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Description

BACKGROUND

Technical Field:

[0001] The system and method of the present applica-
tion relate to a damper for an aircraft. In particular, the
system of the present application relates to a lead/lag
damper for helicopters and other rotary wing aircraft.

Description of Related Art:

[0002] Certain rotorcraft have multi-bladed rotor hub
configurations that may require lead/lag dampers to treat
forces associated with the oscillatory acceleration and
deceleration of each rotor blade during operation. During
forward flight of the rotorcraft, unequal drag forces on the
advancing and retreating rotor blade positions typically
cause oscillating forces that if left untreated, negatively
affect the rotorcraft. For example, untreated lead/lag os-
cillating forces can severely limit the life of structural com-
ponents through fatigue. Furthermore, untreated lead/lag
oscillating forces have even been known to cause cata-
strophic results in a "ground resonance" phenomenon,
in which the oscillation frequency is similar to the reso-
nant frequency of the aircraft while resting on its landing
gear. There can be other unequal forces in the rotor sys-
tem, such as those that arise from rotor blade flapping
motions.
[0003] Certain rotorcraft may require electrical energy
to power one or more electrical subsystems located on
the rotor blades and/or rotating portion of the rotor sys-
tem. Typically, the electrical energy is generated by a
generator positioned near the rotorcraft engine, which
can create technical issues when channeling the electri-
cal energy to one or more electrical subsystems located
on rotating components of the rotor system. Convention-
ally, a slip ring and/or other suitable devices are used
when transferring the electrical energy from the non-ro-
tating components to the rotating components on the ro-
tor hub. However, slip ring devices are typically heavy
and unreliable, which can negatively affect the efficiency
of the rotorcraft.
[0004] European patent application EP 1 566 563 de-
scribes a helicopter rotor assembly comprising a rotating
yoke member, a blade member connected to the yoke
member, the blade member being movable relative to
the yoke member; and a magnetic particle damper. The
magnetic particle damper, used to dampen motion be-
tween the yoke member and the blade, comprises two
conductors, each attached to one of the movable parts
by connecting rods with the gap between opposed facing
surfaces being filled with dry magnetic particles, and
magnets mounted respectively on both conductors. The
magnets attached to the conductors produces a magnet-
ic flux, confined to a magnetic flux path defined by the
relative magnetically permeable and non-permeable re-

gions of the conductors which flows across the gap and
through the magnetic particles. The magnetic field caus-
es the magnetic particles along the flux path to adhere
to one another and to the opposed facing surfaces of the
conductors and to produce a force opposing the relative
movement of the conductors to one another.
[0005] US patent application US2011/0155841 de-
scribes a mechanism for damping vibrations to prevent
coupling of the vibration modes of the carrier structure
with variation modes of a motor secured to said carrier
structure. The mechanism comprises a support suitable
for being fastened to said rotor and at least one resonator
including a mass carried by said support via mobile
mounting means for mounting said mass to move on said
support said mechanism including damper means for
damping the resonator, which means are interposed be-
tween the resonator and an engagement member on said
support.
[0006] US patent application US 2009/0218443 de-
scribes a MagnetoRheolocial Fluid Elastic (MRFE) lag
damper system for adaptive lead-lag damping of helicop-
ter main rotors.
[0007] Although the foregoing developments repre-
sent strides in the area of rotorcraft systems, many short-
comings remain.

