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Description

BACKGROUND

[0001] The present disclosure relates to a rotor system,
and more particularly to a lead stop which facilitates us-
age of a fluid-elastomeric lead/lag damper.
[0002] Hydraulic main rotor lead/lag dampers are uti-
lized on many rotary wing aircraft. A single hydraulic
lead/lag damper is mounted between each rotor blade
and the rotor hub to minimize ground resonance by dis-
sipating energy in the lead/lag direction. The hydraulic
lead/lag damper has internal hard stops.
[0003] Of particular concern is rotor braking when the
hydraulic lead/lag damper operates in conjunction with
elastomeric blade retention bearings. As the rotor brake
is applied, the rotor blade leads unrestricted until the hy-
draulic lead/lag damper bottoms out so that the blade
centrifugal force and hydraulic lead/lag damper load re-
act the rotor braking torque. The hydraulic lead/lag damp-
er will only react the torque when fully extended. That is,
the hydraulic lead/lag damper is bottomed out and es-
sentially becomes a tension link.
[0004] As rotor speed and centrifugal force drop in re-
sponse to rotor brake engagement, the rotor blade is
pulled inboard into the rotor hub arm which results in
inboard-directed tension loads. To react the inboard-di-
rected tension loads, a lead stop assembly provides a
contact surface between an inboard face of a droop stop
bearing and a lead stop mounted to the hinge bearing
plate of the rotor hub. Contact between an inboard face
of the droop stop bearing and the lead stop only occurs
when the hydraulic lead/lag damper is fully extended at
a known, fixed position of about 10 degrees lead. This is
the only position in which the hydraulic lead/lag damper
is bottomed and can generate the detrimental inboard-
directed tension loads. If the rotor braking torque is re-
duced for any reason and the rotor blade does not lead
forward 10 degrees, then the hydraulic lead/lag damper
will not bottom, does not operate as a tension link and
will not generate the detrimental inboard-directed tension
loads. This arrangement has been highly successful but
is inapplicable to a fluid-elastomeric lead/lag damper
which has a spring rate K which generates a load at every
rotor blade lead/lag position.
[0005] US 3 759 631 A dislcoses a compound bearing
for connecting a helicopter blade to a helicopter rotor,
such as connecting the blade end-shaft to the rotor con-
nected lead-lag damper so as to accommodate a large
degree of blade pitch change motion and part misalign-
ment due to other blade motions, which bearing is main-
tained within a minimum space envelope. The compound
bearing includes a slip-type journal bearing enveloping
the blade end-shaft and a spherical, laminated elasto-
meric bearing enveloping the journal bearing and con-
nected to the rotor connected part, such as the lead-lag
damper.

SUMMARY

[0006] A rotor system according to an exemplary as-
pect of the present disclosure includes a rotor hub arm;
a spindle; an elastomeric bearing array which supports
said spindle relative to said rotor hub arm; a lead/lag
damper mounted to said rotor hub arm and said spindle;
a lead stop mounted to said spindle; and a lead stop plate
mounted to said rotor hub arm. Said lead stop is operable
to contact said lead stop plate over a lead angle range
of said spindle relative said rotor hub arm. Each of said
lead stop and said lead stop plate define a respective
spherical contact surface.
[0007] A method of braking a rotor system according
to an exemplary aspect of the present disclosure includes
applying a rotor brake and contacting a lead stop with a
lead stop plate at a lead angle within a lead angle range
to limit a tension experienced by an elastomeric bearing
array.
[0008] The spherical contact surface may define a fo-
cal point which corresponds with said elastomeric bear-
ing array.
[0009] The spherical contact surface may define a fo-
cal point which corresponds with a spherical bearing of
said elastomeric bearing array.
[0010] The lead/lag damper is a fluid-elastomeric
lead/lag damper.
[0011] The lead angle range may be between 0 (zero)
and 10 degrees.
[0012] Each of said lead stop and said lead stop plate
may define a respective contact surface such that there
are two contact surfaces, and wherein said two contact
surfaces are placed a predetermined radial distance from
an axis of the spindle so that these two surfaces will pro-
vide an overlapping contact surface as the spindle leads
from a predetermined lead angle of said lead angle range
to a maximum lead angle of said lead angle range, while
being placed far enough away from the axis that the spin-
dle will not contact the contact surface of the lead stop
plate as the spindle leads through the entire lead angle
range.
[0013] The predetermined lead angle may be zero or
other than zero.
[0014] Each of said lead stop and said lead stop plate
may define a respective contact surface.
[0015] Each of the contact surfaces may be defined so
that contact area between the two contact surfaces in-
creases with increasing lead angle of the spindle.
[0016] Each of the contact surfaces may be defined so
that contact area between the two contact surfaces re-
mains approximately constant with increasing lead angle
of the spindle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various features will become apparent to those
skilled in the art from the following detailed description
of certain non-limiting embodiments. The drawings that
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accompany the detailed description can be briefly de-
scribed as follows:

