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(57) Abrege/Abstract:
n

A dual series damper Iincludes a fluid damper portion and a elastomeric damper portion. The fluid damper portion includes a first
housing, a first connection member, and a piston coupled to the first connection member. The piston divides an interior of the first
housing into a first fluid chamber and a second fluid chamber. The piston has a fluid passage In the piston, the fluid passage being
configured to provide fluid communication between the first fluid chamber and the second fluid chamber. The elastomeric damper
portion includes a second housing, a second connection member coupled to the second housing, and an elastomer between the
first housing and the second housing. When a lead/lag force Is introduced to the dual series damper, the fluid damper portion
behaves rigidly so that the elastomeric damper portion dampens the lead/lag oscillation.
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FIG. §

(57) Abstract: A dual series damper includes a tluid damper portion and a elastomeric damper portion. The tfluid damper portion in -
cludes a first housing, a first connection member, and a piston coupled to the first connection member. The piston divides an mnterior
of the first housing mto a first fluid chamber and a second tluid chamber. The piston has a fluid passage m the piston, the tluid pas -
sage being configured to provide fluid communication between the first fluid chamber and the second tluid chamber. The elastomer -
ic damper portion includes a second housing, a second connection member coupled to the second housing, and an elastomer between
the first housing and the second housing. When a lead/lag force 1s introduced to the dual series damper, the fluid damper portion be -
haves rigidly so that the elastomeric damper portion dampens the lead/lag oscillation.
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DUAL SERIES DAMPER SYSTEM

Technical Field

The system of the present application relates to a damper for an aircraft. In

particular, the system of the present application relates to a lead/lag damper for a

rotorcraft.

Description of the Prior Art

Certain rotorcraft have multi-bladed rotor hub configurations that require lead/lag
dampers to compensate for the acceleration and deceleration of each rotor blade about
a rotor blade hinge axis. 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
oscillating forces severely limit the life of structural components through fatigue.
Furthermore, untreated lead/lag oscillating forces have even been known to cause
catastrophic results in a “ground resonance” phenomenon In which the oscillation

frequency is similar to the resonant frequency of the aircraft on its landing gear.

Conventionally, lead/lag dampers are used to treat lead/lag oscillatory forces.

However, considerably shortcomings in conventional lead/lag dampers remain.

sSummary

In one aspect, there Is provid'ed a dual series damper for a rotorcraft, the dual
series damper comprising: a fluid damper portion comprising: a first housing; a first
connection member; a piston coupled to the first connection member, the piston dividing
an interior of the first housing into a first fluid chamber and a second fluid chamber; a
fluid passage in the piston, the fluid passage being configured to provide fluid

communication between the first fluid chamber and the second fluid chamber: an
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elastomeric damper portion comprising: a second housing; a second connection
member coupled to the second housing; an elastomer between the first housing and the
second housing; wherein the elastomeric damper portion moves independently of the

fluid damper portion.

In another aspect, there is provided a dual series damper for a rotorcraft, the dual
series damper comprising: a fluid damper portion comprising: a first housing having a
cylinder portion and a central portion; a first connection member; a piston coupled to the
first connection member, the piston dividing an interior of the cylinder portion of the first
housing into a first fluid chamber and a second fluid chamber;, a fluid passage
configured to provide fluid communication between the first fluild chamber and the
second fluid chamber; an elastomeric damper portion comprising: a second housing; a
second connection member coupled to the second housing; an elastomer between the
central portion of the first housing and the second housing; wherein the elastomeric
damper portion is configured to a dampen an oscillatory motion, while the fluid damper
portion is configured to eliminate a steady force, the elastomeric damper portion moving

independently of the fluid damper portion.

