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CONVERTIPLANE

CROSS-REFERENCE TO RELAT!

L]

D APPLICATIONS

This patent application claims priority from European patent

application no. 19217205.4 filed on 17/12/2019, the entire

pre——

disclosure of which 1s 1ncorporated herein by reference.

TECHNICAL FIBELD

The present 1nvention relates to a convertiplane.

BACKGROUND ART

In the aviation 1ndustry, aeroplanes are normally used for

high c¢cruising speeds, 1n particular above 150 knots and at

high altitudes, for example above 30,000 feet. For high

crulsling speeds and altitudes, aeroplanes use fixed wings to

generate the 1l1ft necessary for sustaining the aeroplane 1n

pre—— pr—

"icient amount of such 1lift can only be achieved

the air. A su

by accelerating the aeroplane on relatively 1long runwavs.

These runways are also needed to allow aeroplanes to land.

Contrariwlse, helicopters normally have lower crulsiling speeds

than aeroplanes and generate the necessary 1lift through

rotation of the maln rotor’s blades. In consequence,

helicopters can take-off/land without the need for horizontal

speed and using particularly small surfaces. Moreover,

pre—— pre——
—

hellcopters are capable of hovering and of flyving at

relatively low altitudes and speeds, thereby beling

—

particularly easy to handle and suiltable for demandlng

manoeuvres, such as mountain or sea rescue operations.

Nevertheless, helicopters have 1ntrinsic limits regarding the

maxlimum operatling altitude, which 1s around 20,000 feet and

the maxilmum operating speed, which cannot exceed 150 knots.

pr——

In order to meet the demand for ailrcrafts capable of having

h— —

the same manoeuvrability and flexibility of use of the
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helicopter and, at the same time, overcome the 1ntrinsic
limits 1ndicated above, convertiplanes are known.
An example of a convertiplane 1s described 1n the patent

application US-B-10,011,349.

In greater detaill, the convertiplane described 1n  the

aforementioned applilication basically comprises:

- a fuselage extendiling along a first longitudinal axis;

- a wiling projecting 1in a cantilever fashion and formed by a

—

Wlngs arranged on respectlive opposite sides of the

g

palr O

fuselage and having respective free ends opposlite to the

fuselage and aligned along a second transversal axX1s

substantilially orthogonal to the first longitudinal axis; and

- a V-shaped tailil portion projecting from the fuselage 1n a

rearward position wilth respect to the wing.

The convertiplane also comprises:

pre——

- a palr of nacelles housiling the respectlve engilnes; and

pre——

- a palr of rotors rotatable about respective third axes and

operatively connected to the respectlve englnes.

The rotors are tiltable with respect to the wing about a

fourth axis, preferably parallel to the second axis.

Fach rotor comprises, 1n a known manner, a mast rotatable

pr—

about the relative third axis and a plurality of blades hinged

on the mast, 1n particular angularly equispaced along the

pr——

clrcumference around the free end of the mast that protrudes

from the respectlive nacelle.

More 1n particular, the Dblades of each rotor extend along
respectlive longitudinal axes, whilich are transversal to the

relative third axis.

The rotors are connected together by an 1nterconnection shaft,
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pr— pr—
p—

which ensures the operation of both the rotors 1n the event of

pre—— pre——

failure of one of the engines. Furthermore, the englnes are

carrled on respectlve wlings mutually opposite to each other

wlth respect to the fuselage.

More 1n partilicular, che englnes are arranged with the

—

respective rotors, 1l.e. at the same distance of the respective

rotors with respect to the fuselage.

In the embodiment descrilibed 1n the abovementlioned application,

the engines are fixed with respect to the fuselage and the

W1ings.

In consegquence, the convertiplane descrilbed 1n the

—
e

abovementloned  patent application comprises a palr  of

transmissions, each 1nterposed between a respective englne and

the respective rotor.

In particular, each transmission comprises a fixed part
connected to the respective englne and a movable ©part

connected to the respective rotor.

Convertiplanes are also able to selectively assume:

- an “Yaeroplane” configuration, 1n which the rotors are

arranged wlth respective third axes substantilially parallel to

the first axis of the convertiplane and coaxial to the

respectlve engilnes; Or

- a “helicopter” configuration, 1n which the rotors are

arranged wlith the respective third axes substantially vertical

—

and transversal to the first axis of the convertiplane and

orthogonal to the respective engilnes.

—

Due to the possibility of tilting the rotors, convertiplanes

pr—— p—

are able to take-o and land 1like a helicopter, 1.e. 1n a

direction substantially perpendicular to the first

pr— pr—
h—

longitudlinal axils of the convertiliplane, without the need of a
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runway.

pr—— pr—

Furthermore, convertiliplanes are able to take-o and land on

pr—

rough terrain or dJdround not normally prepared for such

manoeuvres.

pr——

In addition, convertiplanes are capable of hovering when 1n

the “helicopter” configuration.

—
-

Convertiplanes can also reach and malntaln crulsling speeds O:

pre——

approxilmately 250-300 knots and flight altitudes of up to

approximately 20,000 feet when 1n the “aeroplane”

configuration.

pr—

This crulsing speed 1s much higher than the wvalue of roughly

150 knots deflning the maximum crulsing speed of the

helicopters.

Similarly, the abovementioned altitude 1s much higher than

pre——

that typilcal of hellcopters and enables convertiplanes 1n the

“aeroplane” configuration to avoilid the clouds and bad weather

—

conditions typlcal of lower altitudes.

pre——

Known types of convertiplanes take-o

pr— pp—

and land 1n the

pr——

“helicopter” configuration, as the diameter of the rotors 1is

such that they would strike the ground 1n the Yaeroplane”

configuration. This 1s due to the fact that the rotors of the

—

convertiplanes must have a sufficilently large diameter 1n

order to allow the convertiplane to hover 1n the “helilcopter”

configuration.

Since 1t can  never land/take-off in  the “aeroplane”

—

configuration, the requirements of the convertiliplane are

— —

"erent from those of an aeroplane.

substantially di

In fact, the wing of the convertiplane does not need to
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generate the 1li1ft necessary to counteract 1ts welight 1n low-

speed conditions typical of landing/take-o

—

—

and,

pr—

therefore,

have a smaller wingspan with respect to that of an aeroplane

—

of the same weight.

Furthermore, known types of convertiplanes

aerodynamic li1fting surfaces, which are de:

and the tail portion.

pr——

These aerodynamlc sur

whilch must ensure

convertiplane, 1.e. level

nose—-down attitude, 1n all flight conditilions

faces Jgenerate respe

the longitudinal

pre——

actual weight values of the convertiplane.

In climbing/descent

abovementioned respect

conditions of the

£t

ctive 13

balance

and

only have two

"1ned by the wing

O

pre——

forces,

T the

flight wilth neither a nose-up nor

for all

convertiplane, the

1ve 11ft forces are such as To ensure a

pre——

deslred attitude and angle of balance.

pre——

The abovementlioned condition of 1longitudinal balance occurs

when the algebraic sum of the 1lift/negative 1ift

forces

generated by the wing and by the tall portion balance the

g

actual weight, while the sum of the moments generated by these

lift/negative 1lift forces with respect to the barycentre of

the convertiplane 1s null.

From the foregoing, 1t follows that satils:

—

of balance 1s only pos

the tail portion provide respective lift/negative ]

si1ble when the surfac

pre——

"yving the condition

pr——

es of the wings and

1ft wvalues

unequilvocally determined Dby  the actual welght

convertiplane during the mission.

More specifically, the greater (lesser) the actual weight of

O

T the

pre——
—

the convertiplane, the greater (lesser) the 1i1ft that must be

generated by the wing.
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foregoing, 1t 1s not possible to optimise the

pre——

"lclency, namely the ratio between 1l1ft and

pr—

the wiling when the convertiplane 1s 1n forward

flight 1in the “aeroplane” configuration. In other words, 1t 1s
not possible to configure the wing with a 1l1ft coefficient
O the poilnt of maximum aerodynamic efficiency.

corresponding

This 1s because the continual variation 1n welght and speed of
the convertiplane requlres changing the 11ft coe

the wing via the use o:

pr—

"1clent of

pr— g —
p— p—

aps and, 1n consequence, the 11ft

value generated by the wings.

