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(57) Abregé/Abstract:
A convertiplane having a wing In turn having two half-wings, each defined by a fixed portion adjacent to the fuselage, and by a
movable portion rotating, with respect to the fixed portion, about a beam element extending the full length of the wing; the beam
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(57) Abrege(suite)/Abstract(continued):

element supports, integrally, rotors located at respective ends of the wing, and engines connected to the rotors by a transmission,
and Is rotated about a respective axis by actuators to change the position of the rotors from a vertical-axis position wherein the
convertiplane operates Iin helicopter mode, to a horizontal-axis position wherein the convertiplane operates in airplane mode.
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ABSTRACT

A convertiplane having a wing in turn having two half-
wings, each defined by a fixed portion adjacent to the
fuselage, and by a movable portion rotating, with respect
to the fixed portion, about a beam element extending the
full 1length of the wing; the beam element supports,
integrally, rotors located at respective ends of the
wing, and engines c¢onnected to the rotors by a
transmission, and is rotated about a respective axis by
actuators to change the position of the rotors from a
vertical-axis position wherein the convertiplane operates
in helicopter mode, to a horizontal-axis position wherein

the convertiplane operates in airplane mode.
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CONVERTIPLANE

The present invention relates to a convertiplane.

As 1is known, convertiplanes are hybrid tilt-rotor
aircraft combining the advantages of fixed-wing, turbo-
propeller aircraft and helicopters.

A l fixed-wing aircraft (airplane) 18 me?.intained
airborne- by the lift produced by the winé. Sufficient
1lift to sustain the aircraft, however, can only be
achieved over and above a given minimum SsSpeed, which, in
turn, can only be achieved by accelerating the aircraft
on a runway of appropriate length. This obviously also
applies to commuter turbo-propeller airplanes. Once
airborne, a turbo-propeller airplane 1i1s capable of
reaching and maintaining a cruising speed of about 500
km/h and a typical altitude of 7500 meters enabling it to
fly over most cloud formations and atmospheric
disturbance. The continual increase 1in air traffic,
however, will eventually result 1in small - e.g. 15-30-
passenger - aircraft being excluded from long-distance
routes, by 6ccupying traffic windows which could be used
more profitably by larger aircraft. Fixed-wing aircraft
also pose environmentalproblemé,particularly as redgards

acoustic pollution of residential areas around airports,
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which are necessarily covered at low altitude.

A helicopter is maintained airborne by the Il1ift
provided by the rotor, which is rotated relative to the.
air by the engines with no need for horizontal speed, 6O

s that a helicopter can take off -and land vertically on
emall surfaces not much larger than itgself. For a
helicopter to acquire horizontal speed, part of its 1lift
must be directed forwards, which is done by slightly
tilting the rotor disk. Limitatlons inherent 1n the

10 ae:odynamics of the rotor, however, limit the maximum
speed of a helicopter to Jjust over 300 km/h, with a
normal cruising altitude of, at best, 3000-3500 merers
and a smaller range than an airplane with the same load
and fuel capacity. A fundamental characteristic typical

15 of helicopters is their ability to hove:r, which accounts
for their being used almost exclusively 1n civil and
military search, rescue or surveillance applications
calling for direct intervention in unequipped areas.

To combine the speed, range and efficiency of a

20 fixed-wing, turbo-propeller aircraft with the hovering

snd vertical takeoff and landing ability of a helicopter,
convertible aircraft or convertiplanes have  been
developed. These are characterized Dby an external
structure similar to that of a turbo-propeller airplane,

»s but have two rotors, on the ends of the wing, which can

be tilted upwards to sustain the craft 1in helicopter

mode, and forwards for thrust in airplane mode, thus

enabling the craft to take off and land in small spaces,

)
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in exactly the same way as a helicopter, and to cruise at
high speed and altitude like an alrplane. The advantages,
with respect to a conventional helicopter, of such a
combination therefore lie in almost twice the cruising
speed (500 as opposed to 300 km/h) ; substantially twice
the range for a given load and fuel capacity, which
obviocusly makes the craft more profitable; and over twice
the cruising altitude, so that the craft 1is unaffected by
weather conditions (clouds, turbulence) over most of the
flight. The advantages with respect To a conventional
airplane, on the other hand, lie 1in the ability of the
craft to take off and land in small spaces, and to hover.