In a further aspect, there is provided a rotor hub for an aircraft, the rotor hub
comprising: a rotor yoke; a plurality of blade grips coupled to the rotor yoke; a rotor
blade coupled to each blade grip; a dual series damper coupled between each blade
grip and the rotor yoke, the dual series damper comprising: a fluid damper portion
comprising: a first housing; a first connection member; a piston coupled to the first
connection member, the piston dividing an interior of the first housing into a first fluid
chamber and a second fluid chamber; a fluid passage in the piston, the fluid passage
being configured to provide fluid communication between the first fluid chamber and the
second fluid chamber; an elastomeric damper portion comprising: a second housing; a
second connection member coupled to the second housing; an elastomer between first
housing and the second housing; wherein the elastomeric damper portion moves

independently of the fluid damper portion.
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Brief Description of the Drawings

The novel features believed characteristic of the system of the present
application are set forth in the appended claims. However, the system itself, as well as
a preferred mode of use, and further objectives and advantages thereof, will best be
understood by reference to the following detailed description when read in conjunction
with the accompanying drawings, in which the leftmost significant digit(s) in the
reference numerals denote(s) the first figure in which the respective reference numerals

appear, wherein:

Figure 1 is a top schematic view of a rotor hub according the preferred

embodiment of the present application;

Figure 2 is a top schematic view of the rotor hub according the preferred

embodiment of the present application;

Figures 3A and 3B are top schematic views of the rotor hub according the

preferred embodiment of the present application;

Figures 4A and 4B are top schematic views of the rotor hub according the

preferred embodiment of the present application;

Figure 5 Is a partially removed perspective view of a dual series damper,

according to the preferred embodiment of the present application;

Figure 6 is a cross-sectional view of the dual series damper, take along section
lines VI-VI in Figure 5, according to the preferred embodiment of the present

application;

Figure 7 is a cross-sectional view of the dual series damper, according to the

preferred embodiment of the present application;
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Figure 8 is a cross-sectional view of the dual series damper, according to the

preferred embodiment of the present application;

Figure 9 Is a cross-sectional view of the dual series damper, according to the

preferred embodiment of the present application;

Figure 10 is a cross-sectional view of the dual series damper, according to the

preferred embodiment of the present application;

Figure 11 is a cross-sectional view of a dual series damper, according to an

alternative embodiment of the present application; and

Figure 12 is a cross-sectional view of a dual series damper, according to an

alternative embodiment of the present application.

While the system of the present application s susceptible to various
modifications and alternative forms, specific embodiments 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
iIntended to limit the method to the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and alternatives falling within the

scope of the application as defined by the appended claims.
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Description of the Preferred Embodiment

lllustrative embodiments of the system of the present application are described
below. In the interest of clarity, not all features of an actual implementation 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 developer'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 between
various components and to the spatial orientation of various aspects of components as
the devices are depicted in the attached drawings. However, as will be recognized by
those skilled in the art after a complete reading of the present application, the devices,
members, apparatuses, efc. 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 components 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.

Referring to Figure 1, a rotor hub 101 for a rotorcraft includes a plurality of rotor
blades 103 coupled to a central yoke 109, via a rotor grip 107. Yoke 109 is coupled to a
rotor mast 105 such that rotation of rotor mast 105, in a direction 113, causes the yoke
109 and rotor blades 103 to rotate about the rotor mast axis of rotation. The pitch of
each rotor blade 103 Is selectively controlied in order to selectively control direction,
thrust, and Ilift of the rotorcraft. Each rotor blade 103 is preferably hinged about a hinge

axis 111. Hinge axis 111 can be the result of a discreet hinge, or alternatively from a
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virtual hinge. A dual series damper 501 is coupled between each rotor blade 103 and
the rotor yoke 109. Dual series damper 501 is configured to dampen lead/lag
oscillations during operation of the rotorcraft, as further described herein. It should be
appreciated that the even though rotor hub 101 is illustrated with four rotor blades 103,

the system of the present application is equally applicable to rotor hubs having an

alternative number of rotor blades 103.

