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(57) ABSTRACT

A rotorcraft comprising a fuselage, a single main rotor, and
a first propeller and a second propeller. The rotorcrait has an
adjustment system configured, at least during a stage of
hovering flight, to position the first propeller 1n a first low
speed configuration 1n order to exert a first thrust including
a first horizontal component and a first vertical component,
the adjustment system being configured, at least during the
stage of hovering flight, to position the second propeller 1n
a second low speed configuration so as to exert a second
thrust comprising a second horizontal component and a
second vertical component.
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ROTORCRAFT HAVING A ROTARY WING
AND AT LEAST TWO PROPELLERS, AND A
METHOD APPLIED BY THE ROTORCRAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to French patent
application No. FR 1800372 filed on Apr. 26, 2018, the
disclosure of which 1s incorporated in its entirety by refer-
ence herein.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0002] The present invention relates to a rotorcrait having
a rotary wing and at least two propellers, and to the method
applied by the rotorcratt.

[0003] Rotorcraft are aircrait having a rotary wing.

[0004] A known rotorcraft has two propellers and a main
rotor that contributes to providing the rotorcraft with at least
part of its lift. The two propellers and the main rotor are
caused to rotate continuously by a power plant.

[0005] Thus, a first propeller and a second propeller are
arranged on either side of a fuselage of the rotorcraft. The
first propeller and the second propeller are carried by respec-
tive half-wings extending on respective sides of the fuse-
lage.

[0006] In addition, the first propeller and the second
propeller are provided with blades that present collective
pitch that 1s variable. The pitch of the blades of the first
propeller can be varied 1n i1dentical manner, 1.e. simultane-
ously and in the same direction. The same applies to the
second propeller.

[0007] Optionally, the pitch of the blades of at least one of
the propellers may vary over a first pitch range generating
thrust 1n a forward direction of the aircraft, and 1n a second
pitch range generating thrust directed in a reverse direction
that 1s opposite to the forward direction. The forward
direction and the reverse direction of the rotorcraft are thus
fixed, opposite, and coplanar. Such a propeller thus gener-
ates thrust tending solely to cause the aircrait to advance
when the pitch of 1ts blades lies 1n the first range, and thrust
opposite to the forward direction when the pitch of 1ts blades
lies 1n the second range.

[0008] During stages of flight at a high speed of advance,
the blades of the first propeller and of the second propeller
are adjusted 1n pitch so that the first propeller and the second
propeller generate respectively a first thrust and a second
thrust in the forward direction. The main rotor and the
half-wings carrying the propellers provide the rotorcraft
with lift. The anti-torque function 1s provided at least 1n part
by a tail fin mounted on a tail boom. The first thrust and the
second thrust may thus present magnitudes that are different
in order to control the yaw movement and position of the
rotorcratt.

[0009] During stages of takeofl, landing, hovering flight,
and more generally of flight at a low speed of advance, the
first propeller may generate thrust in the same forward
direction as 1t does during forward flight at high speed. In
contrast, the second propeller may generate thrust that i1s
directed 1n the reverse direction in order to contribute to
controlling the yaw movement and position of the rotorcraft.
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[0010] Consequently, such a rotorcrait has two propellers
with respective horizontal axes of rotation, which axes are
fixed. Only the pitch of the blades of each propeller can be
varied collectively depending on the magmtude and the
direction that are desired for the thrusts that they generate.
[0011] Such an aircraft can reach high speeds of advance.
Nevertheless, the main rotor may then be subjected to large
aerodynamic forces, which can require large control forces
for controlling the main rotor and/or which may give rise to
aecrodynamic instabilities at the ends of the blades of the
main rotor. In order to avoid those drawbacks, the diameter
of the main rotor may be reduced and/or the twist per unit
length of the blades of the main rotor may be reduced.
Although they present certain advantages, those solutions
tend to reduce the lift of the main rotor and thus the lift of
the rotorcrait at low speed.

(2) Description of Related Art

[0012] Document FR 2 916 418 describes a rotorcraft
having a main rotor and two propellers.

[0013] Document EP 2 690 012 describes a rotorcraft
having a main rotor. That rotorcrait also has two propellers
carried by a “canard” type wing. The propellers are vectored
propellers that can be tilted about a t1lt axis. Such a vectored
propeller presents blades that rotate about an axis of rotation,
which axis of rotation can itself be turned relative to the
fuselage of the aircraft. More precisely, each axis of rotation
can turn about a tilt axis.

[0014] Document U.S. Pat. No. 7,823,827 describes a
rotorcraft. That rotorcraft has a fuselage carrying two main
rotors. Furthermore, the rotorcraft has two ducted propellers
that are arranged laterally on either side of the fuselage and
longitudinally between the two main rotors. The two pro-
pellers may be vectored between a position 1n which they
exert thrust contributing to advancing the aircraft, and a
position 1n which they exert thrust contributing to providing
the aircraft with lift. The propellers may be provided with
flow-directing vanes.

[0015] Documents FR 3 055 311, FR 3 024 431, and CN
105775121 are also known.

BRIEF SUMMARY OF THE INVENTION

[0016] An object of the present invention is thus to pro-
pose a novel rotorcraft presenting optimized lift at low
speed, the rotorcraft having a single main rotor and two
propellers.

[0017] Such arotorcrait comprises a fuselage, the fuselage
extending longitudinally from rear to front from a tail to a
nose, and transversely from a first flank to a second flank, the
fuselage extending vertically upwards and being sur-
mounted by a single main rotor contributing to providing the
rotorcraft with at least part of 1ts lift. A rectangular reference
frame attached to the rotorcraft presents a first unit vector
extending 1n a forward direction from the center of gravity
of the rotorcrait towards the front, the rectangular reference
frame presenting a second unit vector extending from the
center of gravity 1n a direction going from the first flank to
the second flank, and the rectangular reference frame pre-
senting a third unit vector extending in an elevation direction
from the center of gravity towards the main rotor. The
rotorcrait comprises a first propeller and a second propeller
carried respectively by two arms and exerting respectively a
first thrust and a second thrust, said two arms not forming a



US 2019/0329881 Al

canard wing, the first propeller and the second propeller
being arranged transversely on either side of said fuselage,
said first propeller and said second propeller respectively
having first blades and second blades for rotating respec-
tively about a first axis of rotation and a second axis of
rotation. The first blades present pitch that can vary collec-
tively 1n 1dentical manner over a first pitch range generating,
a said first thrust directed towards the front of the rotorcraft
and over a second pitch range generating a said first thrust
directed towards the rear of the rotorcraft, said second blades
presenting pitch that can vary collectively 1n 1dentical man-
ner, 1.¢. 1dentically to one another, at least over a third pitch
range generating a said second thrust directed solely towards
the front of the rotorcraft.