Convertipianes, however, are highly complex aircraft
which are extremely difficult to control. Which, together
with the high cost involved, is why they have so far only
be used on a small scale, and substantially only for
military applications.

At present, subgtantially WO convertiplane

configurations are known : tilt-rotor and tilt-wing.

In the case of the first, each engine-rotor assembly
can be rotated with respect to the relative half-wing to
direct the thrust of the rotor upwards when taking off,
landing or hovering, or forwards for cruising. This type
of confiquration has several drawbacks.

In particular, the downward load on the wing caused
by the wash of the rotors seriously impairs hovering .

performance. The resisting force (in opposition to the

thrust of the rotors) may' reach 10-14% of the aircraft's
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weight, which is a significant percentage when compared
with the pay load to total aircraft weight ratio of about
20%. To minimize the phenomenon, the wing 1s provided
with movable surfaces of a much larger area and a much
wider range of movement than a conventional fixed-wing
é.ircraft, which greatly increases the mechanical
complexity of the wing.

Moreover, during conversion, the flow induced by the
rotor on the wing combined with the flying speed causes
the wing to operate with a very large angle of attack
with reépect to relative wind, which 1in turn causes
stalling problems accompan;i.ed by vibration, oscillatory
loads and high resistance. Stalling also reduces the so-
called conversion corridor, i.e. the range of permissible
rotor positions and airc;:aft speeds during conversion
from helicopter mode to airplane mode and vice versa.

Another problem posed by interaction of the rotors
and the fixed wing of tilt-rotor convertiplanes is the
difficulty in achieving stable autorotation in helicopter
mode.

In the so-called tilt-wing configuration, the
position of the rotors is adjusted by rotating the whole
wing-propulsicn system assembly to reduce interaction of
the rotor wash and the wing in helicopter mode. On the
other hand, conversion from helicopter to airplane mode
and vice versa is extremely critical, which is why this

configuration has found very little practical

application.
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It is an object of the present invention to provide
a convertiplane desigmned to eliminate the aforementioned
drawbacks typically associated with known types.

According to the present invention, there 1s
provided a convertiplane comprising:

a fuselage;

a wing having a central portion fixed to said
fuselage, and two half-wings projecting from said
fuselage;

two  rotors carried by respective supporting
structures at the ends of said half-wings, and having
respective shafts;

two engines fixed to respective said half-wings by
respective supporting means;

transmission means connecting each of said rotors to
both said engines; and

means for changing the position of sald rotors.
between a helicopter mode wherein said shafts of said
rotors are substantially vertical, and an airplane mode
wherein said shafts of said rotors are substantially
horizontal;

characterized in that said means for changing the
position of said rotors comprise a beam element extending
the full length of the wing, rotating about a respective
axis, and rigidly i.énterconnect ing salid supporting
structures of said rotors; and first actuating means for
rotating said beam element about said axis;

said half-wings comprising respective fixed portions
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adjacent to said fuselage, and respectilve movable

portions rotating about said axis of said beam element;

said convertiplane comprising second actuating means
for rotating said movable portions with respect to said
fixed portions.and to said beam element.

In a preferred embodiment of the present invention,
said supporting means of said engines are also connecteci
rigidly to said beam element.

Two preferred, non-limiting embodiments of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

F.;Lgure 1 shows a plan view of a first embodiment of
a convertiplane in accordance with the present invention;

Figure 2 shows a front view of the Figure 1
convertiplane with a half-wing in helicopter wmode and a
half-wing in airplane mode;

Figure 3 shows a side view of the Figure 1
convertiplane in helicopter mode;

Figure 4 shows a side view of the Figure 1
convertiplane in airplane mode;

Figure 5 shows a side view of the Figure 1
convertiplane in airplane mode and a landing
configuration; .

Figure 6 shows a plan view of the convertiplane with
a half-wing in helicopter mode and a half-wing in
airplane mode, and illustrating schematically a device
for changing the position of the rotors;

Figure 7 shows a schematic section along line VII-
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VII in Figure 6;

Figure 8 shows the same section as in Figure 7, but

in a different operating position;
Figure 9 shows a schematic section along line IX-IX
5 1in Figure 6; .
Figure 10 shows the same section as in Figure 9, but

in a different operating position;

Figure 11 shows a schematic section along line XTI-XT

in FPigure 6;

10 -Figures 12 and 13 show the same section as in Flgure

11, but in two different operating positions;

Figure 14 shows a plan view of a second embodiment

of a convertiplane in accordance with the present

invention;
15 Figure 15 ghows a front view of the Fiqure 14
convertiplane.