Referring now to Figure 2, rotor hub 101 is further illustrated. For clarity, only a
single rotor blade 103 is shown; however, it should be appreciated that the discussion
regarding the rotor blade 103 is equally applicable to other rotor blades 103 that are not
shown for clarity. During operation of the rotorcraft, rotor hub 101 is subjected to a
variety of aerodynamic forces, as well as mechanical dynamic forces. Rotor hub 101
rotates around the rotor mast axis at approximately 300-350 revolutions per minute

(RPM). However, it should appreciated that the rate of rotation of rotor hub 101 is

“Implementation specific; accordingly, the system of the present invention contemplates

rotor hubs that rotate at other RPM’s as well.

A centrifugal force 119 acts upon rotor blade 103 when rotor blade 103 is rotating
around the rotor mast axis. Further, an aerodynamic drag force 117 imparts a
restraining force upon the rotor blade 103. The centrifugal force 119 and aerodynamic
drag force 117 create moments that act upon rotor blade 103. When the moments from
the centrifugal force 119 and aerodynamic drag force 117 are balanced, then the rotor
blade 103 is an equilibrium position, such as equilibrium position 115. However, when
the centrifugal force 119 and aerodynamic drag force 117 change during operation of
the rotorcraft, then a relatively steady force acts on rotor blade 103 until the relatively

steady force repositions rotor blade 103 into a new equilibrium position.

Referring to Figure 3A, rotor blade 103 is shown in a forward position 115" in
which the position of rotor blade 103 has deviated forwardly from equilibrium position
115. Referring also to Figure 3B, rotor blade 103 is shown in an aft position 115" in

which the position of rotor blade 103 has deviated aft of equilibrium position 115. These
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deviations can be the result of a relatively steady force resuliting from a change in the
aerodynamic drag or centrifugal force. For example, an increase or decrease In
aerodynamic drag can be the result of a change in the pitch angle of the rotor blade
103, thereby causing a steady force to reposition rotor blade 103 to forward position
115’ or aft position 115”. An increase in pitch angle of rotor blade 103 increases profile
drag on the rotor blade 103, whereas a decrease in pitch angle of rotor blade 103

decreases profile drag on the rotor blade 103.

Deviations from equilibrium position 115 can be the result of a high frequency
oscillatory force acting upon rotor blade 103, such as a lead/lag force. Referring to
Figures 4A and 4B, the deviation of rotor blade 103 into a forward position 115a or an
aft position 115b, can be the result of a lead/lag force that imparts a high frequency
oscillatory force facilitating the temporary positioning of rotor blade 103 in forward
position 115a or aft position 115b. When airflow resulting from a translation of the
rotorcraft, or a wind gust, aligns with a directional position of rotor blade 103, then the
temporary decrease in drag acts to accelerate the rotor blade 103 during that rotational
phase of the rotor blade 103, resulting in the temporary forward position 115a. |In
contrast, when the translation airflow direction opposes the directional position of rotor
blade 103, then the temporary increase in drag acts to decelerate the rotor blade 103
during that rotation phase of the rotor blade 103, resulting in the temporary aft position
115b. These lead/lag forces act to accelerate and decelerate each rotor blade 103
within a single revolution about the rotor mast 105. As such, these lead/lag forces are

high frequency oscillatory forces.

Referring now to Figures 5-10, a dual series damper 501, according to the
preferred embodiment is illustrated. Dual series damper 501 includes a fluid damper
portion 503 and an elastomeric damper portion 505. Fluid damper portion 503 includes
a first connection member 511 coupled to a piston 517. The piston 517 acts to divide a
cylinder portion of the housing into a first fluid chamber 523 and a second fluid chamber

525, which are in fluid communication via one or more fluid passages 519a and 519b.
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A fluid 521 is located within first fluid chamber 523 and second fluid chamber 525. Fluid
521 Is preferably a hydraulic fluid, but fluid 521 can be a variety of fluid types. Seals
527 and 529, act to prevent fluid 521 from leaking out of the first fluid chamber 523 and
second fluid chamber 525. Further, seals 527 and 529 are preferably sliding seals that
allow a shaft portion of piston 517 to slide relative to a cylinder portion of first housing
507 while preventing the leakage of fluid 521. A seal 531 creates a sliding seal to keep

fluid communication between first fluid chamber 523 and second fluid chamber 525

“through fluid passages 519a and 519b.