In conventional aeroplanes, as take-o

pr— pp—

and landing take place

at low speeds, 1t 1s necessary to make the wing with a

wilngspan dJreater than the optimal value for cruilsing, to allow

lncreasing the overall 1li1ft developed by the wilings through a

pre——

corresponding 1ncrease 1n the surface of the wing.

pre——

There 1s awareness 1n the 1ndustry of the need to facillitate

pr—

the use of wings with smaller chord and wingspan, so as to

pr—

reduce the overall dimensions of the convertiliplane, optimilse

the take-off/landing phases in the “helicopter” configuration

by exposing the smallest possible wing surface to the downwash

pre——

of the rotor(s) and, at the same time, optimlise as far as

posslble the

aerodynamic behaviour of the wing 1n the

“aeroplane” confilguratlion and 1n crulsiling condiltions.

There 18 also awareness of the need to maximilise the

aerodynamlc

C

pr——

"1clency of the wings 1n the T“aeroplane”

configuration and, at the same time, reduce as far as possible

lnterference

wlth the downwash of the rotors 1in the

“hellcopter” configuration.

—

There 1s awareness 1n the 1ndustry of the need to ensure the

maxlmum survivability of the convertiplane 1n particularly

severe operatling scenarlos. n Jgreater detail, there 1s
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awareness of the need to have a certain redundancy 1n the

pre——

aerodynamic surfaces of the convertiplane

—

compensate, 1n the event of, the partial loss of one o:

—

pr——

- Them.

so That tThey can

There 1s also awareness 1n the 1ndustry of the need to reduce

as far as possible the leng
and, at the same tTilime, reduce

wWilng.

There 1s awareness 1n the 1ndustry o:

geometric dilscontinultiles assoclated with the

and wing—-engine 1nterfaces.

—

"h O:

the

far as possilble the aerodynamilc

resistance

"he 1nterconnec

—

p—

~1on shaf

pre——

Ve

flexural loads acting on the

- the need to reduce as
caused by the

fuselage-wing

There 1s also awareness 1n the 1ndustry of the need to limit

—

the external 1nstallation of loads or

further equipment on the

convertlplane, to avold 1ncreases 1n aerodynamlc resilistance or

pre——

"ects.

lnterference e

comprilsing:

- a fuselage;

- a wing mounted on the fuselage;

pr——

- a palr of canards mounted on the

wilngs, 1n a cantilever fashion;

- a vertical fin mounted on the

horizontal tailplane 1s mounted.

The tradilitional aeroplane described

g

comprilises a palr of “pusher”

traliling edge of the wing

and

EP-B-00846806 descrilibes a traditional

fuselage

fuselage, 1n

1n EP-B-00846860

aeroplane

pre——

basically

front of the

and on which a

also

propellers arranged behind the

and designed to

aeroplane with the necessary thrust value.

The 1mplemented configuration of

lnapplicable to convertiplanes

—

for

this aeroplane

the

provide

18

the

totally

following reasons.
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propellers to the

convertlplane would requlre rotating these propellers beneath

the

consliderable risk

pre——

Secondly,
traditional manner,

which would be oversized

W1Nng

off/landing conditions.

the aeroplane described 1n EP-

1n the “Yhellcopter” configuration, Jeneratling a

for the operators on the ground durilng take-

B-0084686 has, 1n the

a wing with a particularly large wingspan,

for a convertiplane.

This 1s because sald wling must be able to balance the weilght

the

pre——

OL

pre——

aeroplane

off/landing and must,

chord wvalues.

Furthermore,

described

particularly

therefore, have

—

1n low-speed conditions typilical of take-

certaln wilingspan and

the wings of the aeroplane such as the one

above gene

further 1ncrease the 11

rally require the installation  of

sophisticated and complex

pr— pr—

"1clent of

Tt coe

the l1ft necessary
conditions.

DISCLOSURE OF INVENTION
The aim of

—

for sustalining

pre——
h—

flaps, 1n order toO

the wing and develop

flight 1n low-speed

the present 1nvention 1s the manufacture of a

convertiplane that ena

above-speci:

According

to tThe 1nv

bles to satisty

pre——

at least one of the

"1led needs 1n a simple and lnexpensive manner.

ention, thilis ailm 1s achieved by a

convertiplane as claimed 1n claim 1.

BR

i

D

ESCRL

PTION OF TH.

. DRAWINGS

pr—

For a better understanding of the present 1nvention, three

non—-limitative prefe

hereinafter,

accompanying drawlngs,

purely by

rred embodiments are

—

described

way of example and wilith the aid of the

1n which:

B

- Figure 1 1s a perspective view o0f a

B

first embodiment of a
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pr—

convertlplane made according to the dictates of the present

lnvention and arranged 1n the “hellcopter” configuration;

p—

- Figure 2 1s a perspective view of the convertiplane of

B

F'igure 1 1n the “aeroplane” configuration;

pr— pr—

- Flgure 3 1s a plan view of the convertiplane of Figures 1

and 2 1n the “aeroplane” configuration;

- Figure 4 1s a side view, on a highly enlarged scale, of the

pre——

convertiplane of Figures 1 to 3 according to a first

—

embodiment, with parts removed for the sake of clarity;

— —

- Figure 5 shows a side view of the convertiplane of Figures

to 4 and the support apparatus 1n a second operating

condition;

- Flgure ©6 shows a perspective view, from below, of the

pr—

convertiplane of Figures 1 to 5 and the support apparatus 1n

the second operating condition;

pr——

- Figure 7 shows a perspective view, from below, of the

pr——

convertiplane of Figures 1 to © and the support apparatus 1n a

third operating condition, which 1s 1ntermedlate between the

first and the second operating condilitions;

pre—— pre——
—

- Figures 8 and 9 show further details of the convertiplane of

Figures 1 to 7 on a further enlarged scale, seen 1n

—

perspective from different viewpolnts below;

- Filgures 10 to 14 show a second embodiment of the

convertiplane according to the present 1nvention, in a

pre——

sequence of operating steps;

pr— —

- Figure 15 1s a plan view of the first embodiment of the

convertlplane according to the present 1nvention 1n the

“helicopter” configuration, showlng further details with

respect to Figure 3; and

pre—— pr——

- Figure 16 1s a perspective view of a third embodiment of the

convertlplane according to the present 1nvention 1n the

“aeroplane” configuration.

REST MODE FOR CARRYING OUT THE INVENTION

Referring to Figures 1 to 9, reference numeral 1 1ndicates an

pre——

alrcraft capable of hoveriling, 1n particular a convertiplane.
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the like are used with reference to

pre——

PCT/1B2020/062120

It should be noted that hereinafter 1n this description, terms
front”, Y“at the rear” and

forward flight or hovering

condltions of the convertiliplane 1 shown 1n Figures 1 and 2.

The convertiplane 1 basically comprilises:

pre——

- a fuselage 2 having an axls A of longitudinal extension;

p—

- a palr of wings 3 extendlng 1n a cantillever

respective mutually opposite sides

transversely to the axis A;

pr——

of the fuselage

fashion from

2 and

- a palr of englnes 4 carried by respective wings 3 and each

—

arranged at the 1ntersection of the relatlve wings 3 wilith the

fuselage 2; and

—

- a palr of rotors b5 operatively connected to

engilnes 4 and rotatable about respective axes B.

pre——

respective

The convertiliplane 1 further comprises a palr of nacelles 10

housing respective rotors 5.

The convertiplane 1 further comprises a pluralil

undercarriages © arranged below the

g

—
e

Ly of

“erence

fuselage 2 with re:

to a normal operating position of the convertiplane 1 shown 1n

Figure 2.

The convertiplane 1 further comprise

T]

arranged horizontally 1n a plan view

Alternatively, the convertlplane comprilises a palr of

assoclated with respective wings 3.

pre——

=]

an axis

pre——

of the convertiplan

—

=]

lach axis

a medlan 1line of the relative wilngs 3 and could

dihedral with respect to the fuselage 2.

In the case shown, the axlis E 1s orthogonal to the axis A and

e 1.

