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Description

BACKGROUND

[0001] Aircraft control systems comprise a collection
of mechanical linkages and equipment connecting cock-
pit controls to flight control surfaces that allows an aircraft
to be flown with precision and reliability. Aircraft control
systems may further comprise sensors, actuators (hy-
draulic, mechanical, or electrical) and computers. Push-
pull rods, torque tubes, bell cranks, cables and pulleys
are commonly found in conventional mechanical flight
control systems. In fixed wing aircraft, the flight control
system controls operation for the aircraft’s airfoil, eleva-
tor, rudder, and other control surfaces. In a rotorcraft, the
flight control system controls operation (i.e. pitch) of the
rotor blades through a swash plate component. An air-
craft or rotorcraft’s flight control system is critical to flight
safety. Damage or failure of a flight control system com-
ponent during flight operations often have serious con-
sequences.
[0002] US2011/210229 discloses a structural rod with
a primary rod that has an axial cavity and a secondary
rod inside the axial cavity so that the secondary rod is
able to move inside the axial cavity along the direction
of the longitudinal axis of the rod. The primary rod has a
bearing for fastening the structural rod at the first end in
a rigid manner and is not fastened rigidly to the structure
at the second end. Conversely, the secondary rod has a
bearing for fastening the structural rod at the second end
in a rigid manner and is not fastened rigidly to the struc-
ture at the first end.
[0003] US4924043 discloses a contact link for flight
controls of aerodynes, especially helicopters. The link
comprises a rod mounted axially slideably over a limited
stroke under tension and under compression in a body.
FR2599793 discloses a connecting rod system intended
to be arranged between two points of a structure and
intended to resist a longitudinal forces threshold. The
connecting rod comprises: at least one first connecting
rod 4 designed so as to be able to withstand the said
forces; the said first connecting rod 4 being connected,
with at least one longitudinal clearance, to at least one
of the said two points 2, 3 of the structure; at least one
second connecting rod 8, associated in parallel with the
said first connecting rod 4, and having greater longitudi-
nal elasticity than the said first connecting rod 4.

SUMMARY

[0004] Embodiments are directed to systems for pro-
viding a control link for an aircraft in which the control link
is an impact-resistant structure with a redundant load
path according to claim 1. The control link has an inner
structure that is sized to carry the anticipated load of the
flight control system and to meet all safety factors. The
control link also has an outer structure that is sacrificial
and configured to absorb impact damage during opera-

tion, thereby protecting the inner structure. The outer
structure is also designed to carry the anticipated load
of the flight control system on its own, independent of the
inner structure, and to meet all safety factors. If the outer
structure fails, the inner structure allows for continued
safe operation of the flight control system. The space or
cavity between the inner and outer structures may be
filled with a material, such as a closed-cell foam, to im-
prove the impact resistance of the outer structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Having thus described the invention in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is a side view of an example helicopter capa-
ble of being used with embodiments of the disclosed
redundant impact-resistant structures.
FIG. 2 is an oblique view of an example tiltrotor air-
craft capable of being used with embodiments of the
redundant impact-resistant structures.
FIG. 3 illustrates a simplified rotorcraft flight control
system for use with redundant impact-resistant
structures according to an example embodiment.
FIG. 4 illustrates an example prior art single-rod con-
trol link for an aircraft.
FIG. 5A illustrates a prior art control tube for an air-
craft.
FIG. 5B is a cutaway view of the control tube shown
in FIG. 5A.
FIG. 6A is a cutaway view of a redundant impact-
resistant control tube for an aircraft according to one
embodiment.
FIG. 6B is a cross-section view of the redundant im-
pact-resistant control tube shown in FIG. 6A.
FIG. 7 illustrates a redundant impact-resistant con-
trol tube according to another embodiment.
FIG. 8 illustrates another example of a redundant
impact-resistant control tube.

[0006] While the system of the present application is
susceptible to various modifications, specific embodi-
ments thereof have been shown by way of example in
the drawings and are herein described in detail. It should
be understood, however, that the description herein of
specific embodiments is not intended to limit the system
to the particular forms disclosed, but on the contrary, the
intention is to cover all modifications falling within the
scope of the present application as defined by the ap-
pended claims.