Dual series damper 501 also Includes an elastomeric damper portion 505.
Elastomeric damper portion 505 includes a second connection member 513 coupled to
a second housing 509. An elastomer portion 515 is coupled to an interior of second
housing 509 and to an exterior of a central portion of first housing 507. In one
embodiment, elastomer portion 515 is adhesively bonded to the interior of second
housing 509 and the exterior of the central portion of first housing 507. It should be
appreciated that elastomer portion 515 may have a wide variety of configurations to
tailor stiffness and damping properties. For example, one or more openings may be
located In and around elastomer portion 515. Furthermore, elastomer portion 515 may
be a solid elastomer member or a laminate of elastomer layers. Further, the laminate of
elastomeric layers can include cylindrically shaped shims bonded therebetween.
Further, the requisite length and thickness of elastomer portion 515 is implementation
specific and depends in part on the predicted rotor hub and blade loads. The geometry

and composition of elastomer portion 515 may be configured to provide linear or non-

linear strain properties.

One of the first connection member 511 and the second connection member 513
Is coupled to the rotor yoke 109, while the other of the first connection member 511 and
the second connection member 513 is coupled to the rotor grip 107 of rotor blade 103.
It should be appreciated that the dual series damper 501 may be associated with the

rotor hub 101 in a variety of configurations. Furthermore, dual series damper 501 may
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alternatively be coupled between adjacent rotor blades 103, instead of being coupled
between the rotor blade 103 and rotor yoke 109. In the preferred embodiment, first and
second connection members 511 and 513 are rod ends having an integral spherical
bearing; however, it should be appreciated that first and second connection members

511 and 513 may be of any configuration capable of providing a structural connection
between rotor blade 103 and rotor yoke 109.

The fluid damper portion 503 of dual series damper 501 is configured to be rigid
when subjected to a high frequency oscillatory force, such as a lead/lag force. The
lead/lag oscillatory forces act to generate an oscillatory lead/lag motion of rotor
blade103 at a lead/lag frequency mode. The elastomer damper portion 505 is to treat
both the oscillatory lead/lag motion and the lead/lag frequency mode. The fluid damper
portion 503 is configured to be rigid at frequencies of the lead/lag frequency mode and
higher, thereby obligating the elastomer damper portion 505 to endure, thus treat
oscillatory lead/lag motion and the lead/lag frequency mode. The fluid damper portion
503 accomplishes a rigid reaction to the oscillatory lead/lag motion through the sizing of
first housing 507, piston 517, and fluid passages 519a and 519b. For example, when
dual series damper 501 is subjected to an oscillatory lead/lag motion, the fluid portion
503 essentially hydrolocks so that the oscillatory lead/lag forces are rigidly transferred
between first connection member 511 and first housing 507. The fluid passages 519a
and 519b are sized relatively small so that little or no fluid 521 is able to travel through
fluid passages 519a and 519b when piston 517 is subjected to a lead/lag oscillatory
force. However, when dual series damper 501 is subjected to a steady force, piston
517 translates relative to first housing 507 with the gradual flow of fluid 521 between

first fluid chamber 523 and second fluid chamber 525 through fluid passages 519a and
519b.

When dual series damper 501 is subjected to an oscillatory lead/lag motion,
thereby producing a rigid reaction from the fluid damper portion 503, the elastomeric

damper portion 505 is configured to treat the oscillatory lead/lag motion and the lead/lag
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frequency mode. More specifically, the spring function of the elastomeric portion 505 is
configured to treat the lead/lag mode frequency of the rotor blade 103. For example,

the spring function of the elastomeric portion 505 can transform a 1 per revolution

lead/lag frequency to a frequency range between 0.4 and 0.75 per revolution. It should

be appreciated that the spring constant of the elastomeric portion 505 can be

- specifically configured to transform the lead/lag frequency into a variety' of selected

frequencies. Furthermore, the dampening function of the elastomeric portion 505 is
configured to dampen the oscillatory lead/lag motion of the rotor blade 103 at the
lead/lag mode frequency and higher. Elastomeric portion 505 achieves damping of the

lead/lag mode frequencies via shearing deformation of elastomer 515.