£a

AXEeS

1s parallel to

form a

Fach wing 3 develops a 1li1ft having a maln component along an
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[*]

axls 7Z orthogonal to the axes A and

By tilting the rotors 5 about the axis E, the convertiplane 1

can be selectively arranged:

5 - 1n a “Yhelicopter” configuration (shown 1n Figure 1), 1n

pr—

which the axes B of the rotors 5 are orthogonal to the axis A

and the axis E; and

- 1n an Yaeroplane” configuration (shown 1n Filgure 2), 1n

pr—

which the axes B of the rotors 5 are parallel to the axis A

T
4

10 and orthogonal to the axis

The wings 3 are arrandged above the fuselage 2.

Fach wing 3 basically comprilses:

15 - a leading edge 23 and a trailling edge 24 opposlite to each

other; and

- a control surface 26 movable with respect to the wing 3.

Fach wing 3 also comprises a top surface 48 and a bottom

20 surface 49 opposite to each other and both extendling between

the leading edge 23 and the trailling edge 24.

In particular, each top surface 48 delimits the respectilive

wing 3 from above, 1.e. on the side opposite to the relative

25 undercarriage 0. Fach  bottom surface 49 delimilts the

—

respective wing 3 from below, 1.e. on the side of the relative

undercarriliage 6.

—

The medlan 1line of each wing 3 1s equlspaced from the

30 respective leading edge 23 and trailing edge 24.

B

The control surfaces 26 are arranged on the side of the

pre——

trailing edge 24 of the relative wings 3.

35 Each control surface 26 1s hinged to the respective wing 3.
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When the convertiplane 1 1s 1n the Y“aeroplane” configuration

(Figure 2), each control surface 26 1s normally arranged 1n a

—
e

neutral position, 1n which 1t deflnes respective extensions of

pr—

the relative

the top surface 48 and the bottom surface 49 o

wilng 3.

Furthermore, the control surface 260 1s selectively movable

starting from the neutral position to a first ralsed operating

poslitlion and a second lowered operating position.

Preferably, the control surfaces 20 are controlled so as to be

arranged with one 1n the related first ralsed position and the

other appendage 1n the related second lowered operating

poslition. In thilis way, a roll moment 1s generated about the

axls A on the aircraft 1.

When the convertiliplane 1 1s 1n the “helilcopter” configuration

(Figure 1), each movable control surface 26 1s arrandged 1n a

third lowered operating position. In this wavy, the

pr— —

interference of the wings 3 wilth the downwash of the rotors 5,

1n the “helilcopter” configuration, 1s reduced.

Fach second lowered operating position 1s 1nterposed between
the respective neutral position and third lowered operating

position.

Alternatively, each lowered operatling position coilncides wlith

the third lowered operating position.

In the case shown, each engilne 4 1s 1nterposed between the

fuselage 2 and the rotor 5 along the relative wing 3.

More specifically, each engine 4 1s arranged at a connection

interface between a relative side of the fuselage 2 and the

relative wing 3.
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In particular, each englne 4 1s arrandged below the respective

pre——

wing 3 and laterally to the fuselage 2 of the convertiplane 1.

Alternatively, and 1n a manner not shown, each wing 3 of the

5 convertiplane 1 has at least one englne 4 1nstalled on the top

surface 48.

Alternatively, and 1n a manner not shown, each wing 3 of the

convertilplane 1 has at least one englne 4 1nstalled on the

10 bottom surface 49,

pre——

Alternatively, and 1n a manner not shown, the fuselage 2 of

the convertilplane 1 has at least one engine 4 1nstalled on 1ts

pr—

own top surface 100 and on a longitudilinal plane P of symmetry

—

15 of the convertiplane 1.

Alternatively, and 1n a manner not shown, at least one engine

4 1s housed at least partially 1nside the fuselage 2,

pr—

preferably on a longitudinal plane P of symmetry of the

20 convertiplane 1.

The plane P 1s parallel to the axes A and Z and orthogonal to

[*]

(Figures 1 and 2).

the axis

25 The convertiplane 1 also comprises an 1nterconnection shaft

11, which enables the mechanical power connectilion between each

engine 4 and the rotors 5 to ensure the operation of both

pr—— pr— pr—
—

rotors 5 1n the event of faillure of one of the engines 4. The

lnterconnection shaft 11 1s shown 1n the accompanying figures

g

30 by way Of non—-limitative example. Preferably, the

interconnection shaft 11 1s arranged 1n the fuselage 2 for the

greater part of 1ts length.

More speclfically, the interconnection shaft 11 extends along

35 1ts own axlis orthogonal to the axis A and parallel to the axis

£a
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The fuselage 2 also comprises a nose 1

PCT/1B2020/062120

2 arrandged at the front

and a tail portion 13, opposilite each other along the axis A.

pr——

pr—

portion 13 ©

surfaces 19 arranged 1n a V, tilted

symmetrical wlth respect to the axis A.

Fach surface 19, 1n turn, comprilses a

the respective surface 19, orthogonal

pre——

extending from both sides of the respec

Preferably, the surfaces 19 defilne

che convertiplane 1 also comprises a palr of

In the preferred embodiment of the present 1nvention, the tail

pre——

towards each other and

fin 16 transversal to

1n the case shown, and

tive surface 19.

an angle between them

ranging from 40 to 50 degrees, even more preferably 45

degrees.

—

In thilis way, the surfaces 19 of the co

nvertiplane 1 develop a

substantial aerodynamilc force along  the ax1s 7 . This

aerodynamic force provides 1l1ft or nega

tive 1ift.

pr——

Alternatively, through a different combination of the surfaces

19 with respective fins 16, the taill p

like a H, M, T or cross.

pre——

—

ortion 13 can be shaped

—

In particular, the size of the projection 1n plan of the tail

portion 13, 1ndependently of 1ts geometric shape, 1s equal to

pr——

pr——

at least 5%, preferably 10%, of the overall size of the wing 3

[*]

and seen from

parallel to the axis

way, 1n the “aeroplane” configuration

above 1n plan. In this

pre——

of the convertiplane 1,

the tail portion 13 contrilbutes signi:

"1cantly to the balance

and to the longitudinal stability of th

Fach surface 19 comprises, 1n particula

e convertiplane 1.

r.

- a respective leadling edge 35 and a respective trailling edge

306 opposlite to each other; and
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- a respective movable appendage 37 arranged on the respective

trailing edge 30.

Preferably,

the tail portion 13 1s

confligured to dJgenerate a

l1ft or negative 1lift on the convertiplane 1, 1.e. a force

directed upwards/downwards and ac

pre——

cing agalnst/with the weight

force, as necessary 1n order to obtaln the balance, stability

and controllability of the convertiplane 1.

In particu.

pr——

nose 12.

above the

—

ar, the rotors o5 are of the "puller” type.

pr—

In the “helicopter” confiliguration,

wings 3 and on  the

undercarriage 6.

- a portion 20 extending along the axis

axls A and

Fach wing 3 comprilses:

fixed with respect to the

In the “aeroplane” configuration, the rotors 5 are arranged 1n

front of the leading edges 23 of the wings 3 and towards the

the rotors 5 are arranged

opposite si1ide of the

[*]

orthogonal to the

fuselage 2;

- a Tip portion 21 supporting the respective rotor 5 and the

respective

and

- an 1ntermediate portion 22,

nacelle 10, and defining an aerodynamlic surface 25;

which 1s 1nterposed between the

respective portion 20 and the respective tip portion 21.

25 and the relative rotor 5 are tiltable about the axis E

In the case shown,

Fach portion 20 supports the relative engilne 4.

cach tip portion 21, the relative surface

integrally with the relative rotor 5, preferably by an angle

ranglng between 5 and 10 degrees.

g

The 1ntermediate portion 22 of each wing 3 1s hinged to the
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and 1s movable

wlth respect to the relative portion 20 1ntegrally with the

respective

portion 21 during the transformation of

convertiplane 1

stowage coni

possible

axlis 1,

wings 3.

plane P,

L O

also during a

fold

In the case shown,

from tThe

"lguration, which

che respec

the axes

“helicopter” con

1s not shown. In this way,

C1lve wiling 3 abou

pre——

"lguration

—
e

Ve

are 1ncilident 1n the

che respec

step of removing egqulpment from

the

to a

1t 1s

—1lve

longitudina.

the

which 1s parallel to the axes A and Z and orthogonal

to the axis

opposite

In particular,

S

£a

1de O

undercarriliages 6.

Alternatively,

pre——

s1de of

facilitate

the undercarrlages 6 wlth respect to the

the axes

—
e

the axes

the fuselage 2 with

In one embodliment that 1s not shown,

—

prarallel to each other.