DETAILED DESCRIPTION

[0007] Illustrative embodiments of the system of the
present application are described below. In the interest
of clarity, not all features of an actual implementation are
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described in this specification.
[0008] In the specification, reference may be made to
the spatial relationships between various components
and to the spatial orientation of various aspects of com-
ponents as the devices are depicted in the attached draw-
ings. However, as will be recognized by those skilled in
the art after a complete reading of the present application,
the devices, members, apparatuses, etc. described here-
in may be positioned in any desired orientation. Thus,
the use of terms to describe a spatial relationship be-
tween various components or to describe the spatial ori-
entation of aspects of such components should be un-
derstood to describe a relative relationship between the
components or a spatial orientation of aspects of such
components, respectively, as the device described here-
in may be oriented in any desired direction.
[0009] FIGS. 1 and 2 are schematic diagrams of two
different rotorcrafts capable of being used with embodi-
ments of the redundant impact-resistant structures dis-
closed herein. FIG. 1 is a side view of an example heli-
copter 101, while FIG. 2 is an oblique view of an example
tiltrotor aircraft 201. Helicopter 101 includes a rotary sys-
tem 102 carried by a fuselage 103. Rotor blades 104
connected to the rotary system 102 provide lift to enable
flight for helicopter 101. The rotor blades 104 are con-
trolled by multiple controllers within fuselage 103. The
pitch of each rotor blade 104 can be manipulated to se-
lectively control direction, thrust, and lift of the helicopter
101. For example, during flight a pilot can manipulate a
cyclic controller to change the pitch angle of rotor blades
104 and/or manipulate pedals to provide vertical, hori-
zontal, and yaw flight movement. Helicopter 101 can fur-
ther include an anti-torque system 105 mounted on an
empennage 106.
[0010] Tiltrotor aircraft 201 includes two or more rotary
systems 202 having multiple proprotors 203 and carried
by rotatable nacelles 204. The rotatable nacelles 204 pro-
vide means for allowing aircraft 201 to take-off and land
like a conventional helicopter, and for horizontal flight like
a conventional fixed wing aircraft. Like the helicopter 101,
the tiltrotor aircraft 201 includes controls, e.g., cyclic con-
trollers and pedals, carried within the cockpit 205 of fu-
selage 206, for causing movement of the aircraft and for
selectively controlling the pitch of each blade 203 to con-
trol the direction, thrust, and lift of tiltrotor aircraft 201.
[0011] Although FIG. 2 shows tiltrotor aircraft 201 in a
helicopter mode wherein proprotors 203 are positioned
substantially vertical to provide a lifting thrust. It will be
understood that in other embodiments, tiltrotor aircraft
201 may operate in an airplane mode wherein proprotors
203 are positioned substantially horizontal to provide a
forward thrust. Proprotors 203 may also move between
the vertical and horizontal positions during flight as tiltro-
tor aircraft 201 transitions between a helicopter mode
and an airplane mode. Wings 207 may provide lift to tiltro-
tor aircraft 201 in certain flight modes (e.g., during forward
flight) in addition to supporting rotatable nacelles 204 and
rotary systems 202. Control surfaces 208 on wings 207