Referring now to Figure 6, a length L1 corresponds with a length of dual series
damper 501 while rotor blade 103 is in equilibrium position 115. Equilibrium position
115 represents the position of rotor blade 103 in a normal or average position based up
predicted flight regimes. As shown In Figure 6, the fluid damper portion 503 and the
elastomeric damper portion 505 are each in a central position. More specifically, piston
517 is located centrally in the cylinder portion of first housing 507, while elastomer 515
IS In an undeformed state between the central portion of first housing 507 and second

housing 509.

Referring now to Figure 7, a length L2 and positioning of fluid damper portion 503
are indicative of dual series damper 501 of being compressed from equilibrium position
115 to aft position 115" as the result of being subjected to a steady force. The steady
force acts to translate piston 517 until the fluid pressures in first fluid chamber 523 and
second fluid chamber 525 are equalized. The steady force acts on dual series damper
501 to reposition rotor blade 103 from equilibrium potion 115 to aft position 115" so that
aft position 115" becomes the new stabilized blade position. Thus, at the aft position
1157, the rotor blade 103 is in a new stabilized blade position such that the steady force

IS Zero.
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Referring now to Figure 8, a length L3 and positioning of fluid damper portion 503
are indicative of dual series damper 501 of being stretched from equilibrium position
115 to forward position 115’ as the result of being subjected to a steady force. The
steady force acts to translate piston 517 until the fluid pressures in first fluid chamber
523 and second fluid chamber 525 are equalized. The steady force acts on dual series

damper 501 to reposition rotor blade 103 from equilibrium position 115 to forward

position 115" so that forward position 115" becomes the new stabilized blade position.

Thus, at the forward position 115°, the rotor blade 103 is in a new stabilized blade

position such that the steady force is zero.

As shown In Figures 7 and 8, a steady force is fully eliminated by the fluid
damper portion 503 of the dual series damper 501. One significant advantage of this
feature is that without fluid damper portion 503, the elastomer damper portion 505
would have to endure the steady force. One shortcoming of elastomer material is that it
IS susceptible to creep, in which a steady force causes continual deflection over time,
even when the steady force doesn’'t change. Furthermore, the magnitude of creep on
each elastomer damper may typically be different for each damper on a particular rotor
hub. As such, the creep differential on each elastomer damper could cause each rotor
blade to be located in different position, thus causing an out-of-position vibration
iInducing scenario. As such, dual series damper 501 is configured to prevent creep of
elastomer 515 by preventing the elastomer damper portion 505 from being subjected to
steady forces. Furthermore, dual series damper 501 is configured to passively adjust
the length L1 in order to compensate for changes in equilibrium position 115 due to
steady forces induced by a change in a flight regime of the rotorcraft. For example, a
variable rpm rotorcraft can be configured such that the rotor hub 101 can rotate around
the rotor hub 101 at different RPM’s. Each rotor hub RPM will typically correspond with
a slightly different equilibrium position 115 of the rotor blades 103. Therefore, dual
series damper 501 is particularly well suited for variable rpom rotorcraft because the fluid
damper portion 503 eliminates the steady forces by changing the damper length, such

as damper length L1. Furthermore, this prevents creep induced misalignment of the
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rotor blades, due to the absence of the steady force, while also preserving elastomer

damper portion 505 for treatment of the oscillatory lead/lag motion and the lead/lag

frequency mode.

Referring to Figure 9, a length L4 and positioning' of elastomeric damper portion

005 are indicative of dual series damper 501 being stretched from equilibrium position

- 115 to forward position 115a as the result of being subjected to a lead/lag oscillatory

motion. The lead/lag oscillatory motion acts to translate the central portion of first
housing 507 relative to second housing 509, thereby deforming elastomer 515 so as to

treat the lead/lag oscillatory motion and the lead/lag frequency mode.

