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Rotorcratt-convertible motorcar

BACKGROUND OF THE INVENTION

The present invention relates to a rotorcraft-convertible motorcar, that 1s, a motorcar that
can be converted into a rotorcraft, and vice versa, so as to allow passengers to travel both

on the ground and 1n air using the same vehicle.

A rotorcraft-convertible motorcar according to the preamble of independent claim 1 1s
known, for example, from US 2016/0114887 Al. This known rotorcraft-convertible
motorcar comprises a body which encloses a passenger compartment, a front wheel
assembly with a pair of front wheels, a rear wheel assembly with a pair of rear wheels, and
two pairs of retractable supporting arms located on opposed sides of the body and carrying
deployable rotor assemblies, wherein the supporting arms and the rotor assemblies are
accommodated, 1n the closed position (1.e. when the motorcar i1s configured for travelling
on road), 1n respective seats of the motorcar body placed laterally outwardly of the wheels.
Such a known rotorcraft-convertible motorcar 1s rather bulky, as 1t requires additional
space laterally outwardly of the wheels to accommodate the supporting arms and the rotor

assemblies 1n the on-road configuration of the motorcar.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a rotorcraft-convertible motorcar that 1s

more compact than the prior art.

A further object of the present invention 1s to provide a rotorcraft-convertible motorcar that

can be easily switched between an on-road configuration and a flight configuration.

These and other objects are fully achieved according to the present invention by virtue of a

rotorcraft-convertible motorcar as defined in the enclosed independent claim 1.

Advantageous embodiments of the invention form the subject-matter of the dependent
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claims, the content of which 1s to be intended as constituting an integral part of the

following description.

In short, the 1nvention 1s based on the 1dea of providing a rotorcraft-convertible motorcar
wherein the rear wheel assembly has a central rear wheel configured either as a single
wheel or as a twin-wheel and wherein the supporting arms and the rotor assemblies are
configured so that in the on-road configuration the rotor assemblies are accommodated

underneath the passenger cabin, on opposed sides of the central rear wheel.

A rotorcraft-convertible motorcar according to the invention has therefore a structure such
that no additional space laterally outwardly of the front wheels 1s required to accommodate

the rotor assemblies 1n the on-road configuration.

Moreover, a rotorcraft-convertible motorcar according to the invention allows for easy
switching from the on-road configuration to the flight configuration and vice versa.
Switching from the flight configuration to the on-road configuration i1s obtained by
retracting the supporting arms with the rotor assemblies carried thereon under the
passenger cabin by rotation about the respective axes of rotation and by folding the rotor
blades of the rotor assemblies in the closed position. On the other hand, switching from the
on-road configuration to the flight configuration is obtained by extracting the supporting

arms to project laterally outwardly of the passenger cabin and by deploying the rotor

blades.

According to an embodiment of the invention, the motorcar has two pairs of left and right
supporting arms, namely a first pair of left and right supporting arms that in the flight
configuration are arranged on the front side of the passenger cabin and a second pair of left
and right supporting arms that in the flight configuration are arranged on the rear side of

the passenger cabin.

Preferably, the left supporting arms of the first and second pairs of supporting arms are
hinged to the passenger cabin about a same left axis of rotation, while the right supporting

arms of the first and second pairs of supporting arms are hinged to the passenger cabin
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about a same right axis of rotation.

The supporting arms and the rotor assemblies may be configured so that in the on-road
configuration the supporting arms and the blades of the rotor assemblies extend

substantially parallel to a central longitudinal plane of the passenger cabin.

According to an embodiment of the invention, each rotor assembly has a pair of coaxial
rotor hubs each having respective rotor blades connected thereto. Not only this enhances
the lifting capability of each rotor assembly and thus of the rotorcraft-convertible motorcar
as a whole without requiring additional supporting arms, but also helps in balancing the

typically unbalanced forces and torques of the rotorcraft within the single arm.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will become apparent from the
following detailed description, given purely by way of non-limiting example with

reference to the appended drawings, where:

Figures 1, 2 and 3 are a lateral view, a rear perspective view and a top view, respectively,
of a rotorcraft-convertible motorcar according to the present invention, 1n an on-road

configuration; and

Figures 4, 5 and 6 are a lateral view, a front perspective view and a top view, respectively,

of the rotorcraft-convertible motorcar of Figures 1 to 3, in a flight configuration.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

With reference to the drawings, a rotorcraft-convertible motorcar according to the present

invention 1s generally indicated at 10.