Figure 1 is a perspective view of a rotor system;
Figure 2 is a side view, partially in cross section of
a rotor system which schematically illustrates one of
the hub arms and a root end connection for a rotor
blade;
Figure 3 is a schematic view of a rotor blade and
fluid-elastomeric lead/lag damper during rotor start-
ing, illustrating the applicable forces;
Figure 4 is a schematic view of a rotor blade and
fluid-elastomeric lead/lag damper during rotor brak-
ing, illustrating the applicable forces;
Figure 5 is chart illustrating theoretical blade lead
motion during rotor braking with a RELATED ART
hydraulic lead/lag damper;
Figure 6 is a top view which schematically illustrates
one of the hub arms and a rotor blade in-plane
lead/lag range;
Figure 7 is chart illustrating theoretical blade lead
motion during rotor braking with a fluid-elastomeric
lead/lag damper;
Figure 8 is an expanded perspective view of a rotor
system hub arm with a lead stop assembly according
to the present disclosure;
Figure 9A is an expanded perspective view of a lead
stop according to the present disclosure;
Figure 9B is an expanded perspective view of the
lead stop mounted to a rotor blade spindle;
Figure 10A is an expanded perspective view of a
lead stop plate according to the present disclosure;
Figure 10B is an expanded perspective view of the
lead stop plate mounted to a rotor blade hub arm;
Figures 11A and 11B illustrate lead stop assembly
engagement at 0 deg lead and 0 deg pitch, with the
rotor blade resting on the droop stop;
Figures 12A and 12B illustrate lead stop assembly
engagement at 10 deg lead and 0 deg pitch, with the
rotor blade resting on the droop stop; and
Figures 13A and 13B illustrate lead stop assembly
engagement at 0 deg lead and Maximum positive
pitch, with the rotor blade resting on the droop stop.

DETAILED DESCRIPTION

[0018] Figure 1 schematically illustrates a main rotor
system 20. The main rotor system 20 includes a multiple
of rotor blades 22 mounted to a rotor hub 24. Although
a particular helicopter rotor system configuration is illus-
trated and described in the disclosed embodiment, other
configurations and/or machines, such as high speed
compound rotary-wing aircraft with supplemental trans-
lational thrust systems, dual contra-rotating, coaxial rotor
system aircraft, turbo-props, tilt-rotors and tilt-wing air-
craft, will also benefit herefrom.
[0019] The rotor hub 24 includes a plurality of hub arms
24A, one of which is shown in the cross-section of Figure

