into the emergency
tank 23.

The auxiliary fluidic supply means 30 comprise, in
turn, an emergency nozzle 24 for supplying lubricating
0il to the bearings 9 and having an outlet mouth 25
(Figures 2 and 3).

More precisely, the emergency tank 23 is placed at
a higher height than the outlet mouth 25, so that such
dripping is facilitated by the action of the force of
gravity. Thus, wultimately, the emergency lubrication
circuit 22 is a passive type lubrication circuit.

The emergency lubrication «circuit 22 further

comprises an overflow 38, which is adapted to discharge
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a portion of the lubricating oil from the tank 23 when
the 0il exceeds a certain level inside the tank 23. Ry
way of example, the lubricating oil discharged from the
overflow 38 could be introduced into the tank 11.

The overflow 38 also acts as a vent for the air
contained 1inside the tank 23. In particular, the
overflow 38 prevents the air pressure contained in the
tank 11 from differing from the air pressure present in
the rest of the emergency lubrication circuit 22. More
particularly, the overflow 38 prevents a vacuum Zfrom
being established at the tank 23.

Advantageously, the auxiliary fluidic supply means
30 comprise a dosing device 31 and a conduit 32, which
fluidically connects the emergency tank 23 with the
dosing device 31 (Figures 2 and 3);

the dosing device 31 comprises a passage 33 for the
lubricating o0il from the conduit 32 to the nozzle 24,
and saild passage 33 defines a plurality of concentrated
pressure drop sections 6 of the lubricating oil;

said concentrated pressure drop sections 6 are
distinct and spaced apart from each other.

The dosing device 31 1s therefore fluidically
interposed between the conduit 32 and the nozzle 24 and
is adapted to slow down the flow of lubricating oil
directed from the emergency tank 23 to the nozzle 24.

Concentrated pressure drop sections are to be
understood as stretches of the passage 33 at which the
hydraulic 1load of the flow of 1lubricating oil 1is
reduced.

The change in hydraulic load occurring at the

12
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pressure drop sections 6 is due, for example, to changes
in the cross-section of the passage 33 and/or changes in
the direction imparted to the flow by the passage 33.

The passage 33 also causes a decrease 1in the
hydraulic load of the flow of lubricating oil due to
distributed pressure drops. These distributed pressure
drops are due to the friction of the walls of the
passage 33 and are correlated - in a known way - to the
dimensions of the passage 33, to the speed and to the
viscosity of the lubricating oil and to the roughness of
the inner walls of passage 33. In addition, it should be
noted that the wviscosity of the lubricating oil 1is
strongly influenced by temperature. Therefore, the
magnitude of the distributed pressure drops 1is also
correlated to the temperature of the lubricating oil.

Ultimately, the overall pressure drop imparted by
the dosing device 31 to the flow of lubricating oil 1is
equal to the sum of the concentrated pressure drops
imparted to the flow at the pressure drop sections 6 and
the distributed pressure drops. In general, considering
a conduit having length L and (equivalent) diameter ¢,
the contribution of the distributed pressure drops 1is
not negligible when the ratio of length L to diameter &
is greater than or equal to b (L/® = 5).

In detail, the dosing device 31 1is configured so
that during the passage of the lubricating oil through
the passage 33, the contribution of the distributed
pressure drops is negligible compared to the
contribution of the concentrated pressure drops. In

other words, the ratio of the length of the passage 33
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to the equivalent diameter of the passage 33 is lower
than 5.

A longitudinal axis D of the dosing device 31 can
be defined. In particular, the displacement vector of a
particle of lubricating oil between the inlet and the
outlet of the dosing device 31 is directed substantially
parallel to the axis D.

The dosing device 31 1is arranged such that the
longitudinal axis D is parallel or substantially
parallel to the axis Z integral with the aircraft 1 in
an operating condition in which the aircraft 1 is in
forward flight and in a normal operating position. The
dosing device 31 1is therefore arranged parallel or
substantially parallel to the gravity acceleration
vector.

In addition, the nozzle 24 extends starting from
the dosing device 31 along a direction F that 1is
transverse, 1in particular oblique, with respect to the
axis D.