The motorcar 10 1s able to switch alternatively between an on-road configuration for

travelling on the ground and a flight configuration for travelling 1n air.
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The motorcar 10 may be configured as an autonomous vehicle or as a non-autonomous or

semi-autonomous vehicle.

The motorcar 10 basically comprises a passenger cabin 12, a front wheel assembly having
a left front wheel 14a and a right front wheel 14b, a rear wheel assembly having a central
rear wheel 16, and at least one pair of left and right supporting arms 18 and 20 carrying

respective rotor assemblies 22 and 24.

The passenger cabin 12 encloses a passenger compartment where at least one seat 26 1s

arranged for accommodating at least one passenger on board of the motorcar.

The passenger cabin 12 comprises a front portion 12a carrying the front wheels 14a and

14b, and a rear portion 12b carrying the rear wheel 16.

Preferably, the floor of the rear portion 12b of the passenger cabin 12 is raised with respect
to the floor of the front portion 12a, as can be seen 1n Figure 1, 1.e. 1s placed at a greater
height to the ground than the floor of the front portion 12a. Moreover, the rear portion 12b
of the passenger cabin 12 has preferably a smaller lateral size than the front portion 12a, as

clearly shown 1n Figure 3.

The left and right front wheels 14a and 14b are placed on respective sides of the passenger
cabin 12 with respect to a central longitudinal plane (indicated P in Figures 3 and 6) of the
passenger cabin 12. The central rear wheel 16 1s 1n the 1llustrated embodiment a twin-

wheel, but 1t may also be a single wheel.

In the 1illustrated embodiment, the motorcar 10 comprises two pairs of left and right
supporting arms 18 and 20, namely a first pair of left and right supporting arms 18 and 20
that in the flight configuration are arranged on the front side of the passenger cabin 12 and
a second pair of left and right supporting arms 18 and 20 that in the flight configuration are

arranged on the rear side of the passenger cabin 12 (see Figure 6).

Each supporting arm 18 and 20 1s pivotally connected at a proximal end 18a and 20a
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thereof to the passenger cabin 12 for rotation about a respective axis of rotation (which 1s
preferably oriented substantially vertically) relative to the passenger cabin 12. Preferably,
as 1n the 1illustrated embodiment, the left supporting arms 18 of the first and second pairs of
supporting arms are hinged to the passenger cabin 12 about a same axis of rotation zi,
hereinafter referred to as left axis of rotation, while the right supporting arms 20 of the first
and second pairs of supporting arms are hinged to the passenger cabin 12 about a same axis

of rotation zr, hereinafter referred to as right axis of rotation.

The supporting arms 18 and 20 are pivotally connected to the passenger cabin 12 through
respective connection hinges 28 and 30, which are preferably placed underneath the floor
of the passenger cabin 12 at a location between the front portion 12a and the rear portion

12b of the passenger cabin.

In the illustrated embodiment, the left supporting arms 18 are pivotally connected to the
passenger cabin 12 through the same connection hinge 28. Likewise, the right supporting

arms 20 are pivotally connected to the passenger cabin 12 through the same connection

hinge 30.

Each supporting arm 18 and 20 carries the respective rotor assembly 22 and 24 at a distal
end thereof, indicated 18b and 20b for the left supporting arms 18 and the right supporting

arms 20, respectively.

Preferably, as in the illustrated embodiment, the distal ends 18b and 20b of the supporting
arms 18 and 20 are raised with respect to the proximal ends 18a and 20a, so that the rotor
assemblies 22 and 24 are placed above a plane passing through the axes of rotation xr and

xr the front wheels 14a, 14b and of the rear wheel 16, respectively.
The supporting arms 18 and 20 are rotatable about the respective axes of rotation zi, and zr
between an extended position (corresponding to the flight configuration of the motorcar)

and a retracted position (corresponding to the on-road configuration of the motorcar).

In the extended position, the supporting arms 18 and 20 are at least partially outside the
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overall lateral size of the passenger cabin 12, wherein the term "overall lateral size” 1s
intended here to indicate the maximum width of the passenger cabin, corresponding to the
distance from the farthest point of the left front wheel 14a with respect to the central
longitudinal plane P to the farthest point of the right front wheel 14b with respect to the

central longitudinal plane P.