2. The rotor hub 24 is mounted to a main rotor shaft 26
which is driven about an axis of rotation A. A respective
rotor blade 22 is mounted to each hub arm 24A for full
articulation in pitch, droop, flap, lead and lag. A lead/lag
damper 28 such as a fluid-elastomeric lead/lag damper
is mounted between each rotor blade 22 and each hub
arm 24A. It should be understood that other arrange-
ments of the lead/lag damper 28 may alternatively benefit
from this disclosure.
[0020] The primary mount for each rotor blade 22 is an
elastomeric bearing array 30 which may include a spher-
ical bearing 32 and thrust bearing 34 (Figure 2). Blade
22 is attached to a radial inner end of thrust bearing 34
through a cuff attachment 36 which may be bolted to the
blade root through bifurcated arms 38. The inner end of
the cuff attachment 36 forms a spindle 40, which passes
through the elastomeric bearing array 30 and is attached
thereto with a threaded retainer 42 (Figure 2). A control
horn 23, by which pitch change inputs are made to the
rotor blade 22, extends from the spindle 40.
[0021] Referring to Figure 2, an inner race 34i of the
thrust bearing 34 may be mounted to the spindle 40 by
a spline connection 46. An outer race 34o of the thrust
bearing 34 is connected to an inner race 32i of the spher-
ical bearing 32. An outer race 32o of the spherical bearing
32 is bolted to the external end face of the hub arm 24A.
[0022] A journal bearing 52 may be positioned between
the inner race 44 and the spindle 40 to accommodate
shear loading. With the blade thus attached to the elas-
tomeric bearing array 30, the centrifugal force created
by rotor blade rotation will impose compressive loading
on the bearings 32, 34. These bearings may be manu-
factured of a laminated elastomeric construction which
react high compressive loads and allow limited motion in
shear.
[0023] The bearings 32, 34 share operational blade
motions as the rotor blade changes in pitch by rotation
about a blade feathering axis F. During flight, each blade
will make excursions as a function of the instant load on
the particular blade, which is related to, for example, the
aircraft maneuver, aircraft gross weight, air density, etc.
The focal point 54 for blade articulation lies on axis F and
at the center of the spherical bearing 32. Under a full
operative compressive load, this focal point 54 may shift
outward a slight amount as the elastomeric laminates of
both bearings 32, 34 are compressed.
[0024] Mechanical stops such as a droop stop 60 and
a flap stop 70 limit droop and flap angles to predetermined
maximums, in both flight and static conditions. Similarly,
while designed to operate at a specific angular relation-
ship with regard to the blade feathering axis F each blade
will also make in-plane excursions such that the blade
may occasionally lag behind or lead ahead of operational
position by as much as ten degrees under certain con-
ditions; namely when starting and when braking.
[0025] Referring to Figures 3 and 4, the angles of max-
imum lead or lag are schematically illustrated for the
counterclockwise rotation of the rotor head about axis of
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rotation A. Such in-plane blade motion is moderated by
the lead/lag damper 28, such as a fluid-elastomeric
lead/lag damper, which is oriented to stroke along a
damper axis D in a direction generally parallel to blade
feathering axis F. An inner end of the damper 28 is con-
nected by a spherical rod end bearing 74 to the hub arm
24A at a flange 76 which extends therefrom. An outer
end of the damper 28 is connected with a spherical rod
end bearing 78 adjacent the root end of the rotor blade
22. It should be understood that other arrangements of
the lead/lag damper 28 may alternatively benefit from
this disclosure.
[0026] The fluid-elastomeric lead/lag damper 28 elim-
inates external dynamic seals which are a significant con-
tributor to maintenance of a hydraulic lead/lag damper.
Fluid-elastomeric lead/lag dampers, however, have a
spring rate K whereas hydraulic lead/lag dampers do not.
The spring rate K generates a load in response to rotor
blade lead/lag position which, unlike a hydraulic lead/lag
damper that only reacts rotor braking torque when bot-
tomed, the fluid-elastomeric lead/lag damper will react
rotor braking torque throughout any extension from a
neutral position. This results in the lead position of the
rotor blade being variable when the rotor brake is applied
due to, for example, the magnitude of rotor braking
torque, %Nr and stiffness of the fluid-elastomeric lead/lag
damper which also varies in response to manufacturing,
age, temperature, etc. Unlike hydraulic lead/lag dampers
which only generate an inboard pulling force when bot-
tomed, the fluid-elastomeric lead/lag damper will gener-
ate an inboard pulling force throughout any extension.
[0027] Referring to Figure 3, the action of rotor starting
is schematically illustrated where rotation is counter-
clockwise. With the rotor blade 22 at rest, acceleration
of the rotor hub produces an inertia force F1 in each rotor
blade which acts at the blade center of gravity (Cg) about
the focal point 54 of the spherical bearing 32, which caus-
es the rotor blade to lag behind an otherwise operational
position. As the lag angle increases, the lead/lag damper
28 collapses. The fluid-elastomeric lead/lag damper
spring rate K generates a load in response to rotor blade
position. As the lead/lag damper 28 collapses, an inward
force as expressed by vector R1 is imposed on the
lead/lag damper 28 and the hub attachment 74. An equal
and oppositely directed reaction load is imposed out-
wardly along blade axis F, which load is depicted by vec-
tor (C). Such outwardly directed load introduces a com-
pressive force on the elastomeric bearing array 30 which
force is additive to the compressive load generated on
the elastomeric bearing array 30 due to the centrifugal
force developed by rotor blade rotation. The elastomeric
bearing array 30 is inherently able to sustain such com-
bined compressive loadings.
[0028] Referring to Figure 4, the action of rotor braking
is schematically illustrated where rotation is counter-
clockwise. Application of a rotor brake B (Figure 2) to the
main rotor system 20, as the rotor blade 22 continues to
rotate under its own inertia, produces an inertia force F2