As shown 1n Figure 3, the conduit 32 and the
passage 33 define respective passage sections for the
lubricating o0il in a direction orthogonal to the
direction of the o0il flow. Such passage sections have
respective different extensions to each other.
Preferably, the minimum passage section of the passage
33 has a smaller extension than the extension of the
minimum passage section of the conduit 32. In the case
shown, moreover, the conduit 32 is arranged coaxially to
the axis D.

Preferably, moreover, the passage section

14
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orthogonal to the flow of lubricating oil of the nozzle
12 has a smaller extension than the passage section
orthogonal to the flow of the nozzle 24.

As shown in Figures 2 to 4, the device 31 comprises
a main body 40 and a casing 41, which surrounds the main
body 40. Said main body 40 defines with respect to the
casing 41 an interstice 34, which is a portion of space
radially interposed between the main body 40 and the
casing 41 and which defines at least in part the passage
33. In other words, the lubricating oil directed from
the conduit 32 to the nozzle 24 flows through at least
part of the interstice 34.

Preferably, moreover, the main body 40 is obtained
from a cylindrical bar.

The casing 41 comprises a radially inner
cylindrical surface 4la and radially facing the main
body 40 (Figure 4). In addition, the main body 40 and
the radially inner surface 4la are arranged coaxially to
each other and to the axis D.

Preferably, the dosing device 31 comprises a radial
clearance 48 between the main body 40 and the radially
inner surface 4la (Figure 4). This radial clearance 48
facilitates the insertion of the main body 40 into the
casing 41 and ensures coaxiality between the main body
40 and the radially inner surface 41la.

However, the radial clearance 48 has dimensions
such as to make the leakages of lubricating oil through
the radial clearance 48 itself negligible. In detail,
the main body 40 is releasably couplable to the casing

41. In more detail, the main body 40 1is releasably
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inserted within the casing 41. Thus, it is possible to
replace the main body 40 by the dosing device 31,
without having to replace the casing 41.

In the case shown, the casing 41 and the nozzle 24
form a single piece. However, the casing 41 and the
nozzle 24 could be formed from two distinct components.
In particular, the nozzle 24 could Dbe removably
couplable to the device 31.

Furthermore, as shown 1n Figures 2 and 3, the
casing 41 is a body distinct from the casing 8. However,
according to an alternative embodiment not shown, the
casing 8 comprises the casing 41. In particular,
according to this alternative embodiment, the casing 8
comprises a cylindrical hole within which the main body
40 1s housed and which is in fluidic communication with
the conduit 32. In particular, the cylindrical hole
comprises a cylindrical inner surface and the main body
40 1is arranged coaxially to this c¢ylindrical inner
surface. Therefore, according to this alternative
embodiment, the portions of the casing 8 defining the
cylindrical hole constitute the casing 41.

The main body 40 further comprises a plurality of
orifices 35, which form part of the interstice 34 and
which will be described in detail below.

Specifically, the main body 40 comprises:

- a central member 42, preferably having a
cylindrical shape with axis D; and

- a plurality of disks 43, extending radially from
the central element 42 with respect to the axis D.

The disks 43 are spaced from each other along the

le
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axis D. Preferably, the distance of each disk 43 from
the next one along the axis D is the same for all the
disks 43.

Fach disk 43 also has a circular section in a
respective plane perpendicular to the axis D. The disks
43 are concentric with each other and with the axis D.

In addition, the central element 42 and the disks
43 are formed as a single piece.

Fach disk 43 comprises, in particular (Figures 6 to
9):

- a radially outer profile 43a with respect to the
axis D, which constitutes the radially outermost portion
of the main body 40;

- two faces 43b, 43c orthogonal to the axis D and
opposite each other along the axis D; and

- one or more orifices 35 each passing through a
relative disk 43 parallel to the axis D.

Preferably, the faces 43b, 43¢ are flat and
parallel to each other. In addition, the disks 43 have
the same axial extension parallel to the axis D.