Description of the Drawings

[0008] The novel features believed characteristic of the
embodiments of the present application are set forth in
the appended claims. However, the embodiments them-
selves, as well as a preferred mode of use, and further
objectives and advantages thereof, will best be under-
stood by reference to the following detailed description
when read in conjunction with the accompanying draw-
ings, wherein:

Figure 1 is a side view of a rotorcraft, according to
an embodiment of the present application;

Figure 2 is a top schematic view of a rotor hub, ac-
cording to an embodiment of the present application;

Figure 3 is a top schematic view of a rotor hub, ac-
cording to an embodiment of the present application;

Figures 4A and 4B are top schematic views of a rotor
hub, according to an embodiment of the present ap-
plication;

Figure 5 is a perspective view of a lead/lag damper,
according to the preferred embodiment of the
present application;

Figure 6 is a cross-sectional view of the lead/lag
damper, taken from section lines VI-VI in Figure 5,
according to the preferred embodiment of the
present application;
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Figure 7 is a schematic diagram of a system, accord-
ing to an embodiment of the present application;

Figure 8 is a perspective view of a lead/lag damper,
according to an alternative embodiment of the
present application; and

Figure 9 is a method of using a lead/lag damper in
a rotorcraft according to an embodiment of the
present application.

Description of the Preferred Embodiment

[0009] Illustrative embodiments of the system and
method of the present application are described below.
In the interest of clarity, not all features of an actual im-
plementation are described in this specification. It will of
course be appreciated that in the development of any
such actual embodiment, numerous implementation-
specific decisions must be made to achieve the devel-
oper’s specific goals, such as compliance with system-
related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be
appreciated that such a development effort might be
complex and time-consuming but would nevertheless be
a routine undertaking for those of ordinary skill in the art
having the benefit of this disclosure. In the specification,
reference may be made to the spatial relationships be-
tween various components and to the spatial orientation
of various aspects of components as the devices are de-
picted in the attached drawings. However, as will be rec-
ognized by those skilled in the art after a complete read-
ing of the present application, the devices, members, ap-
paratuses, etc. described herein may be positioned in
any desired orientation. Thus, the use of terms such as
"above," "below," "upper," "lower," or other like terms to
describe a spatial relationship between various compo-
nents or to describe the spatial orientation of aspects of
such components should be understood to describe a
relative relationship between the components or a spatial
orientation of aspects of such components, respectively,
as the device described herein may be oriented in any
desired direction.
[0010] The system and method of the present applica-
tion relate to a lead/lag damper for an aircraft, such as a
rotorcraft. Further, the lead/lag damper is configured to
harvest power from the lead/lag oscillatory motions of
rotor blades with an electromagnetic linear motor/gener-
ator. Even further, the lead/lag damper is configured to
treat the lead/lag motions with the electromagnetic linear
motor/generator. The system and method of the present
application is well suited for use in the field of aircraft, in
particular, helicopters and other rotary wing aircraft.
[0011] Referring to Figure 1 in the drawings, a ro-
torcraft 101 according to the present application is illus-
trated. Rotorcraft 101 has a fuselage 109, a main rotor
mast 113, and a main rotor assembly 103 having main
rotor blades 105. Rotorcraft 101 has a tail member 107