in each blade acting at the blade center of gravity Cg
about the focal point 54 of the spherical bearing 32. The
blade lead angle increases as the lead/lag damper 28
extends. The fluid-elastomeric lead/lag damper spring
rate K generates a load in response to rotor blade posi-
tion. As the lead/lag damper 28 extends, an outward force
as expressed by vector R2 is imposed on the lead/lag
damper 28 and the hub attachment 74. Likewise, an
equal and oppositely directed reaction load is imposed
inwardly along blade axis F, which load is depicted by
vector (T). To bring the main rotor system 20 to a stop in
a short time, as may be desired in the case of a shipboard
landing, the rotor brake B will be applied shortly after
power is removed from the rotor system, such as when
rotation speed has decayed to about 60-75%. With the
rapid decay of the centrifugally generated force, and the
presence of the oppositely directed reactive load (T),
there will come a time or times when the summation of
the two is a resultant inward directed force. If allowed to
reach the elastomeric bearing array 30, this inward di-
rected force could place the elastomeric bearing array
30 in tension, which may effect a rupture of the elasto-
meric bearing array 30.
[0029] Referring to Figure 5, theoretical blade motion
during rotor shutdown and braking with a related art hy-
draulic lead/lag damper is schematically illustrated. It
should be understood, that Figure 5 is not to scale with
respect to Time Steps in real-time. For example, the time
between step 1 and 2 during rotor shutdown may be long-
er than the time spent during rotor braking during steps
2 through 4. Lead angle is measured with respect to a
plane coming straight out of the hub arms (Figure 6).
[0030] During steps 0-1, the main rotor system is at
100 % Rotor Speed (dashed) and 0 degrees lead (solid)
due to centrifugal force (CF) which acts on the rotor blade.
During steps 1-2, the main rotor system is being shut-
down. At step 2, the rotor brake is engaged (dotted) at
40% Rotor Speed and the negative torque on the main
rotor shaft causes the rotor blade to lead. The related art
hydraulic lead/lag damper allows the rotor blade to lead,
but bottoms out at full lead at step 3. The bottoming out
of the hydraulic lead/lag damper essentially forms a ten-
sion link, and continued braking causes the spindle to be
pulled inboard into the rotor hub arm and place the elas-
tomeric bearing array into tension. A lead stop for the
related art hydraulic lead/lag damper stops the inboard
motion of the spindle 40, but need only engage a full 10
degrees of lead with respect to the rotor hub arm. At step
4, the rotor system is stopped and the rotor brake disen-
gaged.
[0031] Referring to Figure 7, utilization of the fluid-elas-
tomeric lead/lag damper 28 introduces stiffness charac-
teristics which will cause restriction of blade motion in
the lead direction as the main rotor system 20 is braked.
During rotor braking, it is unlikely the fluid-elastomeric
lead/lag damper 28 will bottom out in the lead direction,
but due to the spring rate K of the fluid-elastomeric
lead/lag damper 28, the fluid-elastomeric lead/lag damp-
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er 28 will attempt to return to an unstressed neutral design
length. That is, the fluid-elastomeric lead/lag damper 28
has a neutral design length to which the fluid-elastomeric
lead/lag damper 28 will always attempt to return. This is
different than a hydraulic lead/lag damper which does
not have a neutral design length. The distance from neu-
tral design length is represented by stiffness or, as de-
fined herein, spring rate K. The fluid-elastomeric lead/lag
damper 28 may also have stiffness tolerances which
change spring rate K due to, for example, manufacture
variations, age, and temperatures. Such stiffness toler-
ance variance imparts uncertainty in the prediction of
steady lead angles during rotor braking.
[0032] When incorporated into main rotor system 20
with the elastomeric bearing array 30 and a rotor brake
B (Figure 2), the fluid-elastomeric lead/lag damper 28
requires a lead stop assembly 80 (Figure 8) which will
prevent the elastomeric bearing array 30 from being
placed in tension over a wide range of blade lead/lag
angles rather than at a single full lead position, as is the
case with the related art hydraulic lead/lag damper.
[0033] Referring to Figure 7, theoretical blade motion
during rotor shutdown and braking with the fluid-elasto-
meric lead/lag damper 28 is schematically illustrated. It
should be understood, that Figure 7 is not to scale with
respect to Time Steps in real-time. For example, the time
between step 1 and 2 during rotor shutdown may be long-
er than the time spent during rotor braking during steps
2 through 4. Lead angle is measured with respect to a
plane coming straight out of the hub arms (Figure 6).
[0034] Displayed on the chart again are % Rotor Speed
(dashed) and Rotor Brake Engagement (dotted). To
show how blade lead angles can vary, the chart of Figure
7 considers two of the many variables which impart un-
certainty when predicting lead angles. It should be un-
derstood that other factors which may increase or de-
crease lead angle which were not taken into account may
include, but not be limited to: rotor speed at which rotor
brake is engaged (generally engaged at 40%); Pitch an-
gle of the rotor blade; wind loads; etc.
[0035] Four cases are illustrated in Figure 7: full rotor
braking torque with minimum (a) and maximum (b) stiff-
ness based on, for example, manufacture variability and
age stiffening tolerances, and dropped rotor braking
torque (25%, percent, less) with minimum (c) and maxi-
mum stiffness (d). It may be necessary to include reduced
torque, because from the initiation of rotor brake engage-
ment, the torque drops off over time due to heat and other
considerations. As illustrated, there may be a significant
variance in calculated lead angles between these four
cases.
[0036] Referring to Figure 8, a lead stop assembly 80
according to an exemplary embodiment of the invention
includes a lead stop 82 (Figure 9A) attached to the spin-
dle 40 (Figure 9B) and a lead stop plate 84 (Figure 10A)
attached to a hinge bearing plate 86 (Figure 10B) of each
hub arm 24A. The lead stop 82 may be bolted to the
spindle 40 and the lead stop plate 84 may be bolted to