With reference to Figureé 1 to 4, number 1 indicates
as a whole a convertiplane comprising a fuselage 2; and a
wing 4 having a central portion 5 fixed to fuselage 2,

20 and two half-wings 6 projecting from fuselage 2.

Wing 4 houses a beam element or tubular longitudinal
member 7 longitudinally extending the full length of the
wing along an axig A., and rigidly interconnecting two
supporting structures 9, which are housed in respective

75 nacelles 10 located at the ends of wing 4 and supporting
respective rotors 11, the shafts 12 of which - of

respective axes Bl and B2 - are housed inside the

nacelles.
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Fach half-wing 6 comprises a fixed portion 13
adjacent to fuselage 2; and a movable portion 14, which
rotates, with respect to £fixed portion 13, about beam
element 7, i.e. about axis A, and has control surfaces
(ailerons) 15 for governing the aircraft in airplane
mode. Movable portion 14 forms the whole of the wing
portion extending between fixed portion 13 and nacelle 10
supporting respective rotor 11.

Convertiplane 1 comprises two engineé 20 housed 1in
respective powef nacelles 21 located beneath fixed
portions 13 of half-wings 6 and connected rigidly to beam
element 7; and engines 20 comprise respective power
shafts 22 having respective axes Cl and C2.

As shown schematically in Figures 6, 9 and 10, each
engine 20 is conveniently connected to beam element 7 by
a torque shaft 23 externally coaxial with the relative
power shaft 22, and by two lateral brackets 24 projecting
from beam element 7 and fixed to the sides of the engine.

Rotors 11 are connected to both engines 20 by a
redundant transmission 25 for transmitting power to both
rotors 11 even in the event of one of engines 20 breaking
down.

Transmission 25 substantially comprises a
transmission 1line 26, of axis A, housed inside beam
element 7 and interconmecting the two rotors 11; two main

gearboxes 28 housed in nacelles 10 and each interposed
between transmission line 26 and a respective shaft 12 of

relative rotor 11; and two intermediate gearboxes 29,
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each interposed between power shaft 22 of respective engine 20 and
transmission line 26. More specifically, transmission line 26 comprises an
intermediate shaft 33 interconnecting intermediate gearboxes 29; and two end
shafts 34, each connecting an intermediate gearbox 29 to the relative main
gearbox 28.

Intermediate gearboxes 29 substantially comprise respective bevel gear
pairs 35 for transmitting power from axes C1, C2 to axis A, and simultaneously
effecting a first rotation speed reduction from power shafts 22 of engines 20 to
transmission line 26; and main gearboxes 28 substantially comprise respective
bevel gear pairs 36 for transmitting power from axis A to axes B1, B2, and
simultaneously effecting a second rotation speed reduction, and respective
epicyclic reducers 37 for effecting a further rotation speed reduction.

intermediate gearboxes 29 comprise respective casings 40 forming part
of beam element 7, which, in fact, is conveniently formed in a number of
segments 41, and casings 40 are interposed between and connected rigidly to
respective pairs of segments 41.

Main gearboxes 28 comprise respective casings forming supporting
structures 9 of rotors 11 and fixed rigidly to the ends of beam element 7.

End nacelles 10 house respective known devices - not forming part of
the present invention and therefore not shown - for controlling the cyclic and

collective pitch of rotors 11.
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By virtue of the above architecture, nacelles 10
with respective rotors 11, power nacelles 21 with
respective engines 20, and beam element 7 form a single
unit, which may be rotated rigidly about axis A,

For which purpose, beam element 7 is mounted for
rotation, by means of supporting bushes 45, inside a
hollow box structure 46 extending along fixed portions 13
of half-wings 6 and central portion 5 of the wing, and
forming part of the fixed structuré of wing 4; and
structure 46 has appropriate openings ¢to permit the
passage and movement of arms 50 of actuators 48, of
shafts 23, and of brackets 24 supporting engines 20.

Structure 46 is fixed to fuselage 2 by lattice
cor}necting trusses 47 shown schematically in Figures 7
and 8.