[0018] The rotorcrait may thus have conventional first and

second systems for modifying the collective pitch respec-
tively of the first blades and of the second blades.

[0019] Each arm may be in the form of a lift surface, such
as a half-wing.
[0020] Furthermore, the rotorcraft includes an adjustment

system acting on the first propeller and on the second
propeller, the adjustment system being configured, at least
during a stage of hovering flight, to position the {first
propeller 1n a first low speed configuration, the first thrust in
the first low speed configuration having a first horizontal
component directed parallel to the first vector and 1n a
direction opposite to the first vector, and a first vertical
component directed parallel to the third vector 1n the eleva-
tion direction, said adjustment system being configured, at
least during the stage of hovering flight, to position said
second propeller 1n a second low speed configuration, the
second thrust in the second low speed configuration com-
prising a second horizontal component directed parallel to
the first vector and 1n the same direction as the first vector,
and a second vertical component directed parallel to the
third vector in the same direction as the third vector.

[0021] The first vector may be perpendicular to the second
vector and the third vector. For example, the first vector may
extend along a roll axis of the rotorcrait and/or the second
vector may extend along a pitching axis of the rotorcrait
and/or the third vector may extend along a yaw axis of the
rotorcratt.

[0022] The rotorcrait then has a main rotor and two
propellers, one on either side. Such a rotorcraft 1s thus
capable of reaching high speeds of advance. The main rotor
may nevertheless be dimensioned to avoid the above-listed
annoyances.

[0023] In addition, the first propeller and the second
propeller are configured firstly to generate respective thrusts
enabling the rotorcraft to achieve high speeds of advance,
and secondly also to provide extra lift, at least during
hovering flight, so as to be able to use a main rotor of small
s1ze. Specifically, in hovering flight, the first thrust generated
by the first propeller and the second thrust generated by the
second propeller both present respective vertical compo-
nents extending upwards in the reference frame of the
rotorcratt.

[0024] The rotorcrait may also include one or more of the
following characteristics.

[0025] Optionally, the first propeller and/or the second
propeller may be ducted. For example, the first blades and
the second blades may be surrounded by respective shrouds
in their planes of rotation.
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[0026] In an aspect, said adjustment system may be con-
figured to position the first propeller 1n the first low speed
configuration and the second propeller 1n the second low
speed configuration when the rotorcratt 1s traveling forwards
at a speed less than a speed threshold.

[0027] By way of illustration, the speed threshold may be
equal to 50 knots, 1.e. about 92.6 kilometers per hour. Under
such circumstances, at less than 50 knots, the first propeller
and the second propeller are respectively in the first low
speed configuration and in the second low speed configu-
ration.

[0028] In an aspect, in the first low speed configuration
said first thrust may present an acute angle of less than 90
degrees relative to a horizontal plane containing the first
vector and the second vector, the second thrust presenting an
acute angle of less than 90 degrees with that horizontal
plane.

[0029] In a first embodiment, the adjustment system may
be configured to position the first propeller 1n a first high
speed configuration and the second propeller 1n a second
high speed configuration when the rotorcrait 1s flying for-
wards at a speed greater than or equal to a speed threshold,
said first thrust in the first high speed configuration having
a first horizontal component directed parallel to the first
vector and 1n the same direction as the first vector, and a first
vertical component directed parallel to the third vector 1n a
direction opposite to the direction of the third vector, the
second high speed configuration being identical to the
second low speed configuration.

[0030] Thus, at low speed, the first propeller exerts first
thrust that 1s directed upwards and towards the rear of the
rotorcraft, with the second propeller exerting second thrust
that 1s directed upwards and towards the front of the rotor-
craft. At high speed, the first propeller exerts first thrust
directed downwards and towards the front of the rotorcraft,
while the second propeller exerts second thrust that i1s
directed upwards and towards the front of the rotorcraft.
[0031] This configuration 1s surprising since the first thrust
tends to be directed towards the ground, and not to provide
the rotorcraft with lift. Nevertheless, the vertical component
of the first thrust that 1s directed towards the ground may be
compensated by the vertical component of the second thrust.
[0032] In this first embodiment, the direction of the first
thrust may be reversed.

[0033] For example, 1n this first embodiment, when the
rotorcraift 1s flying forwards at a speed greater than or equal
to a speed threshold, and when seen 1n a transverse direction
going from the first propeller towards the second propeller,
said first thrust may present a first acute angle relative to a
horizontal plane containing the first vector and the second
vector, the second thrust presenting a second acute angle
opposite to the first acute angle relative to the horizontal
plane.

[0034] In this first embodiment, when seen 1n a transverse
direction going from the first propeller towards the second
propeller, said first axis of rotation may present a first acute
angle with a horizontal plane containing the first vector and
the second vector, the second axis of rotation presenting a
second acute angle opposite to the first acute angle relative
to the horizontal plane.

[0035] In this first embodiment, said first propeller may
comprise a first propeller shaft for rotating a first hub
carrying blades, said second propeller may comprise a
second propeller shaft for rotating a second hub carrying
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blades, and said adjustment system may comprise a first
device fasteming the first propeller shaft to an arm while
imparting to the first propeller shaft a single degree of
freedom to move 1n rotation about the first axis of rotation
relative to the fuselage, said adjustment system comprising
a second device fastening the second propeller shaft to an
arm while conferring to the second propeller shaft a single
degree of freedom to move 1n rotation about the second axis
of rotation relative to the fuselage.

[0036] The first propeller and the second propeller may
both be on axes that are fixed relative to the rotorcraft and
set at angles for presenting additional components that tend
to optimize its lift. The first propeller 1s set downwards
relative to the aircraft while the second propeller 1s set
upwards.