and/or control surfaces 209 on a tail section may be used
to adjust the attitude of tiltrotor aircraft 201 around the
pitch, roll, and yaw axes while in airplane mode. Control
surfaces 208 and 209 may be, for example, ailerons,
flaps, slats, spoilers, elevators, or rudders that are con-
trolled by cyclic controllers, pedals or other flight controls
within cockpit 205 of fuselage 206.
[0012] Embodiments of the present disclosure are not
limited to any particular setting or application, and em-
bodiments can be used with a rotor system in any setting
or application such as with other aircraft, or equipment.
It will be understood that aircraft 101 and 201 are used
merely for illustration purposes and that any aircraft, in-
cluding fixed wing, rotorcraft, commercial, military, or ci-
vilian aircraft, or any other non-aircraft vehicle may use
the redundant impact-resistant structures as disclosed
herein.
[0013] FIG. 3 illustrates a simplified rotorcraft flight
control system 300 for use with redundant impact-resist-
ant structures according to an example embodiment. The
example rotorcraft flight control system 300 connects
cockpit control components 301, 302 (e.g., a cyclic con-
troller or control stick) to a swashplate 303 of a rotorcraft.
In some implementations, the cockpit control compo-
nents 301, 302 are coupled to operate in tandem, such
as for controls used by both a pilot and copilot. Swash
plate 303 comprises a non-rotating lower plate 304 and
a rotating upper plate 305. Swash plate 303 operates to
translate movement of cockpit control components 301,
302 into changes in the pitch of rotor blades 306. Mast
307 is rotated by a transmission 308, which is in turn
driven by an engine (not shown). Rotor blades 306 are
coupled to mast 307 by a hub 309. When mast 307 is
rotated by transmission 308, the rotor blades 306 are
then rotated with mast 307. The angle or pitch of rotor
blades 306 can be varied by moving rotor blade pitch
control horns 310 up or down.
[0014] Pitch control horns 310 are coupled to the upper
swash plate 305 by pitch links 311. When the upper
swash plate 305 is tilted, the pitch links 311 translate that
movement to pitch control horns 310, which cause the
pitch of rotor blades 306 to increase or decrease. Upper
swash plate 305 is tilted by movement of lower swash
plate 304, which can be tilted simultaneously along both
forward-backward and side-to-side axes. The movement
of lower swash plate 304 is controlled by cockpit control
components 301, 302 through control tubes 312 and var-
ious connecting linkages, bell cranks, etc. The control
tubes 312 transmit control inputs from the cockpit control
components 301, 302 to the swashplate 303. Additional
control system elements, such as actuators, dampeners,
delays, amplifiers, and stabilizers, may also be included
in the rotorcraft flight control system 300 but are not
shown in FIG. 3 to simplify the illustration.
[0015] Control tubes are found in many aircraft flight
control systems such as to control the swash plate as
shown above and/or to move other flight control surfaces.
For example, control tubes may be used to move ailer-
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ons, flaps, slats, spoilers, elevators, or rudders. Control
tubes are push-pull tubes that allow for transferring con-
trol movements through a single link (i.e., tube or rod)
positively and in direct proportion to a control input. A
single push-pull control tube can transfer tension and
compression loads. Control tubes are a critical compo-
nent of aircraft flight control systems.
[0016] Safety considerations require that the control
tubes themselves do not break, bend excessively, or oth-
erwise fail or become distorted. Control tubes in existing
aircraft systems are typically either a hollow tube or a
solid rod that has a design width or thickness to withstand
expected operational loads plus some safety factor. How-
ever, existing control tubes present a single point of fail-
ure in aircraft control systems. If an existing control tube
fails, such as by breaking, bending out of shape, or losing
rigidity over time, then it is likely that the aircraft system
in which the control tube is installed will also fail or be
otherwise compromised.
[0017] FIG. 4 illustrates an example prior art control
link 400 for an aircraft. Control link 400 comprises a sin-
gle, solid rod 401 that is attached to two end connectors
402.
[0018] FIGS. 5A and 5B illustrate another example of
a prior art control link 500 for an aircraft. Control link 500
comprises a tube 501 that is attached to two end con-
nectors 502. As shown in cutaway section 503, tube 501
is a hollow structure.
[0019] Control links 400 and 500 may be designed so
that they are able handle the tension and compression
forces that are expected in an aircraft flight control sys-
tem. However, if rod 401 or tube 501 are damaged by an
impact, break due to stress, or are otherwise deformed,
then the entire control link 400 or 500 will fail. Failure of
the control link 400 or 500 will then likely cause the aircraft
flight control system in which the control link is installed
to fail.
[0020] FIGS. 6A and 6B illustrate a redundant impact-
resistant control tube 600 for an aircraft according to one
embodiment. Control tube 600 overcomes the problems
of prior art control links by providing an impact-resistant
structure having a redundant load path. Control tube 600
comprises an outer structure 601 and an inner structure
602 attached to end connectors 603. Outer structure 601
is a hollow tube that is spaced apart from inner structure
602. Inner structure may be a hollow tube or a solid rod.
Both outer structure 601 and inner structure 692 are at-
tached to the end connectors 603 so that any load forces
applied to control tube 600 are carried by both the outer
structure 601 and an inner structure 602.
[0021] Outer structure 601 is designed to carry at least
100% of the compression and/or tension loads for the
intended control system in which it will be used. Similarly,
inner structure 602 is also designed to carry at least 100%
of the compression and/or tension load for the intended
system. This creates redundant load paths though both
outer structure 601 and inner structure 602. Both outer
structure 601 and inner structure 602 are designed to