In the retracted position, the supporting arms 18 and 20 are both facing rearwards and
oriented substantially parallel to the central longitudinal plane P of the passenger cabin 12,
so that the rotor assemblies 22 and 24 are accommodated underneath the passenger cabin

12, on opposed sides of the rear wheel 16.

Preferably, the supporting arms 18 and 20 are shaped so that in the retracted position the
two left supporting arms 18 are at least partially overlapped to each other and the rotor
assemblies 22 carried by the these supporting arms are arranged side-by-side on the left
side of the rear wheel 16, while the right supporting arms 20 are at least partially
overlapped to each other and the rotor assemblies 24 carried by these supporting arms are

arranged side-by-side on the right side of the rear wheel 16.

Each rotor assembly 22, 24 comprises at least one rotor, preferably - as in the illustrated
embodiment - two rotors 22a, 24a and 22b, 24b, that 1s to say, an upper rotor 22a and a
lower rotor 22b for each of the rotor assemblies 22 carried by the left supporting arms 18
and an upper rotor 24a and a lower rotor 24b for each of the rotor assemblies 24 carried by
the right supporting arms 20. The upper and lower rotors 22a, 22b of the rotor assemblies
22 are arranged coaxially to each other, on opposed sides of the distal ends 18b of the left
supporting arms 18, and are preferably driven to rotate in opposite directions relative to
each other. Likewise, the upper and lower rotors 24a, 24b of the rotor assemblies 24 are
arranged coaxially to each other, on opposed sides of the distal ends 20b of the right
supporting arms 20, and are also preferably driven to rotate in opposite directions relative

to each other.

Each rotor 22a, 24a, 22b and 24b comprises a rotor hub 32 and a set of rotor blades 34

(preferably at least four rotor blades 34) attached at their radially inner ends to the rotor
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hub 32. The rotor blades 34 are configured as deployable blades and are thus equipped
with mechanisms (not shown, but of per-se-known type) for moving the rotor blades 34
with respect to each other between a working position and a non-working position. In the
working position, the rotor blades 28 are fully deployed and are substantially angularly
equally spaced from each other. In the non-working position, the rotor blades 34 are fully
overlapped on each other or, more generally, at least partially overlapped on each other.
Preferably, as in the 1llustrated embodiment, in the flight configuration of the motorcar 10
the rotor blades 34 extend substantially parallel to the central longitudinal plane P of the
passenger cabin 12, like the supporting arms 18 and 20.

The rotors 22a, 24a and 22b, 24b of the rotor assemblies 22 and 24 may be configured as
tilting rotors, 1n order to guarantee manoecuvrability in some or all directions to the
motorcar 10 1n the flight configuration. Furthermore, the rotor assemblies 22 and 24 may

be provided with conventional controls (cyclic pitch control, collective pitch control, etc.).

An electronic control unit (not shown) of the motorcar controls, on the basis for example of
control inputs provided by the driver, movement of the supporting arms 18 and 20 between
the extended and retracted positions as well as movement of the rotor blades 34 between

the working and space-saving positions.

As already mentioned above, the motorcar 10 1s thus switchable between an on-road
configuration (Figures 1 to 3), where the supporting arms 18 and 20 are in the retracted
position and the rotor blades 34 are 1n the non-working position, and a flight configuration,
where the supporting arms 18 and 20 are in the extended position and the rotor blades 34

are 1n the working position.

Thanks to the arrangement of the rotor assemblies 22 and 24, in the on-road configuration
of the motorcar 10, beneath the rear portion 12b of the passenger cabin 12 on opposed
sides of the central rear wheel 16, the motorcar of the present invention has a more
compact structure than the prior art. More specifically, the motorcar of the present
invention does not require additional lateral space for accommodating the supporting arms

18 and 20 with the respective rotor assemblies 22 and 24 in the on-road configuration.



WO 2019/016215 PCT/EP2018/069410

Naturally, the principle of the invention remaining unchanged, the embodiments and the
constructional details may vary widely from those described and 1illustrated purely by way
of non-limiting example, without thereby departing from the scope of the invention as

defined 1in the enclosed claims.