Rotation of beam element 7 is controlled by a pair
of hydraulic or electromechanical actuators 48 (Figures 7
and 8) interposed between respective connecting brackets
49 fixed to fuselage 2, and respective radial actuating
arms 50 connected rigidly to beam element 7. .

Actuators 48 are movable between a first maximum-
extension position (Figure 7) wherein axes Bl, B2 of
shafts 12 of rotors 11 are vert:i_'i:ai, and a second
minimum-extension position (Figure 8) wherein axes Bl, B2
of shé,fts 12 of rotors 11 are hori.zontal. The above
positions of axes Bl, B2 correspond UO respective
positions, rotated 90° with respect to each other, of

axes Cl1., C2 of engines 20 (Figures 9 and 10) . The Figure
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7 and 9 configura{:ion defines the helicoptef mode of
convertiplane 1, and the Figure 8 and 10 configuration‘
the airplane mode. Actuators 48, which are controlled by
an on-board control system not shown, can switch
continuously ‘from the first to the second position, and
vice versa, to switch from helicopter to airplane mode
(and vice versa) according to predetermined laws.

Convertiplane 1 also comprises two actuators 55
(Figures 11 to 13), each for adjusting the position of
movable portion 14 of a respective half-wing 6 with
fespect to fixed ﬁ:ortion 13. More specifically, actuators
55 are movable between a first limit position wherein
movable portion 14 is rotated over 90° upwards (dash line
in Pigure 11), and a second limit position wherein
movable portion 14 is positioned at a negative angle,
e.g. of about 5-15°, with respect to fixed portion 13
(dash line in Figure 13).

The continuous lines in Figures 11 and 13 show the
limit positions of movable portion 14 in the normal
operating range of the aircraft : rotated 390° upwards 1in
helicopter mode, and aligned with fixed portion 13 1in
airplane mode, respectively.

Since ’the 'rotation of movable portions 14 1s

controlled by dedicated actuators independent of

actuators 48 for adjusting the angular position of beam
eleméent 7, the position of movable portions 14 can Dbe
adjusted independently of that of rotors 11, particularly

during conversion, to achieve the best angle of incidence
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of movable portions 14 in any flight condition.

Rotors 11 conveniently each comprise four blades 60,
and are smaller in diameter than the height of axes B1,
B2 off the ground, so as tO er{able rotors 11 to also
rotate on the ground and permit landing in airplane mode
as described below.

Convertiélane 1 operates as follows.

In helicopter mode, used for takeoff, hovering and
landing, axes Bl, B2 of shafts 12 of rotors 11 (Figures 7
and 9) are maintained vertical, and movable portions 14

of half-wings 6 lowered (Figure 11), so as to minimize

portions 14, which, being adjacent to rotors 11, are the
part of wing 4 most subject to such interaction.

The downward load produced by the current generated
by rotors 11 on wing 4 is therefore gfeatly reduced (less
than 5%)', thus greatly increasing transport efficiency.

During conversion, beam element 7 1is gradually
rotated to bring axes Bl, B2 of drive shafts 12 of rotors
11 into the horizontal position. At this stage, movable
portions 14 of half-wings 6 are also brought gradually
into the airplane mode position and maintained
equioriented at all timesg, but may be position controlled
in coordination with but indepéndently of the position of
.rotors 11 to achieve the best angle of incidence as a
function of the relative wind on the wing, i.e. the

current produced by the speed of flight combined with

that generated by the rotor (Figure 12).
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This therefore provides for minimizing, instant by
instant, any stalling effects during the maneuver, and soO
increasing the conversion corridor and improving the
maneuverability and comfort of the aircrafr. '

5 At any rate, portions 13, which form a substantial
part of the wing not greatly affected by the wash of the
rotors, are fixed, which contributes towards providing

1ift during conversion and SO avoiding any of the

problems typically associated with known tilt—wipg
10 convertiplanes.

Tn particular operating conditions, the position ol
movable portions i4 of half-wings 6 may be adjusted, not
only during conversion, but also with rotors 11 1in
helicopter mode. In particular, the maximum-positive-tilt

15 position of portion 14 (dash line in Figure 11) may be
used for reverse flight, and the negative-tilt position
(dash line in Figure 13) for increasing ﬁraction on

rotors 11 and helping to achieve stable autorotation with

the engines off.