and a landing gear 111. Main rotor blades 105 generally
rotate about an axis defined by main rotor mast 113. It
should be appreciated that the system and method of the
present application may also be utilized on other types
of rotary wing aircraft.
[0012] Referring now also to Figure 2, main rotor as-
sembly 103 includes a plurality of rotor blades 105 cou-
pled to a central yoke 117, via a rotor grip 119. Yoke 117
is coupled to rotor mast 113 such that rotation of rotor
mast 113, in a direction 115, causes the yoke 117 and
rotor blades 105 to rotate about the rotor mast axis of
rotation. The pitch of each rotor blade 105 is selectively
controlled in order to selectively control direction, thrust,
and lift of rotorcraft 101. Each rotor blade 105 is prefer-
ably hinged about a hinge axis 121. Hinge axis 121 can
be the result of a discreet hinge, or alternatively from a
virtual hinge, or combination of discreet hinges and/or
virtual hinges. A lead/lag damper 201 is coupled between
each rotor blade 105 and the rotor yoke 117. Lead/lag
damper 201 is configured to harvest energy as well as
treat lead/lag oscillations during operation of the ro-
torcraft, as further described herein. It should be appre-
ciated that the even though main rotor assembly 103 is
illustrated with four rotor blades 105, the system and
method of the present application is equally applicable
to rotor systems having an alternative number of rotor
blades 105.
[0013] Referring now to Figure 3, main rotor system
103 is further illustrated. For clarity, only a single rotor
blade 105 is shown; however, it should be appreciated
that the discussion regarding the rotor blade 105 is equal-
ly applicable to other rotor blades 105 that are not shown
for clarity. During operation of rotorcraft 101, main rotor
system 103 is subjected to a variety of aerodynamic forc-
es, as well as mechanical dynamic forces. Main rotor
system 103 rotates around the rotor mast axis at approx-
imately 300-350 revolutions per minute (RPM). However,
it should appreciated that the rate of rotation of main rotor
system 103 is implementation specific; accordingly, the
present application contemplates rotor hubs that rotate
at other RPM’s as well.
[0014] A centrifugal force 123 acts upon rotor blade
105 when rotor blade 105 is rotating around the rotor
mast axis. Further, an aerodynamic drag force 125 im-
parts a restraining force upon the rotor blade 105. The
centrifugal force 123 and aerodynamic drag force 125
create moments that act upon rotor blade 105. When the
moments from the centrifugal force 123 and aerodynamic
drag force 125 are balanced, then the rotor blade 105 is
an equilibrium position, such as equilibrium position 127.
[0015] Referring to Figure 4A, rotor blade 105 is shown
in a lead position 127’ in which the position of rotor blade
103 has deviated forward from equilibrium position 127.
Referring also to Figure 4B, rotor blade 103 is shown in
a lag position 127" in which the position of rotor blade
103 has deviated aft of equilibrium position 127. These
illustrative deviations can be the result of a lead/lag os-
cillatory force acting upon rotor blade 105. The deviation
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of rotor blade 105 into lead position 127’, or lag position
127", can be the result of a lead/lag force that imparts a
once per revolution (1/rev) oscillatory force facilitating
the temporary positioning of rotor blade 105 in lead po-
sition 127’ or lag position 127". When airflow resulting
from a translation of the rotorcraft, or a wind gust, aligns
with a directional position of rotor blade 105, then the
temporary decrease in drag acts to accelerate the rotor
blade 105 during that rotational phase of the rotor blade
105, resulting in the temporary lead position 127’. In con-
trast, when the translation airflow direction opposes the
directional position of rotor blade 105, then the temporary
increase in drag acts to decelerate the rotor blade 105
during that rotational phase of the rotor blade 105, re-
sulting in the temporary lag position 127". These lead/lag
forces act to accelerate and decelerate each rotor blade
105 within a single revolution (1/rev) about the rotor mast
113.
[0016] Referring now to Figure 5, a lead/lag damper
201, according to the preferred embodiment is illustrated.
Lead/lag damper 201 includes a first connection member
203 coupled to a shaft 207. A plurality of magnets, such
as magnets 209a-209c, are attached circumferentially
around shaft 207 such that an axial translation of shaft
207 also results in a translation of magnets 209a-209c.
Lead/lag damper 201 further includes a second connec-
tion member 205 coupled to a housing 211. In the pre-
ferred embodiment, first and second connection mem-
bers 203 and 205 are each a rod end with a spherical
bearing located therein. However, it should be appreci-
ated that first and second connection members 203 and
205 may be of any configuration capable of providing a
structural connection between rotor blade 105 and cen-
tral yoke 117.
[0017] Housing 211 is preferably cylindrically shaped
with a conductive member 213 associated with an interior
portion of housing 211. Conductive member 213 is a
winding of a conductive wire, such as a copper wire, to
form a solenoid. It should be appreciated that even
though conductive member 213 is illustrated and describ-
ing as an actual winding of conductive wire, conductive
member 213 can alternatively be any conductive speci-
men that allows currents to be generated. For example,
conductive member 213 can be a plurality of disk mem-
bers. A heat sink 215 is in thermal connection to an outer
portion of housing 211. Shaft 207 is resiliently coupled
to housing 211 with a first elastomeric bearing 217 and
a second elastomeric bearing 219. In the preferred em-
bodiment, first elastomeric bearing 217 and second elas-
tomeric bearing 219 are each adhesively bonded to shaft
207 and housing 211. First elastomeric bearing 217 and
second elastomeric bearing 219 each preferably include
a laminate of alternating layers of resilient cylindrical
elastomeric members separated by rigid cylindrical shim
layers. First elastomeric bearing 217 and second elasto-
meric bearing 219 each deform when subjected to a
shear force, thereby providing damping to the lead/lag
motion of rotor blade 105, as discussed further herein. It