Claims

1. Rotorcraft-convertible motorcar (10) comprising:
a passenger cabin (12) comprising at least one seat (26),

- a front wheel assembly (14a, 14b) with a left front wheel (14a) and a right front wheel (14b),
and a rear wheel assembly (16), and

at least one pair of left and right supporting arms (18, 20) located on opposed sides of the
passenger cabin (12) with respect to a central longitudinal plane (P) of the passenger cabin (12),
each supporting arm (18, 20) carrying a respective rotor assembly (22, 24) having at least one
rotor (22a, 22b, 24a, 24b),

wherein each rotor (22a, 22b, 24a, 24b) comprises a rotor hub (32) and a plurality of deployable
rotor blades (34) connected to the rotor hub (32),

wherein the supporting arms (18, 20) are pivotally connected to the passenger cabin (12) so that
the rotorcraft-convertible car (10) is convertible between an on-road configuration, where the
supporting arms (18, 20) with the rotor assemblies (22, 24) are arranged inside the lateral overall
size of the passenger cabin (12), and a flight configuration, where the supporting arms (18, 20)
with the rotor assemblies (22, 24) are arranged at least partially outside the overall lateral size of
the passenger cabin (12),

characterized

in that the rear wheel assembly has a central rear single- or twin-wheel (16), and in that the
supporting arms (18, 20) and the rotor assemblies (22, 24) are configured so that in the on-road
configuration the rotor assemblies (22, 24) are accommodated underneath the passenger cabin
(12), on opposed sides of the central rear wheel (16).

2. Rotorcraft-convertible motorcar according to claim 1, wherein the supporting arms (18, 20)
and the rotor assemblies (22, 24) are configured so that in the on-road configuration the
supporting arms (18, 20) and the rotor blades (34) of the rotor assemblies (22, 24) extend
substantially parallel to said central longitudinal plane (P).

3. Rotorcraft-convertible motorcar according to claim 1 or claim 2, comprising two pairs of left
and right supporting arms (18, 20), namely a first pair of left and right supporting arms (18, 20)
that in the flight configuration are arranged on the front side of the passenger cabin (12) and a
second pair of left and right supporting arms (18, 20) that in the flight configuration are arranged
on the rear side of the passenger cabin (12).

4. Rotorcraft-convertible motorcar according to claim 3, wherein the left supporting arms (18, 20)
of the first and second pairs of supporting arms (18, 20) are hinged to the passenger cabin (12)
about a same left axis of rotation (z,) while the right supporting arms (18, 20) of the first and
second pairs of supporting arms (18, 20) are hinged to the passenger cabin (12) about a same
right axis of rotation (zg).
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5. Rotorcraft-convertible motorcar according to claim 3 or claim 4, wherein the supporting arms
(18, 20) are shaped so that in the on-road configuration the left supporting arms (18, 20) are at
least partially overlapped to each other and the rotor assemblies (22, 24) carried by the left
supporting arms (18, 20) are arranged side-by-side and wherein the right supporting arms (18, 20)
are at least partially overlapped to each other and the rotor assemblies (22, 24) carried by the right
supporting arms (18, 20) are arranged side-by-side.

6. Rotorcraft-convertible motorcar according to any of the preceding claims, wherein each rotor
assembly (22, 24) comprises first and second rotors (22a, 22b, 24a, 24b), the rotor hub (32) of the
first rotor (22a, 24a) being coaxial to the rotor hub (32) of the second rotor (22b, 24b).

7. Rotorcraft-convertible motorcar according to any of the preceding claims, wherein a rear
portion (12b) of the passenger cabin (12) carrying the rear wheel assembly (16) is raised with
respect to a front portion (12a) of the passenger cabin (12) carrying the front wheel assembly
(14a, 14b), the rotor assemblies (22, 24) being arranged, when the motorcar (10) is in the on-road
configuration, beneath the rear portion (12b) of the passenger cabin (12).

8. Rotorcraft-convertible motorcar according to claim 7, wherein the rear portion (12b) of the
passenger cabin (12) has a smaller lateral size than the front portion (12a) of the passenger cabin
(12).

9. Rotorcraft-convertible motorcar according to any of the preceding claims, wherein each
supporting arm (18, 20) has a proximal end (18a, 20a) pivotally connected to the passenger cabin
(12) and a distal end (18b, 20b) carrying the rotor assembly (22, 24), said distal end (18b, 20b)
being raised with respect to said proximal end (18a, 20a).

10. Rotorcraft-convertible motorcar according to any of the preceding claims, wherein the rotor
assemblies (22, 24) are placed above a plane passing through the axes of rotation (X, Xg) of the
front and rear wheels (144, 14b, 16).