[0037] Under such circumstances, the adjustment system
may also include the conventional first and second systems

for moditying the collective pitch respectively of the first
blades and of the second blades.

[0038] In a second embodiment, the adjustment system
may serve to tilt/incline the first thrust and the second thrust
about a tilt axis.

[0039] In the second embodiment, the adjustment system
may be configured to position the first propeller 1n a first
high speed configuration and the second propeller 1n a
second high speed configuration when the rotorcratt 1s flying
forwards at a speed greater than or equal to a speed thresh-
old, the first thrust in the first high speed configuration
comprising solely a first horizontal component directed
parallel to the first vector and in the same direction as the
first vector, said second thrust in the second high speed
configuration comprising solely a second horizontal com-
ponent directed parallel to the first vector and 1n the same
direction as the first vector.

[0040] In this second embodiment, the adjustment system
serves to tilt the first thrust and the second thrust continu-
ously about the tilt axis, optionally but not necessarily, from
the above-mentioned low speed configuration to the above-
mentioned high speed configuration.

[0041] In this second embodiment, when the rotorcraift 1s
flying forwards at a speed greater than or equal to a speed
threshold, said first thrust and said second thrust may be
coplanar and parallel to a horizontal plane containing the
first vector and the second vector.

[0042] Alternatively, it 1s possible to envisage other angles
of inclination, 1 particular at a speed greater than or equal
to the speed threshold. For example, the first thrust and the
second thrust may be directed along the speed vector of the
aircraft at high speed.

[0043] In a first variant of the second embodiment, said
first propeller may comprise a first propeller shaft for
rotating a first hub carrying blades, said second propeller
may comprise a second propeller shaft for rotating a second
hub carrying blades, and said adjustment system may com-
prise a first mobility system configured to move the first
propeller shaft 1n rotation about a tilt axis imparting to the
first propeller shait relative to the fuselage solely one degree
of freedom to move 1n rotation about the first axis of rotation
and one degree of freedom to move 1n rotation about the tilt
axis, said adjustment system including a second mobility
system configured to move the second propeller shaft in
rotation about the tilt axis imparting to the second propeller
shaft relative to the fuselage solely one degree of freedom to
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move 1n rotation about the second axis of rotation, and one
degree of freedom to move 1in rotation about the tilt axis.$$

[0044] The first propeller and the second propeller are thus
steerable, e.g. over two respective angular sectors of less
than 90 degrees. The adjustment system thus enables the first
propeller and the second propeller to be tilted among various
positions 1n order to steer the first thrust and the second
thrust upwards at low speed 1n order to generate extra lift
and 1n order to steer the first thrust and the second thrust
along the forward direction or the speed vector of the aircraft
at high speed, for example.

[0045] In this first variant of the second embodiment, the
first propeller may be configured to tilt 1n a first tilt direction
from a first position to be held in the first low speed
configuration to a second position to be held 1n the first high
speed configuration, the first axis of rotation and the first
thrust coinciding and presenting a first acute angle of less
than 90 degrees relative to a horizontal plane containing the
first vector and the second vector 1n the first position, the first
axis of rotation and the first thrust being parallel to the
horizontal plane 1n the second position, for example.

[0046] The second propeller may be configured to tilt in a
second tilt direction from a third position to be held in the
second low speed configuration to a fourth position to be
held 1n the second high speed configuration, the second axis
of rotation and the second thrust coinciding and presenting
a second acute angle of less than 90 degrees relative to the
horizontal plane, the second tilt direction being opposite to
the first t1lt direction when seen 1n a transverse direction
going from the first propeller to the second propeller, the
second axis of rotation and the second thrust being parallel
to the horizontal plane 1n the fourth position, for example.

[0047] In an aspect, the first propeller and the second
propeller may be tilted through opposite angles. The second
propeller generating thrust towards the front pivots upwards
relative to the rotorcraft, while the first propeller generating
rearward thrust pivots downwards relative to the rotorcratt.

[0048] By way of example, the tilt angles may be deter-
mined as a function of the powers developed by each of the
propellers so that together the two propellers provide an
anti-torque function while also presenting a vertical lift
component.

[0049] In this first variant of the second embodiment, the
main rotor may include main blades rotating about a main
axis of rotation of the main rotor, said tilt axis intersecting
said main axis of rotation.

[0050] In this first variant of the second embodiment, the
first propeller may present a first thrust center positioned on
the t1lt axis and the second propeller presents a second center
of thrust positioned on the tilt axis.

[0051] Each of the two above characteristics tend to limait
the creation of harmiul interfering forces while tilting the
propellers.

[0052] Optionally, the first blades of the first propeller and
the second blades of the second propeller are variable
collectively only, or else they are variable both collectively
and cyclically.

[0053] For example, and 1n a second variant of the second
embodiment, the first propeller may comprise a first propel-
ler shaft for rotating a first hub carrying blades, said second
propeller may comprise a second propeller shaft for rotating
a second hub carrying blades, and said adjustment system
may include a first device for cyclically moditying the pitch
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of the blades of the first propeller and a second device for
cyclically moditying the pitch of the blades of the second
propeller.

[0054] The first device for modifying the pitch of the
blades of the first propeller cyclically and the second device
for moditying the pitch of the blades of the second propeller
cyclically serve respectively to modity the pitch of the first
blades and of the second blades as a function of their
azimuth positions.

[0055] The first axis of rotation of the first propeller and
the second axis of rotation of the second propeller may
always lie 1n the same plane.

[0056] The first axis of rotation of the first propeller and
the second axis of rotation of the second propeller are fixed
relative to the rotorcraft and horizontal in 1ts frame of
reference. However, by way of example, the first propeller
and the second propeller may be fitted with respective sets
of swashplates of the type that 1s known for a main rotor of
a helicopter. Adjusting the positions and the angles of the
swashplates 1n the cyclic sets of swashplates serves to steer
the first thrust and the second thrust.

[0057] In addition to an aircrait, the invention also pro-
vides a method of optimizing the lift of such a rotorcraft.