Referring to Figure 10, a length L5 and positioning of elastomeric damper portion
505 are indicative of dual series damper 501 being compressed from equilibrium
position 115 to aft position 115b as the result of being subjected to a lead/lag oscillatory
motion. The lead/lag oscillatory motion acts to translate the central portion of first
housing 507 relative to second housing 509, thereby deforming elastomer 515 so as to

treat the lead/lag oscillatory motion and the lead/lag frequency mode.

Referring now to Figure 11, an alternative embodiment of a dual series damper
1101 is illustrated. Dual series damper 1101 is similar to dual series damper 501
except that sliding seals 527 and 529 are replaced with elastomeric membranes 1127
and 1129, respectively. It should also be appreciated that seal 531 may also be
replaced with an elastomeric membrane similar to membranes 1127 and 1129
Membranes 1127 and 1129 are bonded to first housing 507 and piston 511. Deflection
of membranes 1127 and 1129 allow piston 511 to translate relative to first housing 507
while preventing undesired leakage of fluid 521. In some implementations of dual
series damper 501 and 1101, dual series damper 1101 may be preferred because

elastomer membranes may provide better reliability than sliding seals.

Referring now to Figure 12, an alternative embodiment of a dual series damper

1201 1s lllustrated. Dual series damper 1201 is similar to dual series damper 501
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except that sliding seal 531 on piston 517 is not used. Rather, a gap 1203 between a
circumferential surface of piston 517 and an interior surface of first housing 507
replaces the fluid passages 519a and 519b of dual series damper 501. As such, gap

1203 functions similar to fluid passages 519a and 519b of dual series damper 501.

The system of the present application provides significant advantages, including:
(1) providing a dual series damper that prevents creep of an elastomer, thus increasing
rotor blade position uniformity; and (2) providing a dual series damper that passively

changes length when subjected to a steady force.

The particular embodiments disclosed above are lllustrative only, as the
application may be modified and practiced in different but equivalent manners apparent
to those skilled in the art having the benefit of the teachings herein. Furthermore, no
limitations are intended 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 application. Accordingly, the protection sought herein is as set
forth in the claims below. It is apparent that a system with significant advantages has
been described and illustrated. Although 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 modifications.
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Claims

1. A dual series damper for a rotorcraft, the dual series damper comprising:
a fluid damper portion comprising:

a first housing;

a first connection member:

a piston coupled to the first connection member, the piston dividing
an interior of the first housing into a first fluid chamber and a second fluid
chamber;

a fluid passage in the piston, the fluid passage being configured to
provide fluid communication between the first fluid chamber and the
second fluid chamber;
an elastomeric damper portion comprising:

a second housing;

a second connection member coupled to the second housing;

an elastomer between the first housing and the second housing;
wherein the elastomeric damper portion moves independently of the fluid

damper portion.

2. The dual series damper according to claim 1, wherein the fluid damper portion is
configured to behave rigidly when the dual series damper Is subjected to a lead/lag

oscillatory force.

3. The dual series damper according to claim 1 or 2, wherein the elastomeric
damper portion is configured to dampen an oscillatory lead/lag motion and also provide

a spring force that adjusts a lead/lag mode frequency to a desired value.

4. The dual series damper according to claim 1 or 2, wherein the elastomeric
damper portion is configured to dampen a lead/lag oscillatory motion and provide spring

force to adjust a lead/lag mode frequency, through deflection of the elastomer.
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S, The dual series damper according to claim 1 or 2, wherein the fluid damper

portion is configured to behave rigidly when the dual series damper is subjected to a

force occurring at a lead/lag mode frequency.

0. The dual series damper according to claim 3 or 4, wherein the fluid damper
portion Is configured to behave rigidly when the dual series damper is subjected to a

force occurring at the lead/lag mode frequency.