However, according to an embodiment not shown, the
faces 43b and 43c could be arranged transversely to each
other. In particular, according to this embodiment, the
extension of the disks 43 parallel to the axis D
decreases by proceeding radially from the axis D towards
the radially outer profile 43a.

Fach radially outer profile 43a is spaced radially
from the radially 1inner surface 4la by the radial
clearance 48.

Preferably, the disks 43 have the same radial

17
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extension with respect to the axis D. In this way, the
leakages of the lubricating oil through the radial play
48 are limited. Furthermore, as shown in Figure 6, each
orifice 35 is a radially inner hole with respect to the
relative radially outer profile 43a. In particular, each
of the orifices 35 1s a circular hole. Preferably,
moreover, all the orifices 35 have an equal diameter to
each other.

Fach disk 43 of the main body 40 comprises a single
orifice 35. The orifice 35 of each disk 43, moreover, is
diametrically opposite to the orifice 35 of the
consecutive disk along the axis D.

As shown in Figure 4, it is possible to define a
volume 44 delimited axially by the faces 43b, 43c facing
each other of two consecutive disks 43 along the axis D
and radially between the central element 42 and the
radially inner surface 4la.

Fach orifice 35 shown in Figure 6 fluidically
connects two axially consecutive volumes 44 to each
other along the axis D. Therefore, the interstice 34 is
defined by the volumes 44, by the volume delimited by
the orifices 35 and by the radial clearance 48.

The dosing device 31 further comprises (Figure 4):

- a groove 46 at the disk 43 closest to the conduit
32; and

- a groove 47 at the disk 43 closest to the nozzle
24,

The groove 46 fluidically connects the conduit 32
to the volume 44 closest to the conduit 32; the groove

47 fluidically connects the volume 44 closest to the
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nozzle 24 to the nozzle 24 itself.

More particularly, the faces 43b, 43c of the disks
43 and the radially inner surface 4la are adapted to
guide the flow of lubricating oil parallel to a plane
substantially perpendicular to the axis D; the orifices
35 are adapted to guide the flow of lubricating oil in a
direction substantially parallel to the axis D. By
virtue of the change of direction imparted to the flow
at the orifices 35, these orifices 35 constitute the
concentrated pressure drop sections 6 of the lubricating
oil.

Further, the passage section for the lubricating
0il at the volumes 44 is greater than the passage
section of each orifice 35. Therefore, the orifices 35
constitute the concentrated pressure drop sections © of
the lubricating o0il also by wvirtue of the reduction of
the extension of the passage section.

The passage section of each orifice 35 also
preferably has a smaller extension than the extension of
the minimum passage section of the nozzle 24.

At the same time, the passage section of each
orifice 35 has an equivalent diameter greater than the
average diameter of the air bubbles within the emergency
lubrication circuits of ftransmission assemblies, which
has been estimated between 0.5 and 1.0 mm.

Preferably, the equivalent diameter of each orifice
35 is greater than or equal to 1.5 mm.

The dosing device 31 can be releasably coupled to
the conduit 32. In particular, the transmission assembly

3 comprises fixing means 50 for releasably coupling the
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dosing device 31 to the conduit 32.

In particular, the conduit 32 comprises a flange 51
at an axial end thereof turned towards the dosing device
31 and the dosing device 31 comprises a flange 52 at an
axial end thereof turned towards the conduit 32. The
fixing means 50 comprise, for example, threaded
connection elements for connecting the flange 52 to the
flange 51.

Since the dosing device 31 is releasably couplable
to the conduit 32, the dosing device 31 and the nozzle
24 constitute an upgrade kit for existing transmission
assemblies.

In use, the shaft 7 rotates about the axis A with
respect to the casing 8 and is supported by the bearings
9.

The lubricating o0il contained in the tank 11 is
partly supplied into the compartment 18 through the
fluidic line 26 and the nozzle 12 and partly discharged
into the tank 23 through the fluidic line 26 and the
fluidic line 29.