the hinge bearing plate 86 at pre-existing threaded fas-
tener apertures. The lead stop 82 is attached to the spin-
dle 40 adjacent the flap stop 70 (Figure 9B) but does not
interfere with operation thereof. The lead stop 82 is at-
tached to the spindle 40 adjacent the droop stop 60 (Fig-
ure 10B) but does not interfere with operation thereof.
[0037] The lead stop 82 and the lead stop plate 84
include a respective corresponding spherical contact sur-
faces 82A, 84A (Figures 9A and 10A, respectively) cen-
tered about the elastomeric bearing focal point 54 at the
center of the elastomeric bearing array 30, typically the
focal point 54 of the spherical bearing 32 contained within
the rotor hub arm 24A. The lead stop spherical contact
surface 82A may be a concave semi spherical surface
while the lead stop plate spherical contact surface 84A
may be a convex semi-spherical surface.
[0038] The spherical contact surface 82A provided by
the lead stop 82 and the spherical contact surface 84A
provided by the lead stop plate 84 are located at a pre-
determined radial distance from the rotor blade feather-
ing axis F which allows sphere-to-sphere contact for a
wide lead range (i.e., 0, zero, degrees to 10, ten, degrees
lead angle) without impediment to motion of the spindle
40 throughout the full flight envelope. More specifically
in an exemplary embodiment, the two spherical contact
surfaces 82A, 84A are placed a predetermined, large ra-
dial distance from the axis (e.g., F) of the spindle so that
these surfaces will provide an overlapping spherical con-
tact surface as the spindle leads from 0 (zero) degrees
to 10 degrees (e.g., the full lead range), while being far
enough away from the axis (e.g., F) that the spindle will
not contact the stationary spherical contact surface 84A
as the spindle leads. Only a small contact area between
contact surfaces 82A, 84A is typically provided, and in
an exemplary embodiment, it is not intentional that the
contact area increases with increasing lead angle. How-
ever, the potential tensile load on the elastomeric bearing
(or pressure on the lead stop contact surface) does in-
crease with increasing lead angle, so that a design where
contact area increases with increasing lead angle can be
beneficial in certain applications in order to counteract
the potential tensile load. It is further noted that contact
between the lead stop 82 and the lead stop plate 84 typ-
ically reduces the reaction load (depicted by vector T in
Figure 4) to near zero or to zero. In an exemplary em-
bodiment, the contours of the contact surfaces 82A and
84A are designed to allow contact over a certain range
of lead angles (e.g., zero to 10 degrees, as in the exam-
ples above, although this range is merely exemplary),
while allowing relatively free movement of the spindle
over this range. Thus, the lead stop assembly 80 thereby
enables the utilization of the fluid-elastomeric lead/lag
damper 28 by reducing tension (typically to a very small
value near zero) on the blade retention elastomeric bear-
ings during certain lead angles.
[0039] Examples of the sphere to sphere contact be-
tween the lead stop 82 and the lead stop plate 84 for a
wide lead range are illustrated in Figures 11-13. Figures
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11A and 11B illustrates lead stop assembly 80 engage-
ment at 0 (zero) deg lead and 0 (zero) deg pitch, with the
rotor blade resting on the droop stop. Figures 12A and
12B illustrates lead stop assembly 80 engagement at 10
deg lead and 0 (zero) deg pitch, with the rotor blade rest-
ing on the droop stop 60. Figures 13A and 13B illustrate
lead stop assembly 80 engagement at 0 (zero) deg lead
and maximum positive pitch, with the rotor blade resting
on the droop stop 60. The lead stop assembly 80 also
provides for spherical contact even were the droop stop
to hang up in the dynamic position. It is noted that contact
surfaces 82A, 84A are spherical with the center of the
sphere at the center of the spherical blade retention bear-
ing 54 so as to insure a uniform clearance between the
spherical contact surfaces for any lead angle. Any other
contour may likely cause interference, binding, or clear-
ance variations as the blade leads. It is further noted that
the lead stop 82 and the lead stop plate 84 (and their
corresponding contact surfaces 82A, 84A, respectively)
may be designed to start contacting at other than zero
degrees lead angle. For instance, they could contact at
one degree lead angle.
[0040] It should be understood that relative positional
terms such as "forward," "aft," "upper," "lower," "above,"
"below," and the like are with reference to the normal
operational attitude of the vehicle and should not be con-
sidered otherwise limiting.
[0041] It should be understood that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be un-
derstood that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.
[0042] Although particular step sequences are shown,
described, and claimed, it should be understood that
steps may be performed in any order, separated or com-
bined unless otherwise indicated and will still benefit from
the present invention.