[0058] The method includes the following step:

[0059] positioning the first propeller 1n the first low speed
configuration and the second propeller 1n the second low
speed configuration during a stage of hovering flight.
[0060] Optionally, the method includes the following step:
[0061] positioning the first propeller 1n the first high speed
configuration and the second propeller in the second speed
configuration when the rotorcraft 1s traveling forwards at a
speed greater than or equal to a speed threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] The mvention and 1ts advantages appear in greater
detail from the following description of examples given by
way of 1llustration and with reference to the accompanying
figures, 1n which:

[0063] FIGS. 1 to 3 are views showing an aircrait having
an adjustment system imparting a fixed setting to the pro-
pellers;

[0064] FIGS. 4 to 8 are views showing an aircraft having
an adjustment system with systems for tilting the propellers
in two opposite directions, seen in side view; and

[0065] FIGS. 9 to 11 are views showing an aircrait having
an adjustment system with systems for moditying the cyclic
pitch of the blades of the propellers.

DETAILED DESCRIPTION OF THE
INVENTION

[0066] Flements present in more than one of the figures
are given the same references 1n each of them.

[0067] FIGS. 1 to 11 show various embodiments of a
rotorcraft of the invention.

[0068] In all of the embodiments, and with reference to
FIG. 1, such a rotorcraft 1 has a fuselage 2. The fuselage 2
extends longitudinally along a roll axis from rear AR to front
AV, from a tail 3 towards a nose 7. Conventionally, a cockpit
and/or a cabin may be arranged at the nose. In addition, the
aircraft may include at least one tailplane 4 and at least one
fin 5 at its tail 3. In the example shown, the rotorcraft 1 has
an upside-down U-shaped structure comprising one tail-
plane 4 and two fins 5 that are arranged transversely on
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either side of the tailplane. The tailplane 4 and/or at least one
fin § may include control surfaces 6.

[0069] In addition, the fuselage 2 extends transversely
along a pitching axis of the rotorcrait from a first flank 8
towards a second flank 9. The fuselage 2 also extends
vertically upwards along a pitching axis.

[0070] The rotorcraft 1 also has a single main rotor 10 that
contributes to providing the rotorcraft 1 with lift and pos-
sibly also with propulsion. The main rotor 10 has main
blades 11 situated above the fuselage 2. These main blades
11 rotate together about an axis of rotation AXROTP. The
rotorcrait may include conventional controls for controlling
a system for moditying the pitch of the main blades, for
example, a set of swashplates giving a human pilot and/or an
autopilot the possibility of moditying the pitch of the main
blades 11 collectivity and/or cyclically.

[0071] The rotor 10 may be driven 1n rotation by a power
plant 30, e.g. continuously other than 1n the event of engine
failure or during testing. Such a power plant may comprise
one or more engines, at least one main gearbox (MGB), . .

[0072] In another aspect, the rotorcrait has at least two
propellers, and for example at least one first propeller 15 and
at least one second propeller 20. The first and second
propellers 15 and 20 are arranged transversely on either side
of the fuselage 2, and by way of example the first propeller
may be situated beside the first flank 8 and the second
propeller beside the second flank 9.

[0073] The first propeller 15 and the second propeller 20
may be carried by two respective arms 25 and 26 that are
secured to the fuselage 2. Such arms 25 and 26 may be
lift-producing members. In the example shown 1n FIG. 1, the
two arms represent the two halt-wings of a high wing, these
half-wings being of substantially rectangular plane shape
and presenting a negative dihedral. In an aspect, the arms do
not form a canard wing, so distinct from a canard wing.
[0074] In conventional manner, the first propeller 15 may
have a first propeller shaft 17 for rotating a first hub 16
carrying first blades 18. The first shaft 17 rotates together
with the first hub and the first blades about the first axis of
rotation.

[0075] Likewise, the second propeller 20 may comprise a
second propeller shaft 22 serving to rotate a second hub 21
carrying second blades 23. The second shaft 22 rotates
together with the second hub and the second blades about the
second axis of rotation.

[0076] The first propeller shaft 17 and the second propeller
shaft 22 are mechanically connected to the power plant 30
by conventional drive trains. The first propeller shaft 17 and
the second propeller shaft 22 are driven 1n rotation by the
power plant 30 1n flight, at least other than in the event of a
failure or a test.

[0077] The rotorcrait may include conventional controls
controlling a set of swashplates and/or a piston to enable a
human pilot and/or an autopilot to modify collectively at
least the pitch of the first blades 18 and of the second blades
23. By way of example, a lever may control two servo-
controls for this purpose. In particular, 1t 1s possible to use

collective control devices of the type disclosed 1n Document
FR 2 992 696.

[0078] Under such circumstances, the pitch of the first
blades 18 may vary collectively 1n 1dentical manner 1n order
to modily the magnitude and the direction of the first thrust
exerted by the first propeller 15. Specifically, the pitch of the
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first blades 18 may vary collectively over a first pitch range
generating a first thrust P1 directed towards the front of the
rotorcrait 1, and over a second pitch range generating a first
thrust directed towards the rear of the rotorcratt.

[0079] The terms “front” and “rear” mean that i1 the pitch
of the first blades 18 1s in the first range, the first propeller
exerts a first thrust tending to cause the rotorcraft to advance.
In contrast, and conversely, i1 the pitch of the first blades 18
1s 1n the second range, the first propeller exerts first thrust
tending to move the rotorcrait in reverse.

[0080] Furthermore, the second blades 23 present pitch
that can be varied collectively in identical manner at least
over a third pitch range generating second thrust P2 directed
solely towards the front of the rotorcrait. Optionally, but not
necessarily, the second blades 23 present pitch that may be
varied collectively over a fourth pitch range generating
second thrust P2 directed towards the rear of the rotorcratt.
[0081] Furthermore, the rotorcraft 1 1s associated with a
rectangular reference frame 100. This rectangular reference
frame 100 possesses a first unit vector VR extending 1n the
forward direction towards the front of the rotorcraft, from
the center of gravity CG of the rotorcrait 1 substantially
towards the nose 7, e.g. along the roll axis of the rotorcratt.
This rectangular reference frame 100 also possesses a sec-
ond unit vector VT extending from the center of gravity CG
going from the first flank 8 towards the second flank 9, e.g.
along the pitching axis of the rotorcraft. Finally, the rectan-
gular reference frame 100 possesses a third unit vector VL
extending 1n the upward direction S1 from the center of
gravity CG towards the main rotor 10, e.g. along the yaw
axis of the rotorcraft. The first vector VR and the second
vector VT define a horizontal plane 200. The first vector VR
and the third vector VL define a vertical plane 300.