meet all system load requirements with appropriate safe-
ty factors. Additionally, outer structure 601 is sacrificial
and absorbs any impact damage thereby protecting inner
structure 602. If outer structure 601 fails, then inner struc-
ture 602 supports the required load and allows continued
flight.
[0022] Outer structure 601 and inner structure 602 may
be manufactured using aluminum, steel, or other metal,
or a composite material. Outer structure 601 and inner
structure 602 may be manufactured from the same ma-
terial or from different materials. For example, while outer
structure 601 and inner structure 602 may be designed
to handle the same load forces, they may be manufac-
tured from different materials to provide different wear
patterns. If different materials are used to construct outer
structure 601 and inner structure 602, then the structures
may be subject to different wear types (e.g., mechanical,
chemical, thermal) and/or wear processes (e.g., fracture,
plastic flow, dissolution, oxidation, etc.), which may yield
different wear rates or damage risks. Furthermore, since
inner structure 602 is enclosed within, and therefore pro-
tected by, outer structure 601, inner structure 602 is not
exposed to the same environmental factors as outer
structure 601. Accordingly, while the material used for
outer structure 601 may be designed to resist certain
types of damage based on environmental conditions
(e.g., oxidation, corrosion, etc.), the material used for in-
ner structure 602 may not require those qualities since
inner structure 602 is protected from the environment.
[0023] End connectors 603 may be manufactured from
the same material as either outer structure 601 or inner
structure 602 or from a different material. End connectors
603 may be any appropriate type of connector or attach-
ment, such as a clevis end, a threaded rod end, self-
aligning antifriction rod end, or the like. Both end connec-
tors 603 may be of the same or different types depending
upon the design of the flight control system and installa-
tion requirements.
[0024] The cavity 604 between the outer structure 601
and inner structure 602 is unfilled in example control tube
600. FIG. 7 illustrates a redundant impact-resistant con-
trol tube 700 for an aircraft according to another embod-
iment. Control tube 700 comprises an outer structure 701
and an inner structure 702 between end connectors 703.
Outer structure 701 is a hollow tube that is spaced apart
from inner structure 702. A filler 704 is included between
outer structure 701 and inner structure 702. Filler 704
may be a shock absorbing, vibration dampening, insu-
lating, or other material or barrier, such as a polyethylene
closed-cell foam. In other embodiments, filler 704 may
be a gas or liquid. Filler 704 may be used to protect inner
structure 702, such as to prevent damage to outer struc-
ture 701 from propagating to inner structure 702. Alter-
natively, or additionally, filler 704 may be used to further
isolate inner structure 702 from the environment and
thereby minimize wear, aging, or other damage to inner
structure 702.
[0025] The profile of the outer structure and the inner
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structure (i.e, size, shape, cross-section, etc.) may be
similar or different. For example, in FIG. 7, the profile of
outer structure 701 has a wide center section with tapered
ends, while the inner structure 702 is a rod with a con-
sistent width across the entire structure. FIG. 8 illustrates
another example of a redundant impact-resistant control
tube 800. Control tube 800 comprises an outer structure
801 and an inner structure 802 between end connectors
803. The profiles of outer structure 801 and inner struc-
ture 802 are similar wherein both have a wide center
section with tapered ends. As a result, outer structure
801 is slightly spaced apart from inner structure 802,
which provides less space for filler 804 compared to filler
704 in control tube 700.
[0026] The foregoing has outlined rather broadly the
features and technical advantages of the present inven-
tion in order that the detailed description of the invention
that follows may be better understood. Additional fea-
tures and advantages of the invention will be described
hereinafter which form the subject of the claims of the
invention. The novel features which are believed to be
characteristic of the invention, together with further ob-
jects and advantages will be better understood from the
following description when considered in connection with
the accompanying figures. It is to be expressly under-
stood, however, that each of the figures is provided for
the purpose of illustration and description only and is not
intended as a definition of the limits of the present inven-
tion.