should be appreciated that first elastomeric bearing 217
and second elastomeric bearing 219 may have a wide
variety of implementation specific configurations for tai-
loring of stiffness and damping characteristics. Further,
the requisite size of first elastomeric bearing 217 and
second elastomeric bearing 219 is implementation spe-
cific and depends in part on the predicted rotor hub and
blade loads. The geometry and composition of first elas-
tomeric bearing 217 and second elastomeric bearing 219
may be configured to provide linear or non-linear strain
properties.
[0018] One of the first connection member 203 and
second connection member 205 is coupled to the central
yoke 117, while the other of the first connection member
203 and second connection member 205 is coupled to
the rotor grip 119 of rotor blade 105. It should be appre-
ciated that lead/lag damper 201 may be associated with
the main rotor assembly 103 in a variety of configurations.
For example, lead/lag damper 201 may alternatively be
coupled between adjacent rotor blades 105, instead of
being coupled between the rotor blade 105 and central
yoke 117.
[0019] During operation, lead/lag damper 201 is con-
figured to harvest energy as well as treat lead/lag oscil-
lations during operation of rotorcraft 101. Electrical en-
ergy is created by the lead/lag forces effecting an oscil-
latory translation, in a direction 223, of magnets 209a-
209c relative to conductive member 213. The oscillatory
translation of magnets 209a-209c through the interior of
conductive member 213 creates an alternating current
in conductive member 213 by induction. Leads 221 are
electrically coupled between conductive member 213
and a circuitry of a system 701 (shown in Figure 7). Any
residual heat created in the inductive generating of elec-
trical energy can be dissipated into the ambient atmos-
phere by heat sink 215. In the preferred embodiment,
system 701 includes an energy storage device, such as
a battery or capacitor. Furthermore, the electrical energy
created by lead/lag damper 201 can be used to power
systems on the rotating portion of main rotor assembly
103. Exemplary systems can include rotor blade de-icing
systems, diagnostic systems, actuated rotor blade flaps,
and rotor blade lights, to name a few.
[0020] Lead/lag damper 201 is configured to treat
lead/lag oscillations in a variety of measures. Firstly, first
elastomeric bearing 217 and second elastomeric bearing
219 each deform when subjected to a shear force through
translation in direction 223, thereby providing damping
to the lead/lag motion of rotor blade 105. Secondly, the
resistance in the translation of magnets 209a-209c rela-
tive to conductive member 213 provides damping of the
lead/lag oscillatory motions. It should be appreciated that
the resistive damping can be actively and/or passively
varied in order to optimize the amount of resistive damp-
ing, as discussed further in regard to Figure 7. Thirdly, a
capacitor, an inductor, or other energy releasing device,
can be controllably used to impart a desired force reaction
between magnets 209a-209c relative to conductive
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member 213, thereby treating the lead/lag motions of ro-
tor blade 105, as discussed further in regard to Figure 7.
[0021] Referring to Figure 7, an exemplary system 701
and circuitry coupled to leads 221, is schematically illus-
trated. System 701 can include a resistor 703, a battery
705, a switch 711, a capacitor 709, a switch 713, and an
inductor 715. Resistor 703 is illustrative of a wide variety
of resistive configurations that can be used to selectively
vary the resistance in the translation of magnets 209a-
209c relative to conductive member 213, thereby provid-
ing variability in the damping effect upon the lead/lag mo-
tions of rotor blade 105. Resistor 703 can be a plurality
of resistors and switches, the switches being controlled
by a controller 717. In another embodiment, resistor 703
is in a duty cycle configuration such that the resistor is
rapidly switched on/off to efficiently and selectively pro-
vide damping effect upon the lead/lag motion of rotor
blade 105. Further, capacitor 709 can be selectively
charged and released so as to generate a force reaction
between magnets 209a-209c and conductive member
213, the force reaction being synchronized to push
against the lead/lag movement. In such an embodiment,
the electric energy generated by the translation of mag-
nets 209a-209c relative to conductive member 213 is
stored and released by capacitor 709, so as to further
treat the lead/motion. Similarly, an inductor 715 can be
selectively used to store and release energy to generate
a force reaction between magnets 209a-209c and con-
ductive member 213, the force reaction being synchro-
nized to pull against the lead/lag movement.
[0022] Still referring to Figure 7, a battery 705 can be
used to store electrical energy. A power consuming sys-
tem 707 is illustrative of a power system on the rotating
portion of main rotor assembly 103. It should be appre-
ciated that system 701 can include other system and cir-
cuit related components configured to further tailor the
functionality of lead/lag damper 201.
[0023] Referring now also to Figure 8, an alternative
embodiment lead/lag damper 801 is illustrated. Lead/lag
damper 801 is substantially similar to lead/lag damper
201, except for the differences noted herein. A housing
807 is used in lieu of shaft 207. Housing 807 is a cylin-
drical member that contains magnets 209a-209c, the
magnets 209a-209c being located on an interior portion
of housing 807. Further, lead/lag damper 801 includes a
flexible boot 825 configured to protect otherwise exposed
elements of lead/lag damper 801.
[0024] Referring now to Figure 9, a method 901 for
using lead/lag dampers 201 and 801, as well as system
701, in rotorcraft 101 is illustrated. Method 901 includes
a step 903 of generating electrical energy from lead/lag
motion of rotor blade 105. As further described herein,
the lead/lag motion causes a translation of magnets
209a-209c relative to conductive member 213, thereby
creating electrical energy. Method 901 further includes
a step 905 of storing the electrical energy harvested in
step 903. As further described herein, battery 805, ca-
pacitor 709, and inductor 715 are illustrative components