[0082] Furthermore, the rotorcrait 1 includes an adjust-
ment system S0 acting on the first propeller 15 and on the
second propeller 20 1n order to adjust the first thrust and the
second thrust.

[0083] During a stage of hovering flight and/or during a
stage of forward thght taking place below a speed threshold,
e.g. a speed threshold equal to 50 knots, the adjustment
system 50 places the first propeller 15 1n a first low speed
configuration contlb and the second propeller 20 1n a second
low speed configuration coni2b, as shown 1n FIGS. 1, §, and
11, depending on the variant.

[0084] The adjustment system includes at least the first
system for moditying the collective pitch of the first blades.
[0085] Whatever the variant, and with reference to FIG. 1,
in the first low speed configuration contlb, the first thrust
P10 presents an acute angle 101 of less than 90 degrees
relative to the horizontal plane 200, the second thrust P20
likewise presenting an acute angle 102 of less than 90
degrees relative to the horizontal plane 200.

[0086] The first thrust P10 and the second thrust P20 are
also optionally parallel to the vertical plane 300.

[0087] In an aspect, and considering an angle to be posi-
tive going from the first vector VR towards the third vector
VL, a projection of the first thrust P10 onto the vertical plane
presents an obtuse angle 120 that 1s positive relative to the
first vector VR, and a projection of the second thrust P20
onto the vertical plane presents an acute angle 102 that is
positive relative to the first vector VR.

[0088] The first thrust P10 can thus be resolved 1nto a first
horizontal component P101 and a first vertical component

P102. The first horizontal component P101 1s directed
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parallel to the first vector VR 1n a direction opposite to the
direction of the first vector VR, and thus towards the rear AR
of the rotorcrait. The first vertical component P102 1s
directed parallel to the third vector VL and 1n the elevation
direction S1, 1.e. upwards i1n the reference frame of the
rotorcratt.

[0089] In the second low speed configuration coni2b, the
second thrust P20 also has a second horizontal component
P201 and a second vertical component P202. The second
horizontal component P201 1s parallel to the first vector VR
and extends 1n the same direction as the first vector VR. The
second vertical component P202 1s parallel to the third
vector VL and 1s 1n the same direction as the third vector VL.
[0090] Under such circumstances, the first horizontal com-
ponent and the second horizontal component tend to gener-
ate torque enabling the yaw movement of the rotorcraift to be
controlled, and 1n particular serving to oppose the torque
exerted on the fuselage by the main rotor.

[0091] The first vertical component and the second verti-
cal component act together tending to provide the rotorcraft
with lift.

[0092] If the speed of the aircrait 1s greater than or equal
to the speed threshold, the adjustment system 50 places the
first propeller 15 1n a first high speed configuration conil/
and places the second propeller 20 1n a second high speed
configuration coni2/, as shown in particular in FIGS. 2, 4,
and 10, depending on the variant, 1n order to cause the
rotorcrait to advance.

[0093] In the first rotorcraft shown i FIGS. 1 to 3, and
with reference to FIG. 2, 1n the first high speed configuration
conil’, the first thrust P1 presents a first horizontal com-
ponent P11 directed parallel to the first vector VR and 1n the
same direction as the first vector VR, and a first vertical
component P12 directed parallel to the third vector 1n a
direction that 1s opposite to the direction of the third vector
VL.

[0094] In addition, the second high speed configuration
coni2/’ 1s also i1dentical to the second low speed configura-
tion coni2b.

[0095] The first thrust P1 and the second thrust P2 may
also optionally be parallel to the vertical plane 300.

[0096] In an aspect, and considering an angle to be posi-
tive going from the first vector VR towards the third vector
VL, a projection of the first thrust P1 onto the vertical plane
presents an acute angle 103 that 1s negative relative to the
first vector VR, and a projection of the second thrust P2 onto
the vertical plane presents an acute angle 102 that 1s positive
relative to the first vector VR.

[0097] Under such circumstances, the first horizontal com-
ponent and the second horizontal component may tend to
generate torque serving to control the yaw movement of the
rotorcraft, and they tend to cause the aircraft to advance
towards the front.

[0098] The first vertical component and the second verti-
cal component tend to cancel, with the rotorcrait being
provided with lift by the main rotor and by 1ts various lift
surfaces.

[0099] Optionally, the first propeller 15 and the second
propeller 20 have fixed settings, the first axis of rotation

AXROT1 and the second axis of rotation AXROT2 being
fixed relative to the fuselage 2.

[0100] For this purpose, the adjustment system 50 may
include a first device 19 attaching the first propeller shaft 17
to an arm 235 providing the first propeller shatt 17 solely with
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one degree of freedom to move 1n rotation about the first axis
of rotation AXROT1 relative to the fuselage 2. Likewise, the
adjustment system 50 includes a second device 24 attaching
the second propeller shaft 22 to an arm 26 while giving the
second propeller shaft 22 a single degree of {freedom to move
in rotation about the second axis of rotation AXROT2
relative to the fuselage 2.

[0101] For example, the first device comprises a first
propeller nacelle 19 fastened to a first arm 25 by conven-
tional means such as welding, riveting, adhesive bonding,
screw fastening, . . . . The first propeller shait 17 1s then
carried by the first nacelle while being free to move in
rotation relative to the first nacelle. For example, bearing
means are interposed between the first nacelle and the first
shaft 17. Likewise, the second device may comprise a
second propeller nacelle 24 fastened to a second arm 26. The
second propeller shaft 22 1s then carried by the second
nacelle and 1s movable in rotation relative to the second
nacelle. For example, bearing means may be interposed
between the second nacelle and the second shaift 22.
[0102] In other words, the first propeller and the second
propeller each present a fixed setting relative to the fuselage.
[0103] In order to position the rotorcrait in a low speed
configuration as shown 1n FIG. 1, the pitch of the first blades
1s then adjusted by the first system for moditying the
collective pitch of the first blades so as to lie 1n the second
pitch range. In order to position the rotorcraft in the high
speed configuration shown 1n FIG. 2, the pitch of the first
blades 1s adjusted by the first system for modifying the
collective pitch of the first blades so as to lie 1n the first pitch
range.