The lubricating o0il collected in the tank 23 is in
turn supplied into the compartment 18 through the
conduit 32, the dosing device 31 and the nozzle 24. In
detail, when c¢rossing the dosing device 31, the
lubricating o0il passes through the passage 33 and 1is
subjected to a plurality of concentrated pressure drops.

In more detail, the lubricating oil from the
conduit 32 passes through the groove 46 within the
volume 44 closest to the conduit 32. Once inside the

volume 44, the lubricating oil is guided by the walls
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43b and/or 43c of the disks 43 facing each other and by
the radially inner surface 4la. Subsequently, the
lubricating ©il reaches the orifice 35 and crosses it
parallel to the axis D, wundergoing a concentrated
pressure drop. After crossing the orifice 35, the
lubricating o0il reaches the volume 44 arranged 1in
succession along the axis D.

Once the lubricating oil has reached the volume 44
closest to the nozzle 24, it passes through the groove
47 and reaches the nozzle 24.

The flow of lubricating o0il slowed down by the
dosing device 31 then reaches the nozzle 24 and flows
out into the compartment 18.

The lubricating oil supplied by the primary and
emergency lubrication circuits in the compartment 18
passes successively through the radial conduits 36 and
the radial conduits 16 and reaches the bearings 9.

During operation of the transmission assembly 3,
any alr bubbles carried by the flow of lubricating oil
through the dosing device 31 can easily rise up through
the passage 33, avoiding clogging the nozzle 24,

This 1is possible firstly because the equivalent
diameter of the orifices 35 is greater than the average
diameter of the air bubbles. Secondly, the rising of the
bubbles due to the difference between the specific
weight of the lubricating oil and the air enclosed in
the bubbles is facilitated by the fact that the axis D
is substantially parallel to the axis 7.

During a correct operating condition, the tank 11

is continuously fed through the fluidic 1line 27 and
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continuously feeds the tank 23.

Conversely, during an emergency condition in which
there is no o0il flowing out of the nozzle 12, the tank
23 is not fed with lubricating oil from the tank 11 and
starts emptying. In particular, the lubricating oil
collected in tank 23 continues to be supplied to the
bearings 9, until the tank 23 itself is completely
emptied.

In particular, by virtue of the slowdown that the
dosing device 31 imposes on the lubricating oil, the
lubrication of the bearings 9 continues even after the
instant in which the tank 23 is completely empty.

With reference to Figures 5 and 9, 3’ denotes a
transmission assembly according to a second embodiment
of the present invention. The transmission assembly 3’
is similar to the transmission assembly 3 and will be
described hereinafter only insofar as it differs from
the latter; equal or equivalent parts of the
transmission assemblies 3, 3’ will be marked, where
possible, by the same reference numerals.

The transmission assembly 3’ differs from the
transmission assembly 3 in that 1t comprises a dosing
device 31’ having a main body 40’ in which the orifices
35 are formed at the radially outer profile 43a. In
detail, each orifice 35 is a groove directed parallel to
the axis D. In further detail, each orifice 35 has a C-
shaped section in a plane orthogonal to the axis D.

In particular, the main body 40’ comprises disks 43
each having a single orifice 35. The orifice 35 of each

disk 43, moreover, 1is diametrically opposite to the
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orifice 35 of the consecutive disk along the axis D.

According to this second embodiment, the interstice
34 comprises:

- the space axially interposed between the faces
43b, 43c facing each other of each pair of consecutive
disks 43 and radially between the central element 42 and
the radially inner surface 4la;

- the space radially interposed Dbetween the
orifices 35 and the radially inner surface 4la; and

- the radial clearance 48.

The dosing device 31’, moreover, 1is configured so
that during the passage of the lubricating oil through
the passage 33, the contribution of the distributed
pressure drops is negligible compared to the
contribution of the concentrated pressure drops.

The operation of the transmission assembly 3’ is
similar to that of the transmission assembly 3 and will
be described hereinafter insofar as it differs from it.

In particular, the o©0il coming from the conduit 32
is guided by the face 43b of the disk 43 closest to the
conduit 32 and by the radially inner surface 4la towards
the orifice 35. Subsequently, the lubricating oil passes
through the orifice 35 parallel to the axis D,
undergoing a concentrated pressure drop and heading
towards the next disk 43 along the axis D until it
reaches the nozzle 24.