7. The dual series damper according to any one of claims 1 to 6, wherein the fluid
damper portion is configured such that the fluid passage allows a fluid to travel between

the first fluid chamber and the second fluid chamber when the dual series damper is

subjected to a steady force.

8. The dual series damper according to any one of claims 1 to 7, wherein the dual

series damper is configured for attachment between a rotor blade and a rotor yoke.

9. The dual series damper according to any one of claims 1 to 7, wherein the dual

series damper is configured for attachment between adjacent rotor blades.

10. A dual series damper for a rotorcraft, the dual series damper comprising:
a fluid damper portion comprising:

a first housing having a cylinder portion and a central portion;

a first connection member;

a piston coupled to the first connection member, the piston dividing
an interior of the cylinder portion of the first housing into a first fluid
chamber and a second fluid chamber:

a fluid passage configured to provide fluid communication between
the first fluid chamber and the second fluid chamber:

an elastomeric damper portion comprising:

a second housing;
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a second connection member coupled to the second housing;
an elastomer between the central portion of the first housing and
the second housing;
wherein the elastomeric damper portion is configured to a dampen an oscillatory
motion, while the fluid damper portion is configured to eliminate a steady force, the

elastomeric damper portion moving independently of the fluid damper portion.

11.  The dual series damper according to claim 10, wherein the oscillatory motion

occurs at a lead/lag mode frequency and higher.

12.  The dual series damper according to claim 10 or 11, wherein the elastomer of the

elastomeric damper portion has a stiffness sufficient to treat the oscillatory motion.

13.  The dual series damper according to any one of claims 10 to 12, the fluid damper
portion further comprising: '

a sliding seal between the piston and the cylinder portion of the first housing.

14.  The dual series damper according to any one of claims 10 to 12, the fluid damper

portion further comprising:

an elastomer seal between the piston and the cylinder portion of the first housing.

15.  The dual series damper according to any one of claims 10 to 14, wherein the
fluid damper portion is configured to passively change the length of the dual series

damper when subjected to the steady force.

16.  The dual series damper according to any one of claims 10 to 14, wherein the
fluid damper portion is configured to passively change the length of the dual series
damper when subjected to the steady force through a translation of the piston relative to

the cylinder portion of the first housing.
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17.  Arotor hub for an aircraft, the rotor hub comprising:
a rotor yoke;
a plurality of blade grips coupled to the rotor yoke;
a rotor blade coupled to each blade grip;
a dual series damper coupled between each blade grip and the rotor yoke, the
dual series damper comprising:
a fluid damper portion comprising:

a first housing;

a first connection member:

a piston coupled to the first connection member, the piston dividing
an interior of the first housing into a first fluid chamber and a second fluid
chamber:

a fluid passage in the piston, the fluid passage being configured to
provide fluid communication between the first fluid chamber and the
second fluid chamber;
an elastomeric damper portion comprising:

a second housing;

a second connection member coupled to the second housing;

an elastomer between first housing and the second housing;
wherein the elastomeric damper portion moves independently of the fluid

damper portion.

18.  The rotor hub according to claim 17, wherein the fluid damper portion of the dual
series damper Is configured to behave rigidly when the dual series damper is subjected

to a lead/lag oscillatory force at a lead/lag frequency mode and higher.

19.  The rotor hub according to claim 17, wherein the fluid damper portion behaves
rigidly when a lead/lag oscillatory force is introduced to the dual series damper, so that

the elastomeric damper portion treats the lead/lag oscillatory force.
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20.  The rotor hub according to any one of claims 17 to 19, wherein the elastomeric
damper portion of the dual series damper is configured to dampen a lead/lag oscillation

and provide a spring force to a lead/lag frequency mode.

21.  The rotor hub according to any one of claims 17 to 20, whérein the fluid damper
portion of the dual series damper is configured such that the fluid passage allows a fluid
to travel between the first fluid chamber and the second fluid chamber when the dual

series damper is subjected to a steady force.
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