[0104] Furthermore, and with reference to FIG. 3, when
the rotorcrait 1 1s traveling forwards at a speed greater than
or equal to a threshold speed, when seen 1n a transverse
direction drt going from the first propeller 15 towards the
second propeller 20, the first thrust P1 may present a first
acute angle 103 relative to the horizontal plane 200. In
addition, the second thrust P2 may present a second acute
angle 102 that 1s opposite to the first acute angle 103 relative
to the horizontal plane 200.

[0105] Considering an angle to be positive 1n a direction
going from the first vector VR to the third vector VL, a
projection of the first thrust P1 onto the vertical plane
presents a first angle 103 that 1s negative relative to the first
vector VR, and a projection of the second thrust P2 onto the
vertical plane presents a second acute angle 102 that 1s
positive relative to the first vector VR.

[0106] Likewise, looking along the transverse direction
drt, the first axis of rotation AXROT1 may present a first
acute angle 103 relative to the horizontal plane 200, the
second axis of rotation AXROT2 presenting the second
acute angle 102 relative to the horizontal plane 200 that 1s
opposite to the first acute angle 103.

[0107] Inthe first embodiment, the first thrust may always
be exerted along the first axis of rotation, and the second
thrust may always be exerted along the second axis of
rotation.

[0108] In the second embodiment, the first thrust and the
second thrust can be tilted, at least about a tilt axis.

[0109] In the second embodiment, as shown 1n FIGS. 4 to
11, and with reference to FIG. 4, in the first high speed
configuration conil/ the first thrust P1 may comprise solely
a first horizontal component directed parallel to the first
vector VR and in the same direction as the first vector VR.

Oct. 31, 2019

[0110] Likewise, 1n the second high speed configuration
coni2/, the second thrust P2 may comprise solely a second
horizontal component directed parallel to the first vector VR
and 1n the same direction as the first vector VR.

[0111] Optionally, when the rotorcraft 1 1s moving for-
wards at a speed greater than or equal to the threshold speed,
the first thrust P1 and the second thrust P2 are coplanar and

parallel to the horizontal plane 200.

[0112] Alternatively, at high speed, the first thrust and the
second thrust may present other angles of inclination, for
example they may be steered towards the speed vector of the
aircrait.

[0113] Independently of these aspects, 1n a first variant of
the second embodiment shown in FIG. 4, the adjustment
system 50 may 1nclude a first mobility system 51. Thus first
mobility system 51 can move the first propeller shaft 17 into
rotation about the tilt axis AXBASC imparting to the first
propeller shaft 17 relative to the fuselage 2 a single degree
of freedom 1n rotation about the first axis of rotation
AXROT1 and one degree of freedom 1n rotation about the

tilt axis AXBASC.

[0114] Likewise, the adjustment system 50 includes a
second mobility system 53. The second mobility system 53
can cause the second propeller shait to move 1n rotation
about the t1lt axis AXBASC by giving the second propeller
shaft 22 relative to the fuselage 2 a single degree of freedom
to move 1n rotation about the second axis of rotation

AXROT2, and one degree of freedom to move 1n rotation
about the tilt axis AXBASC.

[0115] For example, the first mobaility system 51 may be of
known type and may comprise a motor 52 for turning a first
nacelle of the first propeller. Likewise, the second mobility
system 53 may be of known type and may comprise a motor
54 for turning a second nacelle of the second propeller. The
motors 32 and 54 may be carried by the arms 25 and 26. It

1s possible 1n particular to use the teaching of Document FR
3 055 311.

[0116] The t1lt axis AXBASC may intersect the main axis
of rotation AXROTP of the main rotor in order to facilitate
tilting the first propeller and tilting the second propeller.

[0117] In another aspect, the first propeller 15 may present
a first thrust center FP1 positioned on the tilt axis AXBASC.
Likewise, the second propeller 20 may present a second
thrust center FP2 positioned on the tilt axis AXBASC.

[0118] In the first high speed configuration confl’, the
first propeller may be 1n a position referred to as the “second

position POS2” presenting a first axis of rotation parallel to
the first vector VR 1n the example of FIG. 4.

[0119] Likewise, in the second high speed configuration
coni2’, the second propeller may be in a position referred to
as the “fourth position POS4” by presenting a second axis of
rotation parallel to the first vector VR 1n the example of FIG.
4. The pitch of the first blades 1s then adjusted by the first
system for modifying the collective pitch of the first blades
so as to lie 1n the second pitch range. Likewise, the pitch of
the second blades 1s adjusted by the second system {for
moditying the pitch of the second blades so as to lie 1n the
third pitch range.

[0120] The first axis of rotation AXROT1, the first thrust
P1, the second axis of rotation AXROT?2, and the second
thrust P2 are then parallel to the horizontal plane 200.

[0121] Alternatively, above the speed threshold, the first
thrust and the second thrust may for example be steered to
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be parallel to the speed vector of the aircraft 1in order to
reduce the dynamic forces exerted on the propellers.
[0122] With reference to FIG. 5, when the speed of the
rotorcrait becomes equal to or less than the speed threshold,
the first mobility system 31 tilts the first propeller 1n a first
tilting direction 111 from the second position POS2 towards
a first position POS1 that 1s to be retained in the first low
speed configuration confld. The first axis of rotation
AXROT1 and the first thrust P10 then coincide and present
a first acute angle 106 of less than 90 degrees that 1s negative
relative to the horizontal plane 200.

[0123] The second mobility system 353 tilts the second
propeller 1n a second tilting direction 112 from the fourth
position POS4 to a third position POS3 to be retained 1n the
second low speed configuration coni2b. The second axis of
rotation AXROT2 and the second thrust P20 coincide and
present a second acute angle 107 of less than 90 degrees that
1s positive relative to the horizontal plane 200.