Claims

1. A rotor system (20) comprising:

a rotor hub arm (24A);
a spindle (40); an elastomeric bearing array (30)
which supports said spindle (40) relative to said
rotor hub arm (24A);
a lead/lag damper (28) mounted to said rotor
hub arm (24A) and said spindle (40);
a lead stop (82) mounted to said spindle (40);
and
a lead stop plate (84) mounted to said rotor hub
arm (24A),
characterized in that said lead stop (82) is op-
erable to contact said lead stop plate (84) over
a lead angle range of said spindle (40) relative
said rotor hub arm (24A), and each of said lead

stop (82) and said lead stop plate (84) define a
respective spherical contact surface (82A, 84A).

2. The rotor system (20) as recited in claim 1, wherein
said spherical contact surface (82A, 84A) defines a
focal point (54) which corresponds with said elasto-
meric bearing array (30).

3. The rotor system (20) as recited in claim 1 or 2,
wherein said spherical contact surface (82A, 84A)
defines a focal point (54) which corresponds with a
spherical bearing of said elastomeric bearing array
(30).

4. The rotor system (20) as recited in any of claims 1
to 3, wherein said lead/lag damper (28) is a fluid-
elastomeric lead/lag damper (28).

5. The rotor system (20) as recited in any of claims 1
to 4, wherein said lead angle range is between 0
(zero) and 10 degrees.

6. The rotor system (20) as recited in any of claims 1
to 5, wherein each of said lead stop (82) and said
lead stop plate (84) define a respective contact sur-
face (82A, 84A) such that there are two contact sur-
faces (82A, 84A), and wherein said two contact sur-
faces (82A, 84A) are placed a predetermined radial
distance from an axis of the spindle (40) so that these
two surfaces (82A, 84A) will provide an overlapping
contact surface as the spindle (40) leads from a pre-
determined lead angle of said lead angle range to a
maximum lead angle of said lead angle range, while
being placed far enough away from the axis that the
spindle (40) will not contact the contact surface of
the lead stop plate (84) as the spindle (40) leads
through the entire lead angle range.