In a further embodiment that 1s not shown,

respect to

the axes

folding of the wings 3 one over the other.

Fach portion 20 and the respective 1ntermediate portion 22

integral with each other and extend along the axis E when

convertilplane 1 1s 1n the

“aeroplane”

convertiplane 1 between the Y“hellcopter” con

“aeroplane” con

configuration and during the

In greater detail,

figuration.

Fach tip portion 21 comprilses a respective

cach tTip portion 21 comprises,

“helicopter” confiliguration, 1n

are convergent to one another on the

the

are convergent to one another on the

fuselage 2.

are skew toO

the axes are

are

the

the

transition of the

figuration and the
free end 31.

proceedling
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from the respective portion 22 from the side opposite to the

[*]

axls A and along the axis 1n the “aeroplane” or “helicopter”

configurations, a section adjacent to the respective portion

22, the respective rotor 5 with the respective nacelle 10 and

the respective free end 31.

When the convertiplane 1 1s 1n the Y“aeroplane” configuration,

pr—

the surfaces 25 deflne respective extensions of the respective

portions 20 and the respective intermedilate portions 22.

—

In this Yaeroplane” configuration, a leadling edge 27 of each

pre——

surface 25 1s arranged at the 1in front of the tralling edge 28

pre——

of the same surface 25, proceeding along the axis A.

—
-

In this way, the chord of the surfaces 25 1s arranged

substantially parallel to the axis A.

The tilp portions 21 and the respective surfaces 25 present a

minimum overall surface area comprisling respective leading

edges 27, 28 parallel to the axis A, and a maxlmum overall

surface area defined by the respective top surface and bottom

[*]

surface 29, 30 orthogonal to the axes A and

It 1s 1mportant to stress that when the convertiplane 1 1s

arranged 1n the “aeroplane” configuration, preferably, the tip

and tilted with

[*]

portions 21 can be rotated about the axis

respect to the axls A by a predetermlined angle with respect to

the relative wings 3 and rotors 5. In this way, 1t 1s possible

to further wvary the 1lift developed by the wings 3 wilthout

pre—— pre——

‘1clent of the wings 3.

varying the 11ft coe

Contrariwilise, 1n the “helicopter” configuration, the 1leadiling

edges 27 and trailing edge 28 are arranged orthogonally to the

[*]

axls A and In this way, the chord of the surfaces 25 1s

arranged substantially orthogonal to the axes A and E and the

interference of tThe surfaces 25 with the downwash of the
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respective rotors 5 1s reduced.

Fach surface 25 also comprises a top surface 29 and a bottom

surface 30 extending from mutually opposlite sides between the

respective leading edges 27 and tralling edges 28.

The top surface 29 and bottom surface 30 are

arranged

orthogonally to the axlis A when the convertiplane 1 1s 1n the

“hellcopter” configuration.

pre——

More specifically, the leading edge 27 of each surface 25 1s

arranged above the respective trailing edge 28.

respectlve movable appendages.

Fach rotor 5 basically comprises:

- a mast 9 rotatable about an axis B;

- a hub 7 driven 1n rotation by the mast 9; and

pre——

- a plurality of blades 8 hinged on the hub 7.

The axis E 1s transversal to The axlis A and the axes B.

Since the rotors 5 are 1dentical, reference will

hereinafter to a single rotor 5.

Advantageously, the convertiplane 1 also comprilses a palr of

—

In one embodiment that 1s not shown, the surfaces 25 comprise

be made

—
e

canards 14 arranged on the nose 12 of the fuselage 2 and

defining respective surfaces designed to generate lift.

fashion from respective mutually opposite sides

fuselage 2.

pre——

portion of the nose 12.

O

In greater detail, the canards 14 project 1n a cantilever

T the

In the case shown, the canards 14 are arranged on a lower
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—

"erent embodlment of the present 1nvention, not shown

pre——

In a di

1n the accompanying figures, the canards 14 are arranged on an

— —

upper portion of the nose 12 of the convertiplane 1.

Preferably, the canards 14 are configured so as to Jgenerate a

l1ft with a main component along the axis Z and counter the

pre——

welght of the convertiplane 1.

Fach canard 14 also comprises:

- a respectilive leading edge 17a and a respectlve tralling edge

17b opposite to each other; and

- a respective movable appendage 18 arranged on the respective

trailing edge 17b.

The canards 14, the wings 3 and the tail portion 13 are

arranged at progressively 1ncreasing distances from the

undercarriage 6, proceeding from the nose 12 towards the tail

portion 13.

Fach engline 4 1s housed (Figure 8) 1n a casing 40.

g

The casing 40 1s connected to a respective lateral side of the

pre——

fuselage 2 and to the bottom surface 49 of the respective wling

pre——

3, 1n Jgreater detall to the bottom surface portion 49 of the

pre——

relative portion 20 of said wing 3.

—

In greater detailil, the casing 40 of each engine 4 1s formed

by

- a palr of surfaces 41, 42 opposite each other and

respectively arranged above and below; and

pre——

- a palr of surfaces 43, 44 opposite each other, extending

between the surfaces 41, 42, and respectilively arranged on the

—

side of the fuselage 2 and on the side of the respective rotor

0.
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—

The casing 40 of each engine 4 also defines an alr 1ntake 46

for airflow and an exhaust 47 opposite to the air 1ntake 46 1n

a direction substantially parallel to the axis A.

The surface 41 1s connected to the bottom surface 45 of the

respective wing 3.

The surface 43 1s connected to the fuselage 2.

Preferably, the surface 43 next to the fuselage 2 has a

g

connection portion shaped so as to form a kind of recess 101

developling malnly with respect to the axis A.

Fach recess 101 enables 1mproving the ailrflow 1n a typically

—

critical area of the convertiliplane 1 such as the connection

area between the respective wing 3, fuselage 2 and alr 1ntake

1n particular, to avoilid or minimilise taking boundary-layer flow

pre——

1nto the air 1ntake. The shape of the casing 40, 1n particular

the air intake 46 and/or exhaust duct 47, enables minimising

pre——

vislble trails 1n the infrared spectrum of the engine 4 duriling

—

the flight of the convertiplane 1.

The convertiplane 1 may also comprise a hybrid propulsion

system 50, which transmits power from the engines 4 to the

rotors 5.

More specilfically, the hybrid propulsion system 50 comprises:

- thermal engines 4;

—

- a palr of electric generators 51, operatively connected to

the respective engines 4 to receilive mechanilical power;

—

- a palr of electric motors 52, electrically connected to the

electric generators 51 to recelve electric power and connected

to the hubs 7 of the rotors 5;

- a mechanilical transmission 53 (only schematically shown 1n
Figures 1 to 3 and 15), 1interposed between the engines 4 and

the electric generators 51; and
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- an electric transmilission 54 (only schematically shown 1n
Figures 1 to 3 and 15), 1nterposed between the electric

generators 51 and the electric motors 52.

Preferably, there 1s also a mechanical transmission (not

shown) 1nterposed between the electric motors 52 and the

respective rotor hubs 7.

In the case shown, the electric motors 52 are housed 1nside

respective nacelles 10.

The electric generators 51 are 1nterposed along the axis E

between the engines 4. The electric generators 51 are also

fixed to the fuselage 2.

Preferably, the hvybrid propulsion system 50 1s configured soO

—

as to allow the operation of both the electric motors 52 even

pre——

in the event of failure of one of the engines 4 and/or

pr—

electric generators 51 through the other one of the engines 4

and/or electric generators 51 still operating.

Furthermore, each engine 4 1s sized so as to be able to supply

both the electric generators b1l with sufficlent mechanical

power to ensure that the electric generators 51 power the

pre——

electric motors 52 with sufficient electric power to enable

pre——

correct operation of both rotors 5.

To this end (Figure 15), the mechanical transmission 53

preferably comprises:

pre——

- a palr of transmilission units 57 1nterposed between one

engine 4 and respective electric generators 51; and

pre——

- a palr of transmission units 58 1nterposed between the other

engilne 4 and respective electric generators 5l.

Fach electric generator 51 1s connected to both electric

motors 52, and 1s silzed so as to be able to power Dboth
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pr—

electric motors 52 with a sufficilent electric power to enable

the correct operation of both the rotors b.