that can be used for storing the electrical energy. A step
907 includes treating the lead/lag motion of the rotor
blade with the harvested electrical energy stored in step
905. As further described herein, system 701 includes
circuitry for selectively generating resistance and inertial
forces between magnets 209a-209c relative to conduc-
tive member 213 for treating the lead/lag motions. Step
907 can include changing the damping characteristics
during operation of rotorcraft 101. For example, system
701 can be used to increase damping in lead/lag damper
201 during startup and shutdown periods to avoid ground
resonance issues. System 701 can then be used to de-
crease damping in lead/lag damper 201 during normal
flight operation to reduce performance losses in main
rotor assembly 103. Further, system 701 can be control-
led to selectively vary the treatment of lead/lag motions
in accordance with varying rotor RPM’s. Similarly, system
701 can be controlled to selectively vary the treatment
of lead/lag motions in accordance with varying ambient
conditions, such as temperature or altitude, for example.
A step 909 includes powering a system in the rotating
portion of main rotor assembly 103. As further described
herein, exemplary power consuming systems can in-
clude rotor blade de-icing systems, actuated rotor blade
flaps, and rotor blade lights, to name a few.
[0025] It should be appreciated that any of the compo-
nents of system 701 may be redundant of other compo-
nents in order to improve reliability and/or fault tolerance.
[0026] The system and method of the present applica-
tion provide significant advantages, including: (1) provid-
ing lead/lag damper that is configured to generate elec-
trical power from the lead/lag motions of the rotor blade;
(2) generating the electrical power in the rotating part of
the main rotor system so to alleviate electrical power re-
quirements that would otherwise need to be communi-
cated from the non-rotating part of the rotorcraft; and (3)
providing a lead/lag damper with a electromagnetic linear
motor/generator that is configured to not only generate
power, but also impart resistance for damping, as well
as impart forces (such as spring-like forces), for treating
the lead/lag motions.
[0027] The particular embodiments disclosed above
are illustrative only, as the application may be modified
and practiced in different but equivalent manners appar-
ent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intend-
ed to the details of construction or design herein shown,
other than as described in the claims below. It is therefore
evident that the particular embodiments disclosed above
may be altered or modified and all such variations are
considered within the scope of the apended claims. Ac-
cordingly, the protectior sought herein is as set forth in
the claims below. It is apparent that a system with signif-
icant advantages has been described and illustrated. Al-
though the system of the present application is shown in
a limited number of forms, it is not limited to just these
forms, but is amenable to various changes and modifi-
cations without departing from the scope of the apended
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claims.