With reference to Figure 7, 377 denotes a
transmission assembly according to a third embodiment of
the present invention. The transmission assembly 3’’ 1is

similar to the transmission assembly 3’ and will be
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described hereinafter only insofar as it differs from
the latter; equal or equivalent parts of the
transmission assemblies 3’, 3’ will be marked, where
possible, by the same reference numerals.

The transmission assembly 3’’ differs from the
transmission assembly 3’ in that it comprises a dosing
device 31’’ having a main body 40’’ in which the disks
43 each have two orifices 35 angularly spaced from each
other with respect to the axis D. In more detail, the
two orifices 35 are spaced by 180° from each other. The
orifices 35 of each disk 43 are also aligned with the
orifices 35 of all the other disks 43 of the main body
40 parallel to the axis D.

The dosing device 31’’, moreover, is configured so
that during the passage of the lubricating oil through
the passage 33, the contribution of the distributed
pressure drops is negligible compared to the
contribution of the concentrated pressure drops.

The operation of the transmission assembly 3’’ 1is
similar to that of the transmission assembly 3’ and will
therefore be described in detail below insofar as it
differs from it.

In particular, the o0il coming from the conduit 32
is guided by the face 43b of the disk 43 closest to the
conduit 32 and by the radially inner surface 4la towards
the orifice 35. Subsequently, the lubricating oil
crosses the orifice 35 parallel to the axis D,
undergoing a concentrated pressure drop and heading
towards the next disk 43 along the axis D until it

reaches the nozzle 24.
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With reference to Figure 8, 3rrs denotes a
transmission assembly according to a fourth embodiment
of the present invention. The transmission assembly 3’77
is similar to the transmission assemblies 3’7, 3’7’ and
will be described hereinafter only insofar as it differs
from the latter; equal or equivalent parts of the
transmission assemblies 3', 3'7’, 3’’’ will be marked,
where possible, by the same reference numerals.

The transmission assembly 3’’ differs from the
transmission assembly 3’ in that it comprises a dosing
device 31’’’ having a main body 40’’’ in which the disks
43 each have four orifices 35 angularly spaced from each
other by 90° with respect to the axis D. The orifices 35
of each disk 43 are also aligned with the orifices 35 of
all the other disks 43 of the main body 40’’’ parallel
to the axis D.

The dosing device 31’’’ is also configured so that
the contribution of distributed pressure drops 1is
negligible compared to the contribution of concentrated
pressure drops.

The operation of transmission assembly 3’’’ 1is
similar to that of transmission assembly 3’’ and will
therefore not be described in detail.

With reference to Figure 10, 31’7’’’ is denoted
according to a fifth embodiment of the ©present
invention. The transmission assembly 3'’’’ is similar to
the +transmission assembly 3 and will be described
hereinafter only insofar as it differs from the latter;
equal or equivalent parts of the transmission assemblies

3, 3'"7'’7" will be marked, where possible, by the same
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reference numerals.

The transmission assembly 3'’’’ differs from the
transmission assembly 3 in that 1t comprises a dosing
device 31’7’’’ comprising a hollow main body 4077’7,
within which the ©passage 337777 is obtained. In
particular, the main body 40’7’’’ could be housed in a
seat of the casing 8.

Similar to the main body 40, the main body 407'7"’
has a cylindrical shape with axis D.

The passage 33’7’’’ is a conduit and comprises, in
turn:

- an entry segment 33a’’’’ arranged on the side of
the conduit 32;

- an exit segment 33b’’’’, which 1s axially
opposite to the entry segment 33a’’’’ along the axis D;

- at least one intermediate segment 33c’’’’ and at
least one intermediate segment 33d’’’’ arranged axially
in succession between the entry segment 33a’’’’ and the
exit segment 33b’77’.