The electric transmission 54 preferably comprises:

pre——

- a palr of transmilission units ©7 1nterposed between one

electric generator 51 and respective electric motors 52; and

pre——

- a palr of transmission units 68 1nterposed between the other

electric generator 51 and respective electric motors 52.

With regard to the above-described connectilion layout, each

—

palr of transmission units 67 and 68 can be 1Implemented vilia a

single electric power connection.

—

The system 50 also comprilises a palr of electric power sources

50 electrically connected 1n a selective manner to the
respective electric motors 52. These sources 56 are
selectively actilivatable so as to be able to power the

pre——

respective electric motors 52 wilith an 1ncrease of electric

power for a llmited time 1nterval, for example 30 seconds, 1n

—

the event of failure of one of the englines 4/electric

generators o1, so0 as to enable an emergency manoeuvre tTo be

performed.

pre——

In one embodiment of the present 1nvention, the fuselage 2

also comprises:

- a cargo compartment o©00; and

- at least one opening o6l for access to the cargo compartment
o0; and
- a support element 70, normally housed 1nside the cargo

compartment 60 and selectively movable through the opening o6l

to the outside of the fuselage 2.

The cargo compartment 00 1s arranged 1n a positlion 1nterposed
between the wings 3 and the tail portion 13 along the axis A,

as shown 1n Filgure 5.
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—

The opening ©l 1s delimited by a pair of edges 062, 063,

respectively front and rear, opposite to each other and
respectlively arranged towards the nose 12 and the tail portion

13.

pr——

In addition, the opening 61 1s delimited by a palr of lateral

edges 04, 65, arranged adjacent to respective sides of the

fuselage 2 and extending between the edges 62, 063.

pr—

The opening 61 1s obtalned 1n a portion 15 of the fuselage 2

extendlng at progressively 1ncreasling distances from the

undercarriages 60, proceeding from the wings 3 towards the tail

portion along the axis A.

The support element 70 defines a station 71 for weaponry or

some other object.

—

When the support element 70 1s posilitioned outside of the cargo

compartment o0 and the fuselage 2, the station 71 1s

[*]

SO as not to

interposed between the rotors 5 along the axis

interfere with the rotors 5 along the axis A.

pre——

The convertiplane 1 comprises a palr of panels 66 hinged to

respective edges 64, 05.

The panels 066 are selectively movable between:

- respective closed posiltions, where they face each other, are

coplanar and fully engage the opening ©l, preventing access to
the cargo compartment ©00; and

- respectlve open positions, where they are arranged along

respective planes parallel to and separated from each other,

leaving the opening ol completely free and allowlng access tO

the cargo compartment o©0.

In greater detail, when arranged 1n the respective closed

positions, the panels 66 are contiguous with the fuselage 2.
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Contrariwlse, when arrandged 1n the respective open positions,

the panels 66 protrude 1n a cantillever fashion Dbelow the

fuselage 2 towards the undercarriages 0.

In particular, the panels 66 replace a loading ramp and are

pr— pr—
p—

designed to allow the entry of people and/or loading of

objects 1nside the cargo compartment 60.

The support element 70 1s constralned to the fuselage 2 1nside
the cargo compartment ©60 such that 1t can slide along a
stralght path parallel to the axis 7Z between:

- a retracted position (Figure 4), where 1t 1s completely
housed withilin the cargo compartment 60; and

- an extracted position (Figures 5, © and 7), where 1t 1s

—

arranged outside of the cargo compartment 60.

The element 70 passes through the opening 61 during the travel

between the retracted and extracted positions.

In wuse, the convertiplane 1 lands and takes-off 1n the

“helicopter” configuration and advances 1n the Yaeroplane”

configuration.

In the “helicopter” configuration, when hovering or at low

speed, the 11ft necessary to sustaln the convertiplane 1 1s

provided by the rotors 5 arranged with the respective axes B

=]

orthogonal to the axes A and

In the “aeroplane” configuration, the 1li1ft necessary to

sustaln the convertiplane 1 1s mainly provided by the wings 3.

pr—

The canards 14 provide a lower amount of upward 1lift and the

tall portion 13 provides negative 1lift, 1.e. a force directed

downwards or towards the undercarrilages 6.
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The 1lift wvalues provided by the wings 3 and by the canards 14

and the negative 1lift provided by the tail portion 13 are such

—

as to allow the balancing and stability of the convertiplane 1

1n any operating condition, 1ndependently of the 1lift wvalue

generated by the wings 3.

—
-

In fact, for each wvalue of the convertiplane’s actual weight

pr—

and with a desired wvalue of 1i1ft to be generated by the wings

— —

3 established, 1t 1s possible to find a palr of values for

l1ft generated by the canards 14 and negative 11ft generated

—

by the taill portion 13 such as to balance the weight of the

convertlplane 1 or generate a deslred resultant force parallel

to the axls Z and to generate a resultant null moment wilth

pre——

respect to the barvcentre of the convertiplane 1.

It 1s thus possible to choose as the desired 1lift wvalue the

pr— pr—

one that corresponds to an angle of attack of the wings 3 that

pre—— pr——

"1clency of the respective wing

maxilmlises the aerodynamic e

profilles.

In the Yaeroplane” confiliguration, the movable control surfaces

260 are normally arranged 1n the respective first neutral

positions and are selectively movable, one 1n the first raised

operating position and the other 1n the second lowered

operatlng position, so as to Jgenerate a roll moment directed

about the axis A on the convertiplane 1. In other words, the

movable control surfaces 26 behave like traditional allerons.

In yet other words, the movable control surfaces 26 do not

pr——
—

perform the functions Of flaps 1n the “aeroplane”

configuration.

pre——

f 1t 1s necessary to further 1ncrease the 11ft generated by

pr—

the wings 3 without altering the angle of attack of the

respective portions 20, 22 1n the Yaeroplane” configuration,

1t 1s possible to slightly ti1ilt the tip portions 21, the



15

20

29

30

39

WO 2021/124207 PCT/1B2020/062120
26

respective surfaces 25 and the respectilive rotors 5 with

=]

respect tTo the axes by an angle ranging between 5 and 10

degrees.

Therefore, the function normally performed by the flaps 1s

pre——

optionally performed, at least partially, by the tilting of

the tTip portions 21 and surfaces 25 wilith respect to the axes

=]

In the “helicopter” configuration, the movable contro.

surfaces 26 are arranged 1n the respective third lowered

operating positions, sO as to reduce 1nterference between the

downwash generated by the rotors 5 and the wings 3.

The system 50 also transmits mechanilical power from the englnes

4 to Tthe rotors o.

More specifically, the engines 4 provide mechanical power to

the electric generators 51 via the mechanical transmission 53.
The electric Jenerators b1 provide electric power to the
electric motors 52 wvlia the electric transmission 54. The

electric motors 52 connected to the hub 7 thus drive the masts

9 1n rotation about the respective axes B.

p—

In the event of failure of one of the engines 4, the other

pre——

"1clent value of mechanical power to

pre——

engilne 4 provides a su

—
e

both electric Jgenerators 5 to allow the correct operation of

both rotors 5.

pr—— pre—— pr——
—

In the event of failure of one of the electric generators 51,

pre——

"1clent electric

the other electric generator 51 provides su

power to both electric motors 52 to allow the correct

operation of both rotors 5.

—
-

In the event of failure of one of the engines 4/electric

generators 51 and 1t becomes necessary to perform an emergency
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manoeuvre, the electric power source 56 1s activated so as to

pr—

supply the electric motors 52 with a surplus of electric

power.

pre——

In the case of 1level flight at constant speed 1n the

pre——

“aeroplane” configuration, 1t 1s possible to deactivate one of

pre——

the engines 4, or arrange 1t to a minilmum speed of rotation,

pre——

and actilivate 1t, or 1ncrease the speed of rotation, 1n the

—

event of an emergency manoeuvre.

The panels 66 are normally arranged 1n the respective closed
positions and the support element 70 1s housed 1nside the
cargo compartment 00 1n the retracted position (Figures 4 and

3) .

Starting from this condition, when necessary, Tthe panels 66
are posltioned 1n the respectlve open positions and the
support element 70 1s lowered along a vertical path until 1t
passes through the opening ©l1 and reaches the extracted

position (Figures 5, 6 and 7).