Claims

1. A system for a rotor hub assembly, the system com-
prising:

a lead/lag damper (201; 801) having an electro-
magnetic linear motor, the electromagnetic lin-
ear motor being configured to generate electri-
cal power when subjected to a lead/lag force;
an energy storage device (705; 709; 715) elec-
trically coupled to the electromagnetic linear mo-
tor; and
a controller (717) associated with a circuitry for
selectively changing a resistance between
translating components in the electromagnetic
linear motor.

2. The system according to claim 1, wherein the circuit-
ry includes a resistor.

3. The system according to claim 1 or claim 2, wherein
the energy storage device is a battery (705), or the
energy storage device is a capacitor (709), or the
energy storage device is an inductor (715).

4. The system according to any one of claims 1 to 3,
wherein the controller (717) is configured to release
electrical energy stored by the energy storage device
(705; 709; 715) to the electromagnetic linear motor
so as to treat the lead/lag force.

5. The system according to claim 2, wherein the resistor
(703) includes a plurality of resistors and switches,
the switches being controlled by the controller (717)
to vary the damping effect upon the lead/lag force.

6. The system according to claim 2, wherein the resistor
(703) is in a duty cycle configuration, such that the
resistor is switched on/off to provide damping effect
upon the lead/lag motion of a rotor blade (105) cou-
pled to the rotor hub assembly.

7. A method of using a lead/lag damper in an aircraft,
the method comprising:generating
an electrical energy by converting a mechanical
lead/lag motion to the electrical energy with an elec-
tromagnetic linear motor in the lead/lag damper;
storing the electrical energy generated by the elec-
tromagnetic linear motor;
powering a system in a rotating portion of a rotor
assembly with the stored electrical energy.

8. The method according to claim 7, further comprising:

treating the mechanical lead/lag motion by using

the electrical energy to generate a reactive force
in the electromagnetic linear motor, and option-
ally,

(i) wherein the step of treating the mechan-
ical lead/lag motion further comprises var-
ying the reactive force as a rate of revolution
of the rotating portion varies, or
(ii) wherein the step of treating the mechan-
ical lead/lag motion further comprises var-
ying the reactive force as an ambient con-
dition varies, and optionally,

wherein the ambient condition is at least one of:
an ambient temperature; and an ambient alti-
tude.

9. The method according to claim 8, wherein the reac-
tive force is formed by selectively generating resist-
ance and inertial forces between a magnet relative
to a conductive member.

10. The method according to claim 8, wherein the reac-
tive force is changed during startup, shutdown, or
during normal flight operations of the aircraft, so as
to reduce performance losses.