[0124] The second tilt direction 112 1s opposite to the first
tilt direction 111 when seen along a transverse direction drt
going from the first propeller 15 towards the second pro-

peller 20.

[0125] The pitch of the first blades 1s then adjusted by the
collective control device to lie in the second pitch range.
Likewise, the pitch of the second blades 1s adjusted by the
collective control device to lie 1n the third pitch range.
[0126] The first thrust P10 and the second thrust P20 may
also optionally be parallel to the vertical plane 300.

[0127] In an aspect, and considering an angle to be posi-
tive going from the first vector VR to the third vector VL, a
projection of the first thrust P10 onto the vertical plane
presents an acute angle that 1s positive relative to the first
vector VR, and a projection of the second thrust P20 onto the
vertical plane presents an acute angle that 1s positive relative
to the first vector VR.

[0128] FIGS. 6 and 7 show the thrusts exerted at high
speed together with their horizontal and vertical compo-
nents.

[0129] FIG. 8 shows the thrust exerted at low speed.

[0130] In a second varniant of the second embodiment, as
shown 1n FIG. 9, the adjustment system 50 comprises a first
device 53 for cyclic modification of the pitch of the blades
of the first propeller 15, and a second device 56 for cyclic
modification of the pitch of the blades of the second pro-
peller 20.

[0131] Each device for cyclic pitch modification com-
prises by way of example a non-rotary swashplate 58 that
does not turn about an axis of rotation of the corresponding
propeller, and a rotary swashplate 57 that rotates about said
axis of rotation. The rotary swashplate 57 1s connected to
cach blade of the corresponding propeller by a pitch rod 60.
Optionally, the non-rotary swashplate 38 1s connected
directly to controls that can be moved by a human pilot or
by an autopilot, or 1s connected indirectly via servo-controls
59. The non-rotary swashplate 58 and the rotary swashplate
57 are movable together 1n translation along the axis of
rotation and in rotation about a center of rotation that i1s
movable in translation along the axis of rotation.

[0132] By way of example, such a device for cyclic pitch
modification may be of the same type as the sets of swash-
plates for rotors and they may also enable the pitch of the
blades to be adjusted collectively.

[0133] In FIG. 10, beyond the speed threshold, the first

device 35 for cyclic pitch modification and the second
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device 56 for cyclic pitch modification may for example
both be operated so as to obtain zero cyclic pitch so that the
first thrust and the second thrust are both parallel to the first
vector.

[0134] In FIG. 11, below the speed threshold, the first
device 55 for cyclic pitch modification and the second
device 56 for cyclic pitch modification may for example be
operated so as to cause the first thrust and the second thrust
to be inclined relative to the horizontal plane 200.

[0135] In addition to these flight configurations described
by FIGS. 10 and 11, the first device 55 for cyclic pitch
modification and the second device 56 for cyclic pitch
modification may be used at any time to steer individually
the first thrust from the first propeller 15 and the second
thrust from the second propeller 20 both in the horizontal
plane 200 and 1 the vertical plane 300 1n order to contribute
to controlling the aircraft.

[0136] Above the speed threshold, the first device 55 for
cyclic pitch modification and the second device 56 for cyclic
pitch modification may steer the first thrust and the second
thrust so as to align them parallel to the speed vector of the
aircraft 1n order to reduce the dynamic forces exerted on the
propellers. The first thrust and the second thrust then need
not necessarily be aligned along the first and second axes of
rotation of the first propeller and of the second propeller.
[0137] Naturally, the present invention may be subjected
to numerous variations as to its implementation. Although
several embodiments are described, it will readily be under-
stood that 1t 1s not conceivable to 1dentity exhaustively all
possible embodiments. It 1s naturally possible to envisage
replacing any of the means described by equivalent means
without going beyond the ambit of the present invention.

What 1s claimed 1s:

1. A rotorcrait comprising a fuselage, the fuselage extend-
ing longitudinally from rear to front from a tail to a nose, and
transversely from a first flank to a second flank, the fuselage
extending vertically upwards and being surmounted by a
single main rotor contributing to providing the rotorcraift
with at least part of 1its lift, a rectangular retference frame
being attached to the rotorcraft and presenting a first unit
vector extending 1n a forward direction from the center of
gravity of the rotorcrait towards the front, the rectangular
reference frame presenting a second unit vector extending
from the center of gravity 1n a direction going from the first
flank to the second flank, and the rectangular reference
frame presenting a third unit vector extending i1n an eleva-
tion direction from the center of gravity towards the main
rotor, the rotorcrait comprising a first propeller and a second
propeller carried respectively by two arms and exerting
respectively first thrust and a second thrust, the two arms not
forming a canard wing, the first propeller and the second
propeller being arranged transversely on either side of the
fuselage, the first propeller and the second propeller respec-
tively having first blades and second blades for rotating
respectively about a first axis of rotation and a second axis
of rotation, the first blades presenting pitch that can vary
collectively 1n 1dentical manner over a first pitch range
generating a the first thrust directed towards the front of the
rotorcraft and over a second pitch range generating a the first
thrust directed towards the rear of the rotorcraft,

wherein the rotorcraft includes an adjustment system
acting on the first propeller and the second propeller,
the second blades presenting pitch that can vary col-
lectively 1n 1dentical manner at least over a third pitch
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range generating a the second thrust directed solely
towards the front of the rotorcraft, the adjustment
system being configured, at least during a stage of
hovering flight, to position the first propeller in a first
low speed configuration, the first thrust 1n the first low
speed configuration having a first horizontal compo-
nent directed parallel to the first vector and 1n a
direction opposite to the first vector, and a first vertical
component directed parallel to the third vector in the
clevation direction, the adjustment system being con-
figured, at least during the stage of hovering flight, to
position the second propeller 1n a second low speed
configuration, the second thrust in the second low
speed configuration comprising a second horizontal
component directed parallel to the first vector and 1n the
same direction as the first vector, and a second vertical
component directed parallel to the third vector in the
same direction as the third vector.

2. The rotorcrait according to claim 1, wherein the adjust-
ment system 1s configured to position the first propeller in
the first low speed configuration and the second propeller in
the second low speed configuration when the rotorcraift 1s
traveling forwards at a speed less than a speed threshold.