At this poilnt, the station 71 1s 1nterposed between the rotors

£a

5 along the axi1s In consequence, any 1lnterference between

the rotors 5 and the equipment arranged on the station 71, for

example a weapon or a camera, 1s avolded.

Afterwards, the support element 70 1s returned from the
extracted position to the retracted position through the
opening 61 and the panels 66 are agaln poslitioned 1n the
respective closed positions.

pr—

Referring to Figures 11 to 14, a further embodiment of the

convertilplane 1’ according to the present i1nvention 1s shown.

The convertiplane 1’7 1s similar to convertiliplane 1 and will be

pre——

described hereilnafter only with regard to the differences;
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—

where possilble, the same or equilivalent parts of the ailrcrafts

1, 17" will be 1ndicated with the same reference numerals.

In particular, the convertlplane 17 differs from  the

convertiplane 1 1n that 1t comprises only one panel 807

pre——

instead of the panels 66.

The panel 80’ 1s movable wilth respect to the fuselage 2 by

—

rotation about the front edge 62 of the opening 6l, between:

- a closed position (Figure 11), where 1t 1s arranged

contiguously with the fuselage 2, blocks the opening 61, makes
contact with the edges 62, 063, 64, 65 and prevents access to

the cargo compartment ©0; and

- an open position (Figures 12, 13 and 14), where 1t 1s fixed

to edge 62, extends at a progressively 1ncreasing dlstance

from the fuselage 2 proceeding from the edge 62 towards the

edge 63 and gives free access to the opening ol.

In the case shown, the panel 80’ 1s hinged to the front edge

pre——

02 of the opening ©l and has a free end edge 81’ opposite to
edge 02.

When the convertiplane 1’ 1s on the ground and the panel 807

1s arranged 1n the open position, the panel 80’ defilnes the

load ramp for loading people and/or equlipment inside the cargo

compartment o00.

The support element 70’ differs from the support element 70 1n

pr——

that 1t comprises a palr of slides 72’ to which a station 717

1s hinged about an axis H’ parallel to the edges 062, 63.

pr

Support element 70’ also differs from the support element 70

1n that 1t 1s movable, when the panel 80’ 1s 1n the open
position, along an extraction trajectory between:
- an 1nitial position (Figure 12), where the slides 72" are

g

arranged adjacent to the edge 62 of the opening 61 and the
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station 71’ 1s arranged above the panel 80'; and
- an 1ntermediate position (Figure 13), where the slides 727

are arrandged on the edge 81’ and the station 71’ 1s arranged

rearward of the panel 807; and

- a final position (Figure 14), where the slides 72’ are

arranged on edge 81" and the station 71’ 1s arranged below the

panel 807.

More specilfically, the support element 70’ 1s movable, through

—

integral translation of the station 71" and the slides 727,

between the 1nitial position and the 1ntermediate position,

pr——

and 1s movable through rotation of the station 71’7 with

respect to the slides 72’7 between the 1ntermediate position

and the final position.

i e

The convertiplane 1’ also differs from the convertiplane 1 1n

that 1t comprises a constralint assembly 85’7 designed to
constrailn the support element 70" to the panel 80" 1n a

movable manner.

In greater detail, the constraint assembly 85’ comprilises a

pr——

palr of straight guides 90’ parallel to each other, fixed to

pr——

respective mutually opposlite edges of the panel 80’ and on

pre——

which the slides 72’ can slide, durling translation of the

support element 70’ Dbetween the 1nitial position and the
ilntermedlate position and vice versa when the panel 80’7 1s 1n

the open position.

pr— pr— g— pr—

The operation of the convertiplane 1’7 differs from that of the

pr——

convertiplane 1 1n that 1f 1t becomes necessary to use the

station 717, the support element 70’ 1s moved 1n the followlng

manner after the panel 80’ has been arranged 1n the open

position.

In this condition, the support element 70’ 1s arrandged 1n the

1nitial position, where the slides 72’ are arranged adjacent
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to edge 62 and the station 71’ 1s arranged above the panel 80’
(Figure 12).

Then, the slides 72’7 of the support element 70’ slide along
the guides 90’ 1integrally with the station 717 until the edge

31" 1s reached. At thilis point, the support element 70’ 1s
arranged 1n the 1ntermedilate position (Figure 13) and the

station 71’ 1s arranged rearward to the panel 80’.

Lastly, the station 71’ 1s turned about the axis H’ around the

slides 727 until 1t 1s arranged below the panel 80" (Figure
14) .

The support element 70" 1s returned from the final position to

the 1ntermediate position and from the latter to the 1nitial

position and the panel 80’ 1s returned to the closed position.

Referring to Figure 1o, a third embodiment of the

convertiliplane 1’’’ according to the present 1nvention 1s shown.

The convertiplane 1’7’ 1s similar to the convertiliplane 1 and

will be described herelnafter only with regard to the

pre——
h—

differences; where possible, the same or eqgquivalent parts of

the alrcrafts 1, 1’7 will be 1ndicated with the same reference

numerals.

In particular, the convertiplane 177 differs from the

convertlplane 1 1n that the system 50’’ does not comprise the
electric (Jgenerators 51, the electric motors 52 and the
electric transmission 54.

—

The convertiplane 1’7 also differs from the convertiplane 1 1n

that the mechanical transmission 53’’ connects the engines 4

—

and the masts 9 of the rotors 5.

pre——

The operation of the convertiliplane 1’7 differs from that of

B
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pre——

sts 9 of the rotors 5.

pr——
—

PCT/1B2020/062120

1n that the thermal engines 4 directly

pr——
—

examlnation of the characteristics o) the

e 1, 1’7, 1’7 according to the

present 1nvention,

es that can be attalned therewith are evident.

— —

the canards 14 generate 1l1ft that contributes

part of the weight of convertiplane 1, 17, 177.

pr—

pr—

actual weight of the convertiplane 1, 17,

changes 1n the actual weight o

—

In the Yaeroplane” configuration, this allows Jgenerating the

of 1li1ft with the wings 3 1ndependently of the

177, In TfTact, the

the convertiplane 1, 17, 177

are balanced by correspondling changes 1n the 11ft generated by

the canards

14 and the negative 1lift generated by the tail

pr——

portion 13 such as to ensure the desired wvalue of resultant

respect to t

Therefore, 1

—

coefficient

aerodynamlc
convertiplan

described 1n

Moreover, 1n a mannher completely di

force along the axis 72 and piltch moment about the axis

he barycentre.

wlth

[*]

t 1s possible to configure the wings 3 with a 11ft

—

and an angle of attack correspondling to maxlimum

pr——

e 1, unlike the known tvypes

pre——

g

efficiency so as to optimlise consumption of the

pre——

of convertiplanes

the 1ntroductory part of thils description.

p—

"erent

—

from what happens

1n traditional types of aeroplanes, there 1s no need to

lncrease The sur:

1l1ft value d

—

pre——

uring the take-o

"ace of the wings 3 to generate an additilonal

"/landing phase.

This 1s because, unlike aeroplanes, the convertiplane 1, 17,

177 takes—-of

~/lands in the “helicopter” con

lntermediate

“helicopter”

conflguration between the

conflgurations.

figuration or 1n an

“aeroplane” and
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pr—

In brief, the canards 14 firstly allow reduclng the wing

surface and, 1n consequence, the wingspan and chord of the

wings 3 and, at the same time, optimising the aerodynamic

— —
-

efficiency during the phases of forward flight 1n the

5 “aeroplane” configuration.

In other words, the configuration with three 1lifting surfaces

deflined by the wings 3, the canards 14 and the tail portion 13

are much more advantageous when applied to the convertiplane

10 1, 17, 1’7" rather than a conventional aeroplane, for example,

pre—— pr——

of the type described 1n the 1ntroductory part of this

description.

Secondly, the canards 14 provide additional 1lift that reduces

15 the 1lift that must be developed by the wings 3 and so reduces

the stress acting on them.

Thirdly, the canards 14 form a further 1lifting surface, which

enables operating the convertiplane with a certain safety

20 margln 1n particularly severe operatlng scenarilos.