Fach intermediate segment 33c’’’’ extends parallel
to the longitudinal axis D and each intermediate segment
33d’ "7’ extends parallel to a direction E transverse to
the axis D. It 1is also possible to define a plane P
passing through the axis D and orthogonal to the axis E.
In addition, it is possible to define two sides 61'7'7,
62’777 of the dosing device 31'’’’ opposite each other
with respect to the plane P (Figure 10).

The conduit 33’7’’’ also comprises a plurality of
transition sections 33e’’’’, at which the intermediate

segments 33c’’’’ and 33d’’’’ are Joined together. By
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virtue of the change in direction imparted to the flow
at the transition sections 33e’’’’, these transition
sections 33e’’’’ constitute concentrated pressure drop
sections 6’7’’’ of the lubricating oil.

In the case shown, the passage 33’’’ has a coil
pattern in an axial plane of the dosing device 31’77’
perpendicular to the plane P. The extension of this coil
parallel to the axis D is dgreater than its extension
parallel to the direction E.

In particular, the entry segment 33a’’’’ and the
exit segment 33b’’’’ are coaxial with each other and
with the axis D. The segments 33c’’’’ are radially
spaced from the axis D and all preferably have the same
extension parallel to the axis D. All the segments
33d’’’’, moreover, have the same extension parallel to
the direction E.

More particularly, the passage 33’7’’’ comprises a
plurality of intermediate segments 33c¢’’’’ and 334"’’’
arranged 1n succession 1in modules 53'’’’ that are
repeated along the axis D.

Fach module 53’7’’’ comprises (Figure 10):

- a first intermediate segment 33c¢c’’’’ arranged on
the part of the side 61777'7;

- a second intermediate segment 33c’’’’ arranged on
the part of the side 62'’’’ and in succession after the
first segment 33c¢c’’’’ along the axis D;

- a third intermediate segment 33d’’’’, Jjoining the
first intermediate segment 33c’’’’  to the second
intermediate segment 33c¢c’’’’; and

- a fourth intermediate segment 33d’’’’, which
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extends starting from the second intermediate segment
33c¢’’’’ from the first side 61’’'’’ to the second side
627777

In particular, the fourth intermediate segment
33d’ "'’ joins the second intermediate segment 33c¢’’’’ of
the module 53’7’’’ to the first intermediate segment
33c’’’’ of the next module 53’’’’ along the axis D.

In addition, the distance between each first
intermediate segment 33c¢’’’’ from plane P is equal to
the distance between each second intermediate segment
33¢’’’’ from plane P.

Preferably, the extension of the passage section
33’777 in the direction perpendicular to the oil flow is
constant. The equivalent diameter of this ©passage
section is also greater than the average diameter of the
air bubbles within the emergency lubrication circuits of
transmission assemblies. Preferably, the equivalent
diameter of the passage 33’’’’ is greater than or equal
to 1.5 mm.

In particular, the dosing device 31’7’’’ could be
made by an additive manufacturing process.

The operation of the transmission assembly 3’7’’’ 1is
similar to that of the transmission assembly 3 and will
be described hereinafter insofar as it differs from it.

In particular, the lubricating oil coming from the
conduit 32 passes 1in succession through the entry
segment 33a’’’’, the intermediate segments 33c’’’’ and
33d’’’’ and flows out through the exit segment 33b’'’’'.
In particular, as it passes through each of the

transition sections 33e’77 7, the lubricating oil
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undergoes a respective concentrated pressure drop. In
addition, the lubricating o0il undergoes a distributed
pressure drop due to the roughness of the inner walls of
the conduit 33’''’. In the specific <case of the
transmission assembly 3’’’’, this distributed pressure
drop 1is not negligible. Once the lubricating oil has
flown out from the exit segment 33b’’’’, it reaches the
nozzle 24.

From an examination of the characteristics of the
transmission assembly 3, 3', 3’’, 3'’’, 3’7’’’ according
to the present invention, the advantages that it allows
obtaining are evident.