Claims

1. An aircraft control link (600, 700, 800) with an impact-
resistant structure having a redundant load path for
carrying loads of a flight control system, comprising:

a first elongated structure (602, 702, 802) having
a first end and a second end;
a second elongated structure (601, 701, 801)
having a first end and a second end, the second
elongated structure (601, 701, 801) having a tu-
bular shape with an inner wall, wherein the first
elongated structure (602, 702, 802) is disposed
entirely within the second elongated structure
(601, 701, 801) and spaced apart from the inner
wall;
a first end connector (603, 703, 803) attached
both to the first end of the first elongated struc-
ture (602, 702, 802) and to the first end of the
second elongated structure (601, 701, 801); and
a second end connector (603, 703, 803) at-
tached both to the second end of the first elon-
gated structure (602, 702, 802) and to the sec-
ond end of the second elongated structure (601,
701, 801),
characterized in that any load forces applied
to the aircraft control link (600, 700, 800) are

carried by both the first elongated structure (602,
702, 802) and the second elongated structure
(601, 701, 801).

2. The control link of claim 1, further comprising:
a filler (604, 704, 804) positioned within the second
elongated structure (601, 701, 801) between the in-
ner wall and an outer surface of the first elongated
structure (602, 702, 802).

3. The control link of claim 2, wherein the filler (604,
704, 804) is a shock-absorbing material; and/or a
vibration-dampening material

4. The control link of claim 2, wherein the filler (604,
704, 804) is a closed-cell foam.

5. The control link of claim 1, wherein the second elon-
gated structure (601, 701, 801) is a solid structure.

6. The control link of claim 1, wherein the second elon-
gated structure (601, 701, 801) is a hollow structure.

7. A rotorcraft (101, 201), comprising:

a fuselage (103, 206);
a drive means carried by the fuselage (103,
206);
a rotor system (102, 202) including a rotor hub
and rotor blades (104, 306), the rotor system
(102, 202) being coupled to the drive means;
a flight control system (300) coupled to the rotor
system (102, 202) and configured to control a
pitch of the rotor blades (104, 306) in response
to an aircrew input, the flight control system
(300) comprising at least one aircraft control link
(600, 700, 800) according to claim 1.

8. The rotorcraft (101, 201) of claim 7, further compris-
ing:
a filler (604, 704, 804) positioned within the second
elongated structure (601, 701, 801) between the in-
ner wall and an outer surface of the first elongated
structure (602, 702, 802). control link (600, 700, 800)
according to claim 1.

9. The rotorcraft (101, 201) of claim 8, wherein the filler
(604, 704, 804) is a shock-absorbing material.

10. The rotorcraft (101, 201) of claim 8, wherein the filler
(604, 704, 804) is a closed-cell foam.

11. The rotorcraft (101, 201) of claim 8, wherein the filler
(604, 704, 804) is a vibration-dampening material.

12. The rotorcraft (101, 201) of claim 7, wherein the sec-
ond elongated structure (601, 701, 801) is a solid
structure.
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13. The rotorcraft (101, 201) of claim 7, wherein the sec-
ond elongated structure (601, 701, 801) is a hollow
structure.

14. The rotorcraft (101, 201) of claim 7, wherein the con-
trol link (600, 700, 800) is configured to support a
design load within the flight control system (300),
and both the first elongated structure (602, 702, 802)
and the second elongated structure (601, 701, 801)
are capable of supporting the design load individu-
ally.

15. The rotorcraft (101, 201) of claim 14, wherein the
design load is compression load or a tension load or
both.

Patentansprüche

1. Flugzeugsteuerungsverbindung (600, 700, 800) mit
einer stoßfesten Struktur mit einem redundanten
Lastpfad zum Tragen von Lasten eines Flugsteue-
rungssystems, umfassend:

eine erste langgestreckte Struktur (602, 702,
802) mit einem ersten Ende und einem zweiten
Ende;
eine zweite langgestreckte Struktur (601, 701,
801) mit einem ersten Ende und einem zweiten
Ende, wobei die zweite langgestreckte Struktur
(601, 701, 801) eine röhrenförmige Form mit ei-
ner Innenwand aufweist, wobei die erste lang-
gestreckte Struktur (602, 702, 802) vollständig
innerhalb der zweiten langgestreckten Struktur
(601, 701, 801) angeordnet und von der Innen-
wand beabstandet ist;
einen ersten Endverbinder (603, 703, 803), der
sowohl am ersten Ende der ersten langge-
streckten Struktur (602, 702, 802) als auch am
ersten Ende der zweiten langgestreckten Struk-
tur (601, 701, 801) befestigt ist; und
einen zweiten Endverbinder (603, 703, 803), der
sowohl am zweiten Ende der ersten langge-
streckten Struktur (602, 702, 802) als auch am
zweiten Ende der zweiten langgestreckten
Struktur (601, 701, 801) befestigt ist, dadurch
gekennzeichnet, dass alle an die Flugzeug-
steuerungsverbindung (600, 700, 800) angeleg-
ten Lastkräfte sowohl von der ersten langge-
streckten Struktur (602, 702, 802) als auch der
zweiten langgestreckten Struktur (601, 701,
801) getragen werden.