More specifically, the presence o0of canards 14 on the

convertiplane 1, 1’7, 1’7 of the present 1nvention enables

pre——

lncreasing the survivabillity of the aircraft 1n situations

25 where, due to unforeseeable external causes, there 1s partial

pr—

and/or complete loss of operation, and therefore of the

p—

aerodynamic contribution, of the other aerodynamic surfaces,

pr— —
-

for example, a section of the tail portion 13 or a section of

cach wing 3.

30
Thus, the convertiplane 1, 1’7, 1’7 of the present 1nvention
advantageously allows covering every operating configuration
of the predetermined flight envelope even 1n the event of a
partial loss of aerodynamic surfaces.

35

Furthermore, the engines 4 are arranged below the respective
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wilngs 3 1n a connection 1nterface area between the fuselage Z

and the respective wings 3, and are connected to respective

sides of the fuselage 2.

pre——

Thanks to this conflguration, 1n the event of an emergency

vertlical landing, the bendling moments acting on the wings 3

—

due to the welght of the engines 4 are drastically reduced

pre——

wlth respect to the known types of convertiplanes described 1n

—

the 1ntroductory part of this description. In addition, the

lnterconnection shaft 11 has a particularly short length with

respect to the aforementioned known solutions and 1s

consequently subjected to lower twlsting and bending moments

pre——

for the same amount of transmitted torque. Finally, the

pr—

position of the engines 4 particularly close to the fuselage 2

p—

facllitates the possible folding of the wings 3 to arrange the

convertiplane 1, 17, 1'" 1n a stowage configuration, not

pr——

shown, and the possible removal of accessories housed 1nside

pr——

the wings 3 to allow the stowage of particularly bulky loads

1nside the wings 3. These operations are further facilitated

1n that portions 22 are hinged to respective portions 20 and

can thus be turned about the respective axes I wilith respect to

the respective portions 20.

pre——

The movable control surfaces 26 of the wings 3 are controlled

SO as to be arranged only with both 1n the respective neutral
positions, or one 1n the second ralsed operatling position and

the other 1n the third lowered operatling position, when the

convertiplane 1, 1’ 1s 1n the Y“aeroplane” configuration and 1t

1s necessary to generate roll motion about the axis A.

In other words, the movable control surfaces 260 only behave

l1ke allerons and not l1ke flaps 1n  the “aeroplane”

pre——

configuration of the convertiplane 1, 17, 177.

—

f 1t 1s necessary to vary the overall 1lift generated by the

wings 3 while the convertiplane 1 1s 1n the MYaeroplane”
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B

configuration, 1t 1s possible to tilt the tip portions 21 of

the wings 3 with the respective rotors 5 and/or aforementioned

[*]

In other words, referring to the Y“aeroplane” configuration,

che tip portions 21 of the wings 3 perform the function
normally carried out by the flaps 1n known types of
convertilplanes.

—

The adjustment of the 1lift 1s thus advantageously obtalned by

pr— pr——

using the tilting of the tip portions 21 of the wings 3

supporting the respective rotors o and advantageously

eliminating the flaps from the wings 3.

The system 50 has the followlng advantages.

Firstly, the electric generators 51 are 1nterposed between the

T
-

electric motors 52 along the axis E and the engines 4 are

arranged on respective 1nterface corners between fuselage 2

and respective wings 3. In consedquence, similarly to the

interconnection shaft 11, the transmilission 53 also has

and 18

=]

particularly small dimensions along the axis

consequently subject to lower twisting and bending moments

—

wlth respect to the solutions of a known type descrilibed 1n the

pre——

introductory part of thils description.

Secondly, each engine 4 1s mechanically connected to both

electric generators 51 and 1s sized so as to be able to power

pre——
h—

both the electric generators 51 to generate a level of

g

electric power such as to allow the correct operation of the

rotors 5.

pr— pr— pr—
—

This means that 1n the event of failure of one of the englnes

pr—

mechanical

4, 1Tt 1s possible to preserve the correct supply o

power to the rotors 5 and the correct operation of the

convertiplane 1, 17, 177.
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Moreover, 1t 1s ©posslble to deactivate, or operate at a

pr—

minimum speed of rotation, one of the englnes 4 and only

activate 1t only when 1t necessary to make supplementary

electric power avallable for the electric generators 51.

Secondly, each electric generator 51 1s connected to both the
electric motors 52 and 1s sized so as to be able to

electrically power Dboth the electric motors 52 with the

correct wvalue of electric power, 1n the event of i

fallure o:

the other electric generator 51.

In consequence, 1t 1s posslible to preserve the correct

pre—— pre——
—

operability of the convertiplane 1, 1’7, 1’7 1n the event of

failure of one of the electric generators 51, further

—

lncreasing the redundancy level of the system 50.

pr—

Thirdly, the selective activation of the electric power source

50 enables being able to power the respective electric motors

pre——
—

52 wilith an 1ncrease 1n electric power for a limited period of

pr—— pr——
h—

time, for example 30 seconds, 1n the event of failure of one

—

of the engines 4/electric generators 51, so as to enable an

emergency manoeuvre to be performed.

Fourthly, each rotor 5 1s driven 1n rotatlion by a relative

electric motor 52. It 1s thus possible to manage the

pr— pr—
p—

rotational speed of each engine 4 and the rotational speed of

the relative electric motor 52 1n a completely 1ndependent

g

cach

manner. This allows regulating the rotational speed o

pr— pr—

rotor 5 1ndependently of the rotational speed of the relative

engine 4. It 1s thus possible to qguickly adjust the operation

of the rotors 5 to the different operating conditions of the

convertiplane 1, 1’7, 1'", while keeping the engines 4 1n a

minimum fuel consumptlion condition.

The support elements 70, 70’ enable setting, durling a flight
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—

configuration of the convertiplane 1, 17, 1’’, the station 71,

71" 1n a posilition below the fuselage 2 and 1nterposed along

[*]

between the rotors 5.

the axis

pr——

In this way, the extension of the station 71, 71" along the

axls A 1nterferes nelther with the rotors 5 nor the fuselage

2 .

It 1s thus possible to arrange a weapon on the station 71, 717

wlithout causing any risk of damage to the convertiplane 1, 17,
177,

The panel 80" 1s advantageously used both as a loading ramp

pre——

when the convertiplane 17 1s on the ground and for

constralning the support element 70’ to the convertiplane 17

and allowing 1ts movement between the 1nitial and final

positions.

It 1s clear that modifications and varlants can be made to the

convertiplane 1, 1’7, 1’7 set forth herein without departing

from the scope defined 1n the claims.

pr—

In particular, the convertiplane 1 could land and take-o 1n

an 1ntermediate configuration, between the Yhelicopter” and

“aeroplane” configuration.

In addition, each tip portion 21 might not comprise a sectilion

adjacent to the respective portion 22. In this case, each tip

portion 21 would only comprilise the respective rotor 5 with the

respective nacelle 10 and the respective free end 31.

Furthermore, the cargo compartment 60, the opening o6l and the

support element 70, 70" could be 1nstalled 1n a helicopter

—

instead of 1n the convertiplane 1, 17, 177.
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CLAIMS
l1.- A convertiplane (1, 1’7, 1'") comprising:

- a fuselage (2) having a first longitudinal axis (A) and, 1n

turn, comprilising a nose (12) and a tailil portion (13);

pre—— pre——

- a palr of wings (3) arranged on respectilive opposlite sides of

sald fuselage (2), carryving respective rotors (5) and

generating a first lift/negative 1lift wvalue;
- at least one engilne (4) operatively connected to said rotors
(o), and

- at least one filrst lifting surface (19, 1lo6) arranged on said

tail portion (13) and generating a second lift/negative 1ift
value;

cach said rotor (5), 1n turn, comprising a mast (9) rotatable

about a second axis (R);

sald mast (9) of each said rotor (5) being i1ntegrally tiltable
)

transversal to sald second axilis (B) and with respect to said

]

wilith said second axis (B) about a relative third axis (:

fuselage (2), so as to set sald convertiplane (1, 17, 177)

between a helicopter confliguration and an aeroplane

confliguration;

cach saild second axis (B) being, 1n use, transversal to saild

first axis (A) of said convertiplane (1, 1’, 1’’) in said

helicopter configuration and being, 1n use, substantially

parallel to sald first axls (A) 1n sald aeroplane

configuration;

sald rotors (5) projecting from sailid wings (3) from the side

pr— pr—

of sald nose (12) of sailid fuselage (2) when sailid convertiliplane

(1, 17, 1’77) 1s 1n said aeroplane configuration;
sald rotors (5) being arranged, 1n use, above sald wing (3)

when said convertiplane (1, 17, 1’7) 1s 1n sailid helicopter

configuration;

pr—

sald convertiplane (1, 1’7, 1’’) 1landing and takling-off, 1n

use, 1n sald helicopter confiliguration or 1n an 1ntermedlate

configuration between salid aeroplane and helicopter

confligurations;



15

20

29

30

39

WO 2021/124207 PCT/1B2020/062120
38

pre——

characterised 1n that 1t comprises a palr of canards (14)

arranged at salid nose (12) of said fuselage (2) and defining

respective second lifting surfaces adapted to generate a third

lift/negative 1ift wvalue.