Patentansprüche

1. Ein System für eine Rotornabeneinheit, wobei das
System Folgendes umfasst:

einen Antriebs-/Verzögerungsdämpfer (201;
801) mit einem elektromagnetischen Linearmo-
tor, wobei der elektromagnetische Linearmotor
so konfiguriert wird, dass er elektrischen Strom
erzeugt, wenn er einer Antriebs-/Verzögerungs-
kraft ausgesetzt wird;
und einen Energiespeicher (705; 709; 715), der
elektrisch an den elektromagnetischen Linear-
motor angeschlossen ist; und
einem Regler (717), der mit einem Stromkreis
verbunden ist, um selektiv einen Widerstand
zwischen übertragenden Bauteilen im elektro-
magnetischen Linearmotor zu ändern.

2. Das System entsprechend Anspruch 1, wobei zu
Stromkreis ein Widerstand gehört.

3. Das System entsprechend Anspruch 1 oder An-
spruch 2, wobei der Energiespeicher eine Batterie
(705) ist oder der Energiespeicher ein Kondensator
(709) ist oder der Energiespeicher ein Induktor (715)
ist.

4. Das System entsprechend einem der Ansprüche 1
bis 3, wobei der Regler (717) so konfiguriert ist, um

9 10 
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die durch den Energiespeicher (705; 709; 715) ge-
speicherte elektrische Energie zum elektromagneti-
schen Linearmotor freizugeben, um Antriebs-/Ver-
zögerungskraft zu beeinflussen.

5. Das System entsprechend Anspruch 2, wobei der
Widerstand (703) eine Reihe von Widerständen und
Schaltern umfasst, wobei die Schalter vom Regler
(717) gesteuert werden, um die Dämpfungswirkung
auf die Antriebs-/Verzögerungskraft zu variieren.

6. Das System entsprechend Anspruch 2, wobei der
Widerstand (703) eine Arbeitsphasenkonfiguration
aufweise, sodass der Widerstand ein-/ausgeschal-
tet wird, um eine Dämpfungswirkung auf die An-
triebs-/Verzögerungsbewegung eines Rotorblatts
(105), das mit der Rotornabeneinheit verbunden ist,
auszuüben.

7. Ein Verfahren zur Verwendung eines Antriebs-/Ver-
zögerungsdämpfers in einem Flugzeug, wobei das
Verfahren Folgendes umfasst:

Erzeugen einer elektrischen Energie durch Kon-
version einer mechanischen Antriebs-(Verzö-
gerungsbewegung in elektrische Energie mit ei-
nem elektromagnetischen Linearmotor im An-
triebs-/Verzögerungsdämpfer;
Speichern der durch den elektromagnetischen
Linearmotor erzeugten elektrischen Energie;
Antreiben eines Systems in einem rotierenden
Teil einer Rotoreinheit mit der gespeicherten
elektrischen Energie.

8. Das Verfahren entsprechend Anspruch 7, zu dem
weiterhin Folgendes gehört:

Beeinflussen der mechanischen Antriebs-/Ver-
zögerungsbewegung durch Verwenden der
elektrischen Energie zur Erzeugung einer Re-
aktionskraft im elektromagnetischen Linearmo-
tor, und wobei optionsweise

(i) der Schritt der Beeinflussung des mecha-
nischen Antriebs-/Verzögerungskraftbewe-
gung weiterhin das Variieren der Reaktions-
kraft umfasst, wenn die Drehzahl des rotie-
renden teils variiert; oder
(ii) der Schritt der Beeinflussung des me-
chanischen Antriebs-/Verzögerungskraft-
bewegung weiterhin das Variieren der Re-
aktionskraft umfasst, wenn die Umweltbe-
dingungen variierten; und optionsweise

wobei die Umweltbedingungen zumindest eine
der folgenden umfassen; eine Umwelttempera-
tur und eine Einsatzhöhe.

9. Das Verfahren entsprechend Anspruch 8, wobei die
Reaktionskraft durch selektives Erzeugen eines Wi-
derstands und Trägheitskräften zwischen einem Ma-
gneten relativ zum leitfähigen Element gebildet wird.