3. The rotorcrait according to claim 1, wherein 1n the first
low speed configuration the first thrust presents an acute
angle of less than 90 degrees relative to a horizontal plane
contaiming the first vector and the second vector, the second
thrust presenting an acute angle of less than 90 degrees with
that horizontal plane.

4. The rotorcraft according to claim 1, wherein the adjust-
ment system 1s configured to position the first propeller 1n a
first high speed configuration and the second propeller 1n a
second high speed configuration when the rotorcratt 1s flying
forwards at a speed greater than or equal to a speed thresh-
old, the first thrust in the first high speed configuration
having a first horizontal component directed parallel to the
first vector and 1n the same direction as the first vector, and
a first vertical component directed parallel to the third vector
in a direction opposite to the direction of the third vector, the
second high speed configuration being identical to the
second low speed configuration.

5. The rotorcraft according to claim 1, wherein when the
rotorcraft 1s flying forwards at a speed greater than or equal
to a speed threshold, and when seen 1n a transverse direction
going from the first propeller towards the second propeller,
the first thrust presents a first acute angle relative to a
horizontal plane containing the first vector and the second
vector, the second thrust presenting a second acute angle
opposite to the first acute angle relative to the horizontal
plane.

6. The rotorcrait according to claim 1, wherein, when seen
in a transverse direction going from the first propeller
towards the second propeller, the first axis of rotation
presents a first acute angle with a horizontal plane contain-
ing the first vector and the second vector, the second axis of
rotation presenting a second acute angle opposite to the first
acute angle relative to the horizontal plane.

7. The rotorcraft according to claim 1, wherein the first

propeller (15) and the second propeller present fixed set-
tings, the first axis of rotation and the second axis of rotation
being fixed relative to the fuselage.

8. The rotorcrait according to claim 7, wherein the first
propeller comprises a first propeller shaft for rotating a first
hub carrying first blades, the second propeller comprises a
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second propeller shaft for rotating a second hub carrying
second blades, and the adjustment system comprises a first
device fastening the first propeller shait to one of the arm
while imparting to the first propeller shait a single degree of
freedom to move 1n rotation about the first axis of rotation
relative to the fuselage, the adjustment system comprising a
second device fastening the second propeller shait to the
other arm while conferring to the second propeller shait a
single degree of freedom to move in rotation about the
second axis of rotation relative to the fuselage.

9. The rotorcrait according to claim 1, wherein the adjust-
ment system 1s configured to position the first propeller in a
first high speed configuration and the second propeller 1n a
second high speed configuration when the rotorcratt 1s flying
forwards at a speed greater than or equal to a speed thresh-
old, the first thrust in the first high speed configuration
comprising solely a first horizontal component directed
parallel to the first vector and in the same direction as the
first vector, the second thrust in the second high speed
configuration comprising solely a second horizontal com-
ponent directed parallel to the first vector and 1n the same
direction as the first vector.

10. The rotorcrait according to claim 1, wherein when the
rotorcrait 1s flying forwards at a speed greater than or equal
to a speed threshold, the first thrust and the second thrust are
coplanar, the first thrust and the second thrust being parallel
to a horizontal plane containing the first vector and the
second vector.

11. The rotorcrait according to claim 1, wherein the first
propeller comprises a first propeller shatt for rotating a first
hub carrying blades, the second propeller comprises a sec-
ond propeller shaft for rotating a second hub carrying blades,
and the adjustment system comprises a first mobility system
configured to move the first propeller shaft in rotation about
a t1lt axis imparting to the first propeller shaft relative to the
fuselage solely one degree of freedom to move 1n rotation
about the first axis of rotation and one degree of freedom to
move 1n rotation about the tilt axis, the adjustment system
including a second mobility system configured to move the
second propeller shaft in rotation about the tilt axis impart-
ing to the second propeller shait relative to the fuselage
solely one degree of freedom to move 1n rotation about the
second axis of rotation, and one degree of freedom to move
in rotation about the tilt axis.

12. The rotorcraft according to claim 11, wherein the first
propeller 1s configured to tilt 1n a first tilt direction from a
first position to be held in the first low speed configuration
to a second position to be held in the first high speed
configuration, the first axis of rotation and the first thrust
coinciding and presenting a first acute angle of less than 90
degrees relative to a horizontal plane containing the first
vector and the second vector 1n the first position, the first
axis of rotation and the first thrust being parallel to the
horizontal plane 1n the second position; and

wherein the second propeller 1s configured to tilt 1n a
second tilt direction from a third position to be held 1n
the second low speed configuration to a fourth position
to be held 1n the second high speed configuration, the
second axis of rotation and the second thrust coinciding
and presenting a second acute angle of less than 90
degrees relative to the horizontal plane, the second tilt
direction being opposite to the first tilt direction when
seen 1 a transverse direction going from the first
propeller to the second propeller, the second axis of
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rotation and the second thrust being parallel to the
horizontal plane in the fourth position.

13. The rotorcrait according to claim 11, wherein the main
rotor includes main blades rotating about a main axis of
rotation of the main rotor, the tilt axis intersecting the main
axis of rotation.

14. The rotorcrait according to claim 12, wherein the first
propeller presents a first thrust center positioned on the tilt
axis and the second propeller presents a second center of
thrust positioned on the tilt axis.

15. The rotorcrait according to claim 9, wherein the first
propeller comprises a first propeller shaft for rotating a first
hub carrying first blades, the second propeller comprises a
second propeller shaft for rotating a second hub carrying
second blades, and the adjustment system includes a first
device for cyclically moditying the pitch of the blades of the
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first propeller and a second device for cyclically moditying
the pitch of the blades of the second propeller.

16. A method of optimizing the lift of the rotorcraft
according to claim 1, in which the method includes the
following step:

positioning the first propeller in the first low speed

configuration and the second propeller 1n the second
low speed configuration during a stage of hovering
flight.

17. The method according to claim 16, wherein the
method includes the following step:

positioning the first propeller in the first high speed

configuration and the second propeller 1n the second
speed configuration when the rotorcraft i1s traveling

forwards at a speed greater than or equal to a speed
threshold.
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