7. The rotor system (20) as recited in claim 6, wherein
the predetermined lead angle is zero.

8. The rotor system (20) as recited in claim 6, wherein
the predetermined lead angle is other than zero.

9. The rotor system (20) as recited in any of claims 1
to 8, wherein each of said lead stop (82) and said
lead stop plate (84) define a respective contact sur-
face (82A, 84A).

10. The rotor system (20) as recited in claim 9, wherein
each of the contact surfaces (82A, 84A) is defined
so that contact area between the two contact surfac-
es (82A, 84A) increases with increasing lead angle
of the spindle (40).

11. The rotor system (20) as recited in claim 9, wherein
each of the contact surfaces (82A, 84A) is defined
so that contact area between the two contact surfac-
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es (82A, 84A) remains approximately constant with
increasing lead angle of the spindle (40).

Patentansprüche

1. Rotorsystem (20), umfassend:

einen Rotornabenarm (24A);
eine Spindel (40); eine elastomere Lageranord-
nung (30), die die Spindel (40) relativ zu dem
Rotornabenarm (24A) abstützt;
einen Lead-/Lag-Dämpfer (28), der an dem Ro-
tornabenarm (24A) und der Spindel (40) mon-
tiert ist;
einen Lead-Anschlag (82), der an der Spindel
(40) montiert ist; und
eine Lead-Anschlagplatte (84), die an dem Ro-
tornabenarm (24A) montiert ist,
dadurch gekennzeichnet, dass der Lead-An-
schlag (82) dazu betreibbar ist, die Lead-An-
schlagplatte (84) über einem Lead-Winkelbe-
reich der Spindel (40) relativ zu dem Rotorna-
benarm (24A) zu kontaktieren, und wobei der
Lead-Anschlag (82) und die Lead-Anschlagplat-
te (84) eine jeweilige sphärische Kontaktfläche
(82A, 84A) definieren.

2. Rotorsystem (20) nach Anspruch 1, wobei die sphä-
rische Kontaktfläche (82A, 84A) einen Fokalpunkt
(54) definiert, der der elastomeren Lageranordnung
(30) entspricht.

3. Rotorsystem (20) nach Anspruch 1 oder 2, wobei die
sphärische Kontaktfläche (82A, 84A) einen Fokal-
punkt (54) definiert, der einem sphärischen Lager
der elastomeren Lageranordnung (30) entspricht.

4. Rotorsystem (20) nach einem der Ansprüche 1 bis
3, wobei der Lead-/Lag-Dämpfer (28) ein fluidelas-
tomerer Lead-/Lag-Dämpfer (28) ist.

5. Rotorsystem (20) nach einem der Ansprüche 1 bis
4, wobei der Lead-Winkelbereich zwischen 0 (Null)
und 10 Grad liegt.

6. Rotorsystem (20) nach einem der Ansprüche 1 bis
5, wobei jedes von dem Lead-Anschlag (82) und der
Lead-Anschlagplatte (84) eine jeweilige Kontaktflä-
che (82A, 84A) definieren, sodass es zwei Kontakt-
flächen (82A, 84A) gibt, und wobei die beiden Kon-
taktflächen (82A, 84A) in einem vorbestimmten ra-
dialen Abstand von einer Achse der Spindel (40)
platziert sind, sodass diese beiden Flächen (82A,
84A) eine überlappende Kontaktfläche bereitstellen,
wenn die Spindel (40) von einem vorbestimmten
Lead-Winkel des Lead-Winkelbereichs zu einem
maximalen Lead-Windle des Lead-Winkelbereichs

führt, während sie weit genug von der Achse entfernt
platziert sind, dass die Spindel (40) die Kontaktfläche
der Lead-Anschlagplatte (84) nicht kontaktiert, wenn
die Spindel (40) durch den gesamten Lead-Winkel-
bereich führt.

7. Rotorsystem (20) nach Anspruch 6, wobei der vor-
bestimmte Lead-Winkel Null ist.

8. Rotorsystem (20) nach Anspruch 6, wobei der vor-
bestimmte Lead-Winkel von Null verschieden ist.

9. Rotorsystem (20) nach einem der Ansprüche 1 bis
8, wobei jedes von dem Lead-Anschlag (82) und der
Lead-Anschlagplatte (84) eine jeweilige Kontaktflä-
che (82A, 84A) definieren.