10. Das Verfahren entsprechend Anspruch 8, wobei die
Reaktionskraft während Start, Abschalten oder wäh-
rend normalem Flugbetrieb des Flugzeug geändert
wird, um Leistungsverluste zu reduzieren.

Revendications

1. Système pour un ensemble de moyeu de rotor, le
système comprenant :

un amortisseur d’avance-recul (201, 801) com-
portant un moteur linéaire électromagnétique,
le moteur linéaire électromagnétique étant con-
figuré pour générer de l’énergie électrique lors-
qu’il est soumis à une force d’avance-recul,
un dispositif de stockage d’énergie (705, 709,
715) couplé électriquement au moteur linéaire
électromagnétique, et
un contrôleur (717) associé à un circuit pour mo-
difier de façon sélective une résistance entre les
composants de translation dans le moteur li-
néaire électromagnétique.

2. Système selon la revendication 1, dans lequel le cir-
cuit comprend une résistance.

3. Système selon la revendication 1 ou la revendication
2, dans lequel le dispositif de stockage d’énergie est
une batterie (705), ou le dispositif de stockage
d’énergie est un condensateur (709), ou le dispositif
de stockage d’énergie est une bobine d’inductance
(715).

4. Système selon l’une quelconque des revendications
1 à 3, dans lequel le contrôleur (717) est configuré
pour libérer l’énergie électrique stockée par le dis-
positif de stockage d’énergie (705, 709, 715) au mo-
teur linéaire électromagnétique de façon à traiter la
force d’avance-recul.

5. Système selon la revendication 2, dans lequel la ré-
sistance (703) comprend une pluralité de résistan-
ces et d’interrupteurs, les interrupteurs étant com-
mandés par le contrôleur (717) pour faire varier l’effet
d’amortissement de la force d’avance-recul.

6. Système selon la revendication 2, dans lequel la ré-
sistance (703) est dans une configuration de cycle
d’utilisation, de telle sorte que la résistance est ac-
tivée ou arrêtée pour fournir un effet d’amortisse-
ment sur le mouvement d’avance/recul d’une pale
de rotor (105) couplée à l’ensemble de moyeu de
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rotor.

7. Procédé d’utilisation d’un amortisseur d’avance-re-
cul dans un aéronef, le procédé comprenant :

la génération d’une énergie électrique par con-
version d’un mouvement mécanique d’avance-
recul en énergie électrique avec un moteur li-
néaire électromagnétique dans l’amortisseur
d’avance-recul,
le stockage de l’énergie électrique générée par
le moteur linéaire électromagnétique,
l’alimentation d’un système dans une partie ro-
tative d’un ensemble de rotor avec l’énergie
électrique stockée.

8. Procédé selon la revendication 7, comprenant en
outre :

le traitement du mouvement mécanique d’avan-
ce-recul en utilisant l’énergie électrique pour gé-
nérer une force de réaction dans le moteur li-
néaire électromagnétique, et éventuellement,

(i) dans lequel l’étape consistant à traiter le
mouvement mécanique d’avance-recul
comprend en outre la variation du couple
de rappel lorsque vitesse de rotation de la
partie tournante varie, ou
(ii) dans lequel l’étape consistant à traiter le
mouvement mécanique d’avance-recul
comprend en outre la variation du couple
de rappel lorsqu’une condition ambiante va-
rie, et éventuellement,

dans lequel la condition ambiante est au moins
l’un de : une température ambiante ; et une al-
titude ambiante.

9. Procédé selon la revendication 8, dans lequel le cou-
ple de rappel est formé en générant de manière sé-
lective une résistance et des forces d’inertie entre
un aimant par rapport à un élément conducteur.

10. Procédé selon la revendication 8, dans lequel le cou-
ple de rappel est modifié au cours du démarrage, de
l’arrêt, ou pendant les opérations normales de vol
de l’aéronef, de manière à réduire les pertes de ren-
dement.
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