2. Steuerungsverbindung nach Anspruch 1, weiter um-
fassend:
einen Füllstoff (604, 704, 804), der innerhalb der
zweiten langgestreckten Struktur (601, 701, 801)
zwischen der Innenwand und einer Außenoberflä-

che der ersten langgestreckten Struktur (602, 702,
802) positioniert ist.

3. Steuerungsverbindung nach Anspruch 2, wobei der
Füllstoff (604, 704, 804) ein stoßdämpfendes Mate-
rial ist; und/oder ein schwingungsdämpfendes Ma-
terial.

4. Steuerungsverbindung nach Anspruch 2, wobei der
Füllstoff (604, 704, 804) ein geschlossenzelliger
Schaumstoff ist.

5. Steuerungsverbindung nach Anspruch 1, wobei die
zweite langgestreckte Struktur (601, 701, 801) eine
feste Struktur ist.

6. Steuerungsverbindung nach Anspruch 1, wobei die
zweite langgestreckte Struktur (601, 701, 801) eine
hohle Struktur ist.

7. Drehflügler (101, 201), umfassend:

einen Rumpf (103, 206);
ein vom Rumpf getragenes Antriebsmittel (103,
206);
ein Rotorsystem (102, 202) einschließlich einer
Rotornabe und Rotorschaufeln (104, 306), wo-
bei das Rotorsystem (102, 202) mit dem An-
triebsmittel gekoppelt ist;
ein Flugsteuerungssystem (300), das mit dem
Rotorsystem (102, 202) gekoppelt ist und kon-
figuriert ist, um einen Anstellwinkel der Rotor-
schaufeln (104, 306) als Reaktion auf eine Flug-
besatzungseingabe zu steuern, wobei das Flug-
steuerungssystem (300) mindestens eine Flug-
zeugsteuerungsverbindung (600, 700, 800)
nach Anspruch 1 umfasst.

8. Drehflügler (101, 201) nach Anspruch 7, weiter um-
fassend:
einen Füllstoff (604, 704, 804), der innerhalb der
zweiten langgestreckten Struktur (601, 701, 801)
zwischen der Innenwand und einer Außenoberflä-
che der ersten langgestreckten Struktur (602, 702,
802) positioniert ist.

9. Drehflügler (101, 201) nach Anspruch 8, wobei der
Füllstoff (604, 704, 804) ein stoßdämpfendes Mate-
rial ist.

10. Drehflügler (101, 201) nach Anspruch 8, wobei der
Füillstoff (604, 704, 804) ein geschlossenzelliger
Schaumstoff ist.

11. Drehflügler (101, 201) nach Anspruch 8, wobei der
Füillstoff (604, 704, 804) ein schwingungsdämpfen-
des Material ist.

9 10 
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12. Drehflügler (101, 201) nach Anspruch 7, wobei die
zweite langgestreckte Struktur (601, 701, 801) eine
feste Struktur ist.

13. Drehflügler (101, 201) nach Anspruch 7, wobei die
zweite langgestreckte Struktur (601, 701, 801) eine
hohle Struktur ist.

14. Drehflügler (101, 201) nach Anspruch 7, wobei die
Steuerungsverbindung (600, 700, 800) konfiguriert
ist, um eine Konstruktionslast innerhalb des Flug-
steuerungssystems (300) zu tragen, und sowohl die
erste langgestreckte Struktur (602, 702, 802) als
auch die zweite langgestreckte Struktur (601, 701,
801) in der Lage sind, die Konstruktionslast einzeln
zu tragen.

15. Drehflügler (101, 201) nach Anspruch 14, wobei die
Konstruktionslast eine Kompressionslast oder eine
Zuglast oder beides ist.