20 Reducing the diameter of rotors 11 enables the craft
to land in airplane mode, obvicusly . in suitable
locations. For which purpose, the rotors may Dbe rotated
upwards by an angle a, e.g: of 8° (Figure 5), to prevent
the blades from touching the ground in the event of a

25 rough landing involving severe thrust on the landing

gear.

In addition to' the above advantages, employing a

beam element 7, to which the end nacelles 10 of rotors 1l
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are connected rigidly, ensures interconnection of the
rotors, which is vital function of this type of craft.
The fact that engines 20 also rotate integrally with
pbeam element 7 greatly simplifies transmission 25, Dby
eliminating any variation in the relative positions ot
the engines, the transmission 25 members, and rotors 11;
nor ig there any significant variation in the position of

the barycenter during conversion.

Figures 14 and 15 show a further embodiment of the
invention. The Figure 14 and 15 convertiplane, indicated
as a whole by 61, differs from convertiplane 1 by engines
20 being housed in end nacelles 10 of wing 4, so that
axes Cl1, C2 of power shafts 22 of engines 20 are located

in the same vertical plane as axes Bl, B2 of shafts 12 of

rotors 11. .

A respective gearbox 62 is interposed between each
shaft 22 and the relative shaft 12; and the two gearboxes
62 are intercomnected by a transmission line 26 extending
inside Dbeam element 7, which rigidly 1interconnects
nacelles 10.

Clearly, changes may be made to convertiplanes 1, 61
as described herein without, however, departing from the
scope of the present invention. In particular, engines 20
may be fixed, as opposed to rotating with beam element 7.
This simplifies inétallation of the engines, but, on the

other hand, complicates transmission 25 and calls for

centering control during conversion.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARk DEFINED AS PFOLLOWS:

1) A convertiplane comprising:

5 a fuselage;

a wing having a central portion fixed ¢to said

| fuselage, and two half-wings projecting from sald
fuselage;

two Trotors <carried by respective supporting

10 structures at the ends of said bhalf-wings, and having

respective shafts;

two engines fixed to respective said half-wings Dby

respective supporting means;

transmission means connecting each of said rotors CtO
15 both said engines; and
means for changing the position of said rotors
petween a helicopter mode wherein said shafts of said
rotors are substantially vertical, and an airplane mode
wherein said shafts of said rotors are substantially
20 horizontal; .
characterized in that said means IoOr changing the
position of said rotors comprise a beam element extending
the full length of the wing, rotating about a respective
axis, and rigidly interconnecting said supportirig
75 structures of said rotors; and first actuating means for
rotati.ng said beam element about said axié;
said half-wings comprising respective fixed portions

adjacent to said fuselage, and respective movable
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portions rotating about said axis of said beam element;

said convertiplane comprising second actuatlng means
for rotating said movable portions with respect to said
fixed portions and t‘o said beam element.

2) A convertiplane as claimed in Claim 1,
characterized 4in that said supporting means of said
engines are comnected rigidly to said beam element.

3) ° A convertiplane as claimed in Claim 1,
characterized in that said beam element is tubular; said
transmission means comprising a transmission line for
transmitting motion between the two rotors and housed
ingide said beam element.

4) A convertiplane as c¢laimed 1in Claim 1,
characterized in that said beam element i1s supported in
freely rotating manner inside a hollow box structure
fixed to said fuselage.

5) A convertiplane as claimed in Claim 4,
characterized in that said box structure is fixed to said
fuselage by means of at least one lattice truss.

6) A convertiplane as claimed 1n Claim 1,
characterized in that said engines are housed 1in
respective nacelles located at said fixed portions of

said half-wings and movable integrally with said beam

element .

7) A convertiplane as claimed 1in Claim 6,
characterized in that said transmission means comprise
two intermediate gearboxes for connecting respective

power shafts of said engines to said transmission line;
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and respective main gearboxes, each interposed between a
respective end of said tramnsmission line and the
respectivé rotor.

8) A convertiplane as claimed in Claim 7,
characterized 1in that said supporting structures fo-r
supporting said rotors are defined by respective casings
o‘f said main gearboxes fixed rigidly to said. beam
€lement; the tubular said beam element being defined by a
numberl of rigidly interconnected elements comprising
respective casings 6f sald intermediate gearboxes.

9) A convertiplane as claimed in Claim 1,
characterized in that said engines are housed | in
respective nacelles located at the ends of said half-

wings and housing said supporting structures and said

shafts of said rotors.
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