In particular, since the transmission assembly 3,
37, 3, 3777, 37777 comprises a dosing device 31, 317,
3177, 31777, 317’’’ fluidically interposed between the
conduit 32 and the nozzle 24, and having a plurality of
concentrated pressure drop sections 6, 6’7’7’7, the flow
of lubricating o0il is slowed down upstream of the nozzle
24,

Therefore, unlike the solutions of known type and
described in the introductory part of the present
description, 1t is possible to reduce the risk of the
flow of lubricating oil being impeded by the air bubbles
it carries. Flow stability and lubrication reliability
in emergency conditions are thus improved.

Since the main body 40 is releasably couplable to
the casing 41, it is possible to replace the main body
40, 407, 40’’, 40’’’ from the dispensing device 31, 317,
31, 31’77 without —replacing the casing 41. In

particular, it is possible to insert into the casing 41
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a main body 40, 40’7, 40’7’7, 40’’’ characterized by a
different overall wvalue of concentrated drops and to
adjust the emptying time of the tank 23.

The dosing device 31, 31, 31’'’, 31'’’, 31’''’’ 1is
also releasably connectable to the conduit 32.
Therefore, 1t 1s readily possible to replace a dosing
device 31, 31’, 31’'", 31’’’ , 31’7’’’ coupled to the
conduit 32 with a different dosing device 31, 31’, 31’',
31777, 31'''7 and/or to facilitate the removal of the
main body 40, 40’, 40’’, 40’’’ from the casing 41.

Since the dosing device 31, 317, 31’’, 31''7",
317 is arranged substantially parallel to the
direction 7, the descent of the lubricating oil -
although slowed down in the pressure drop sections 6,
6’77’7 - is facilitated by gravity. In addition, for the
same reason, the rising of any air bubbles through the
dosing device 31, 317, 3177, 317y, 317 is
facilitated.

Finally, it 1s clear that modifications and
variations can be made to the transmission assembly 3,
3r, 37, 3rrr, 3777’7 described and shown herein without
thereby departing from the scope of protection defined
by the claims.

In particular, the transmission assembly 3, 37,
3rr, 3rrr, 37777 could be adapted to transmit motion
from one or more turbines to a plurality of accessory
devices designed, for example, to provide the energy
necessary for the operation of the on-board equipment.

The passage 33'’’’ may have different trends from
the one shown in Figure 10. For example, it could be

made as spiral, zigzag or have irregular shapes.
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CLATIMS

1.- Transmission assembly (3, 3', 3’', 3777, 37777}
for an aircraft (1) capable of hovering, comprising:

- a first and a second member (7, 8);

- support means (9) adapted to support said first
member (7) movably with respect to said second member
(8)7

- a primary lubrication circuit (20) and an
emergency lubrication circuit (22) of said support means
(9) 7

sald primary lubrication circuit (20) comprising a
primary tank (11) of a lubricating fluid and primary
fluidic supply means (12, 26) for supplying said
lubricating fluid to said support means (9);

sald emergency lubrication circuit (22) comprising
an emergency tank (23) fluidically connected to said
primary tank (11); and auxiliary fluidic supply means
(30) of said lubricating fluid to said support means
(9), comprising a nozzle (24);

characterized in that said auxiliary fluidic supply
means (30) further comprise a dosing device (31, 317,
3177, 31777, 317777) and a fluidic line (32) fluidically
connecting said emergency tank (23) with said dosing
device (31, 31', 31'', 31""'", 3177'77);

said dosing device (31, 31', 31'’, 31’'’'’", 31'"'"'")
comprising a passage (33, 33'’’’) for said lubricating
fluid from said fluidic line (32) to said nozzle (24);

sald passage (33, 33’’'’’) comprising a plurality of
concentrated pressure drop sections (6, 6''7’7) of said

lubricating fluid; said concentrated pressure drop
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sections (6, 6’’’’) being distinct and spaced apart from
each other.

2.- Transmission assembly according to Claim 1,
characterized in that said dosing device (31, 31’, 31’',
31"7’) comprises:

- a main body (40, 40’, 40’’, 40’’’"); and

- a casing (41), which surrounds said main body
(40, 407, 40''", 4077 ;

said dosing device (31, 31', 31’7, 31’’’) further
comprising an interstice (34) interposed between said
main body (40, 40’7, 40’’, 40’'’) and said casing (41)
radially with respect to a first longitudinal axis (D)
of said dosing device (31, 31', 31’'’, 31''’); said
interstice (34) defining at least in part said passage
(33).