10. Rotorsystem (20) nach Anspruch 9, wobei jede der
Kontaktflächen (82A, 84A) derart definiert ist, dass
der Kontaktbereich zwischen den beiden Kontaktflä-
chen (82A, 84A) größer wird, wenn der Lead-Winkel
der Spindel (40) größer wird.

11. Rotorsystem (20) nach Anspruch 9, wobei jede der
Kontaktflächen (82A, 84A) derart definiert ist, dass
der Kontaktbereich zwischen den beiden Kontaktflä-
chen (82A, 84A) etwa konstant bleibt, wenn der
Lead-Winkel der Spindel (40) größer wird.

Revendications

1. Système de rotor (20) comprenant :

un bras de moyeu de rotor (24A) ;
une broche (40) ; un ensemble de palier en élas-
tomère (30) qui supporte ladite broche (40) par
rapport audit bras de moyeu de rotor (24A) ;
un amortisseur d’avance et de retard (28) monté
sur ledit bras de moyeu de rotor (24A) et ladite
broche (40) ;
une butée d’avance (82) montée sur ladite bro-
che (40) ; et
une plaque de butée d’avance (84) montée sur
ledit bras de moyeu de rotor (24A),
caractérisé en ce que ladite butée d’avance
(82) est actionnable pour entrer en contact avec
ladite plaque de butée d’avance (84) sur une
plage d’angle d’avance de ladite broche (40) par
rapport audit bras de moyeu de rotor (24A), et
chacune de ladite butée d’avance (82) et ladite
plaque de butée d’avance (84) définit une sur-
face de contact sphérique respective (82A,
84A).

2. Système de rotor (20) selon la revendication 1, dans
lequel ladite surface de contact sphérique (82A, 84A)
définit un point focal (54) qui correspond audit en-
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semble de palier en élastomère (30).

3. Système de rotor (20) selon la revendication 1 ou 2,
dans lequel ladite surface de contact sphérique
(82A, 84A) définit un point focal (54) qui correspond
à un palier sphérique dudit ensemble de palier en
élastomère (30).

4. Système de rotor (20) selon l’une quelconque des
revendications 1 à 3, dans lequel ledit amortisseur
d’avance et de retard (28) est un amortisseur d’avan-
ce et de retard fluide élastomère (28).

5. Système de rotor (20) selon l’une quelconque des
revendications 1 à 4, dans lequel ladite plage d’angle
d’avance est entre 0 (zéro) et 10 degrés.

6. Système de rotor (20) selon l’une quelconque des
revendications 1 à 5, dans lequel chacune de ladite
butée d’avance (82) et ladite plaque de butée d’avan-
ce (84) définit une surface de contact respective
(82A, 84A) de sorte qu’il y ait deux surfaces de con-
tact (82A, 84A), et dans lequel lesdites deux surfaces
de contact (82A, 84A) sont placées à une distance
radiale prédéterminée d’un axe de la broche (40) de
sorte que ces deux surfaces (82A, 84A) fournissent
une surface de contact de recouvrement lorsque la
broche (40) mène d’un angle d’avance prédéterminé
de ladite plage d’angle d’avance à un angle d’avance
maximum de ladite plage d’angle d’avance tout en
étant placée assez loin de l’axe de sorte que la bro-
che (40) ne touche pas la surface de contact de la
plaque de butée d’avance (84) lorsque la broche (40)
mène au travers de la plage d’angle d’avance entiè-
re.

7. Système de rotor (20) selon la revendication 6, dans
lequel l’ange d’avance prédéterminé est de zéro.

8. Système de rotor (20) selon la revendication 6, dans
lequel l’angle d’avance prédéterminé est différent de
zéro.

9. Système de rotor (20) selon l’une quelconque des
revendications 1 à 8, dans lequel chacune de ladite
butée d’avance (82) et ladite plaque de butée d’avan-
ce (84) définit une surface de contact respective
(82A, 84A).

10. Système de rotor (20) selon la revendication 9, dans
lequel chacune des surfaces de contact (82A, 84A)
est définie de sorte que la zone de contact entre les
deux surfaces de contact (82A, 84A) augmente avec
l’angle d’avance croissant de la broche (40).

11. Système de rotor (20) selon la revendication 9, dans
lequel chacune des surfaces de contact (82A, 84A)
est définie de sorte que la zone de contact entre les

deux surfaces de contact (82A, 84A) reste approxi-
mativement constante avec l’angle d’avance crois-
sant de la broche (40).
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