2.— The convertiplane according to claim 1, characterised 1n
that 1t comprises at least two salid engilnes (4) operatively
connected to respective said rotors (5);

cach said englne (4) beiling 1nterposed between the relative

sald rotor (5) and said fuselage (2) along the relative said

wing (3);

sald convertlplane (1, 17, 177) further comprising an

lnterconnection shaft (11) i1interposed between sald engines (4)

and carried by said fuselage (2) for a dJgreater part of 1ts
length.
3.— The convertiplane according to claim 1 or 2, characterised

1n that the overall space occupled 1n plan view by said tail

portion (13) 1s at least 5%, preferably at least 10%, of the

overall space occupled by said wings (3).

—

4.—- The convertiplane according to any one of the precediling

claims, characterised 1n that each said wing (3), 1n turn,

comprises:

- a first portion (20), fixed with respect to said fuselage

(2)
- a second tip portion (21), 1ntegrally tiltable with the

) ;

]

relative said mast (9) about the relative said third axis (.
and

- a third 1intermediate portion (22), which 1s 1nterposed

between the respective said first portion (20) and the

respective saild tip portions (21);

sald thilird 1intermediate portion (22) of each wing (3) belng

—
e

hinged to sald first portion (20) of the respective wing (3)

about a fourth axis (1I).
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5.— The convertiplane according to claim 4, characterised 1n
that said fourth axes (I) are 1ncident with one another 1n a

longitudinal plane (P) of said convertiliplane (1) comprilising

sald first axis (A), or are skew, or are parallel to each

Other.

pre——

6.— The convertiplane according to any one of the preceding

claims, characterised 1n that said canards (14), said wlings

(3) and said tailil portion (13) extend at respective

progressively 1ncreasiling distances from an undercarriage (6)

pre——

of said convertiplane (1, 1’7, 1’77), proceedlng along said

first axis (A) from said canards (14) towards saild tail

portion (13).

p—

/.— The convertiplane according to any one of claims 4 to 6o,

characterised 1n that said first portion (20) of each said

wilng (3) comprilises a first movable control surface (26)

selectively movable with respect to the relative said wing (3,

37) between:

- a related filrst railised operating position, wilith which a

—

first 1li1ft value of the relative saild wing (3) 1s assoclated;

- a related second lowered operating posilition, with which a

second 1lift wvalue, distinct from said first wvalue, of the

relative sald wiling (3) 1s assoclated; and

- a related third lowered operating position colncident wilith

Oor separate from the related said second lowered operatiling

position;

sald control surfaces (26) being controllable so as to be

arranged with one 1n the related first raised operatling

position and the other 1n the related said second lowered

operating posilition 1n sald aeroplane configuration to control

the roll of saild convertiplane (1) about sailid first axis (A);

sald control surfaces (20) belng both arranged 1n the

respective third lowered operating positions 1n sald

helicopter configuration;

sald second tip portion (21) being tiltable by an angle
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between 5 and 10 degrees about said third axis (E) so as to

arrange the second axis (B) of the relative said rotor (5)

tllted with respect to sailid first axis (A) and change the 1ift

generated by saild wing (3), when sailid convertiplane (1) 1s 1n

sald aeroplane configuration.

pre——

3.— The convertiplane according to any one of the preceding

claims, characterised 1n that said fuselage (2) comprises a

cargo compartment (00) and at least one movable panel (066,

807 ) delimliting said cargo compartment (60);

sald panel (o6, 807) being selectively movable between:

- a closed position, 1n which 1t closes sald cargo compartment
(060),; and

- an open position, 1n which 1t gives access to sald cargo

compartment (060) from the outside;

sald convertiplane (1, 17, 1’7) further comprising a support
element (70, 70’) housed 1nside salid cargo compartment (60) 1n
a retracted position when sald movable panel (66, 80’) 1s 1n
sald closed position and movable to an extracted position

pre——

outside of sailid cargo compartment (60);

sald support element (70, 70’) comprilising a station (71, 717)

for equipment; said station (71, 717) being 1nterposed between

pr— p—

set from said

sald rotors (5) along said third axis (E) and o

fuselage (2) along said filrst axis (A), when saild support

element (70, 70’7) 1s 1n said extracted position.

9.- The convertiliplane according to claim 8, characterised 1n
that sald support element (70) 1s constralned 1n a sliding
manner 1nsilde salid cargo compartment (60) and 1s movable on a

pr—— [}

stralght translation path along a fifth axis (Z), between said

retracted and extracted positions, when said panel (66) 1s, 1n

use, 1n sald open position;

pre—— |

sald fifth axis (Z) belng transversal to a plane defined by

sald first and third axes (A, E).

10.— The convertiliplane accordiling to claim 8, characterilised 1n
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that said panel (80’7) deflnes a 1loading ramp when 1t 1s
arranged 1n sald open position and sailid convertiplane (1, 17,
177) 1s, 1n use, on the ground;

sald support element (70’7) belng constralned 1n a movable

manner to said panel (807);

sald support element (/70") and sald station (717) belng
integrally slidable with respect to one another along a
translation path wilith respect to said panel (807), between an
lnitial position and an 1ntermediate position, when said panel
(807 ) 1s 1n sald open position;

sald station (717 ) belng arranged 1n sald 1ntermedilate
position exXternally to said cargo compartment (00) and, 1n

pre——

use, rearward of said panel (807);

sald station (717) belng hinged onto sald support element

(70") and being rotatable about the support element (707)

between sald 1ntermediate position and a final position 1n
which the station (717) 1s arranged outside sailid cargo
compartment (60) and, 1n use, below sald panel (80’7), when
sald panel (80’7) 1s 1n sald open position.

—

11.- The convertiplane according to any one of the preceding

claims, characterilised 1n that 1t comprilises:

—

- a palr of electric motors (52) operatively connected to

respectlive sald rotors (5) and adapted to drive the rotors (5)

1n rotation:;

pre——

- a palr of electric generators (51) electrically connected to

respectlive sald electric motors (52) and operatively connected
to respective sald engilines (4);

sald engines (4) being thermal engines.

12.—- The convertiplane accordiling to claim 11, characterised 1n

that sald electric generators (52) are 1nterposed between sailid

engines (4) along said third axis (E); and/or
characterised 1n that said electric motors (52) are 1ntegrally

tiltable with the respective sald rotors (D) about the

respective salid third axes (E).
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13.- The convertiplane according to c¢laim 11 or 12,

characterised 1n that 1t comprises, for each said rotor (5):

- a nacelle (10) housing the rotor (5) and the respective

5 electric motor (52); and

- a hub (7) operatively connected to the respective mast (9)

and mechanilically connected to the respective electric motor

(02) .

pr—
-

claims 11 to

10 14.- The convertlplane according to any one oO:

13, characterised 1n that each said engine (4) 1s operatively

connected to both said electric generators (51) and 1s sized

pre—— pre——

sO as to provide a 1level of mechanical power necessary for

pre——
—

powerilng both said electric generators (51) 1n the event of

15 failure of the other said engine (4); and/or

characterised 1n that each said electric generator (51) 1s

operatively connected to both said electric motors (52), and

pre——

1s slzed so as to provide a level of electric power necessary

pre——

for powering both sald electric motors (52) 1n the event of

20 fallure of the other said electric generator (51).

pr—

15.—- The convertiplane according to any one of claims 11 to

14, characterised 1n that 1t comprises an electric enerqgy

pre——

source (56) operatively connectable to at least one of said

25 electric motors (52) and operable, for a predetermined time,

to provide additional electric power to sald at least one of

sald electric motors (52).
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