3.- Transmission assembly according to Claim 2,
characterized in that said main body (40, 40', 407',
40’77 ) comprises a plurality of orifices (35) directed
parallel to said first longitudinal axis (D); said
orifices (35) being part of said interstice (34) and
defining respective sald concentrated pressure drop
sections (6).

4.- Transmission assembly according to Claim 3,
characterized in that said main body (40, 40', 407',
40"77) comprises a central element (42) and a plurality
of disks (43) extending radially from said central
element (42) with respect to said first longitudinal
axis (D); said disks (43) being spaced from each other
along said first longitudinal axis (D); each of said

disks (43) comprising at least one said orifice (35).
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5.- Transmission assembly according to Claim 14,
wherein said disks (43) comprise a radially outer
profile (43a) with respect to said first longitudinal
axis (D); characterized in that each said orifice (35)
is a through hole arranged in a radially inner position
with respect to the relative radially outer profile
(43a) .

6.—- Transmission assembly according to Claim 4,
wherein said disks (43) comprise a radially outer
profile (43a) with respect to said first longitudinal
axis (D) ;

characterized in that each said orifice (35) 1is
obtained at the relative radially outer profile (43a);
each said orifice (35) comprising a groove directed
parallel to said first longitudinal axis (D).

7.- Transmission assembly according to Claim 5 or
6, characterized in that each said disk (43) comprises a
plurality of said orifices (35) angularly spaced from
each other with respect to said first longitudinal axis
(D).

8.- Transmission assembly according to any one of
Claims 2 to 7, characterized in that said main body (40,
40", 40'’, 40’'’’) is releasably couplable to said casing
(41) .

9.- Transmission assembly according to Claim 1 or
2, characterized in that said dosing device (317777)
comprises a main body (40'7’7), which 1s hollow and
within which said passage (33'’’7’) is obtained.

10.- Transmission assembly according to Claim 9,

characterized in that said passage (33'’’’) is a conduit
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comprising:

- at least a first segment (33c’’’’) extending
parallel to said first longitudinal axis (D) of said
dosing device (31'777);

- at least a second segment (33d’’’’) extending
parallel to a direction (E), which is transverse to the
said first longitudinal axis (D), and

- at least one transition segment (33e’’’’), at
which a said first segment (33c¢c’’’’) is Jjoined to a said
second segment (33d'’''7);

said at least one transition segment (33e’’’’)
defining a respective said concentrated pressure drop
segment (6'777).

11.- Transmission assembly according to Claim 10,
characterized in that said passage (33’’’'’) comprises a
plurality of said first and second segments (33c’'’’7,
334777 7)) repeated modularly along said first
longitudinal axis (D).

12.- Transmission assembly according to Claim 10 or
11, characterized in that said passage (33’'’’) has a
coil pattern in a plane of said dosing device (317777)
passing through said first longitudinal axis (D);

sald coill having a first extension parallel to said
first longitudinal axis (D) and a second extension
parallel to said direction (E), said first extension
being greater than said second extension.

13.- Transmission assembly according to any one of
the preceding claims, characterized in that said dosing
device (31, 31’, 31'’, 31’''’", 31''’’) 1is releasably

couplable to said conduit (32).
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14.- Aircraft (1) capable of hovering, comprising
an integral reference system (X, Y, Z); said integral
reference system (X, Y, Z) comprising:

- a second longitudinal axis (X);

- a third axis (Y) orthogonal to the said second
axis (X);

- a fourth axis (Z) orthogonal to said second and
third axes (X, Y) and directed, 1in use, vertically to
the ground during a normal condition of use of said
alrcraft (1); and

- a transmission assembly (3, 3', 3’7, 3777, 37777}
according to any one of the preceding claims;

characterized 1in that said first axis (D) 1is
parallel or substantially parallel to said fourth axis

(Z).
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