Revendications

1. Liaison de commande d’aéronef (600, 700, 800) pré-
sentant une structure résistant aux impacts présen-
tant un trajet de charge redondante pour transporter
des charges d’un système de commande de vol,
comprenant :

une première structure allongée (602, 702, 802)
présentant une première extrémité et une se-
conde extrémité ;
une seconde structure allongée (601, 701, 801)
présentant une première extrémité et une se-
conde extrémité, la seconde structure allongée
(601, 701, 801) présentant une forme tubulaire
avec une paroi interne, dans laquelle la première
structure allongée (602, 702, 802) est disposée
entièrement dans la seconde structure allongée
(601, 701, 801) et espacée de la paroi interne ;
un premier connecteur d’extrémité (603, 703,
803) fixé à la fois à la première extrémité de la
première structure allongée (602, 702, 802) et
à la première extrémité de la seconde structure
allongée (601, 701, 801) ; et
un second connecteur d’extrémité (603, 703,
803) fixé à la fois à la seconde extrémité de la
première structure allongée (602, 702, 802) et
à la seconde extrémité de la seconde structure
allongée (601, 701, 801), caractérisée en ce
que de quelconques forces de charge appli-
quées à la liaison de commande d’aéronef (600,
700, 800) sont transportées à la fois par la pre-
mière structure allongée (602, 702, 802) et la
seconde structure allongée (601, 701, 801).

2. Liaison de commande selon la revendication 1, com-

prenant en outre :
une matière de remplissage (604, 704, 804) posi-
tionnée dans la seconde structure allongée (601,
701, 801) entre la paroi interne et une surface exter-
ne de la première structure allongée (602, 702, 802).

3. Liaison de commande selon la revendication 2, dans
laquelle la matière de remplissage (604, 704, 804)
est un matériau absorbant les chocs ; et/ou un ma-
tériau amortissant les vibrations.

4. Liaison de commande selon la revendication 2, dans
laquelle la matière de remplissage (604, 704, 804)
est une mousse à alvéoles fermées.

5. Liaison de commande selon la revendication 1, dans
laquelle la seconde structure allongée (601, 701,
801) est une structure solide.

6. Liaison de commande selon la revendication 1, dans
laquelle la seconde structure allongée (601, 701,
801) est une structure creuse.

7. Giravion (101, 201) comprenant :

un fuselage (103, 206) ;
un moyen d’entraînement supporté par le fuse-
lage (103, 206) ;
un système de rotor (102, 202) incluant un
moyeu de rotor et des pales de rotor (104, 306),
le système de rotor (102, 202) étant couplé au
moyen d’entraînement ;
un système de commande de vol (300) couplé
au système de rotor (102, 202) et configuré pour
commander un pas des pales de rotor (104, 306)
en réponse à une entrée d’hélice, le système de
commande de vol (300) comprenant au moins
une liaison de commande d’aéronef (600, 700,
800) selon la revendication 1.

8. Giravion (101, 201) selon la revendication 7, com-
prenant en outre :
une matière de remplissage (604, 704, 804) posi-
tionnée dans la seconde structure allongée (601,
701, 801) entre la paroi interne et une surface exter-
ne de la première structure allongée (602, 702, 802).

9. Giravion (101, 201) selon la revendication 8, dans
lequel la matière de remplissage (604, 704, 804) est
un matériau absorbant les chocs.

10. Giravion (101, 201) selon la revendication 8, dans
lequel la matière de remplissage (604, 704, 804) est
une mousse à alvéoles fermées.

11. Giravion (101, 201) selon la revendication 8, dans
lequel la matière de remplissage (604, 704, 804) est
un matériau amortissant les vibrations.

11 12 



EP 3 617 066 B9

8

5

10

15

20

25

30

35

40

45

50

55

12. Giravion (101, 201) selon la revendication 7, dans
lequel la seconde structure allongée (601, 701, 801)
est une structure solide.

13. Giravion (101, 201) selon la revendication 7, dans
lequel la seconde structure allongée (601, 701, 801)
est une structure creuse.

14. Giravion (101, 201) selon la revendication 7, dans
lequel la liaison de commande (600, 700, 800) est
configurée pour supporter une charge de conception
dans le système de commande de vol (300) et à la
fois la première structure allongée (602, 702, 802)
et la seconde structure allongée (601, 701, 801) peu-
vent supporter individuellement la charge de con-
ception.

15. Giravion (101, 201) selon la revendication 14, dans
lequel la charge de conception est une charge de
compression ou une charge de tension ou l’une et
l’autre.
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