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LEAD-LAG DAMPER FOR ROTOR HUBS

In the con?guration shown in FIG. 1, arm 21 of yoke 19 is
designed to allow for lead-lag motion of blade 15 during

TECHNICAL FIELD

operation of rotor assembly 11. Rotor assembly 11 is con?g

The technical ?eld is lead-lag dampers for rotor hubs.

ured for rotation about mast axis 25 in the direction shown by
arrow 27, and the lead-lag motion is in-plane motion of the
outer tip of blade 15, as indicated by arrows 29 (lead motion)
and 31 (lag motion). Assembly 11 is a referred to as a “bear

DESCRIPTION OF PRIOR ART

ingless ?exbeam rotor hub,” in which the lead-lag motion is
centered about a virtual hinge axis 33. Virtual hinge axis 33

Operation of a multiple-blade rotor of an aircraft may lead

to dynamic modes in which the blades encounter oscillating

lies in an outboard region of arm 21 and is created by tailoring

chordwise, in-plane forces. For example, the oscillating

the construction of arm 21, such as with narrowed cross

forces may be the result of unequal drag forces on advancing
and retreating blades during forward ?ight of a helicopter. To

properties. Because hinge axis 33 is outboard of a portion of

section thickness or through use of materials with speci?ed

blade grip 17, the inboard portion of grip 17 experiences

relieve stress on rotor components, the rotor may be designed
to allow a small amount of lead-lag motion of the blades
relative to each other and to the central hub. The lead-lag

in-plane motion in the opposite direction to the motion of the
outer end of blade 15. When blade 15 rotates in the direction

shown by arrow 29 (lead), the inboard portion of grip 17

motion may be provided for using various means, including
use of discrete lead-lag hinges or use of virtual hinges in a

?exible yoke.
To control the lead-lag motion of the blades, lead-lag
dampers may be used to provide for damping of in-plane
motion of individual blades. Existing dampers may be formed
from elastomeric materials and/or hydraulic components.
However, current damper designs do not provide for the
desired damping characteristics or required exterior dimen
sions for all applications.

20

rotates about hinge axis 33 in the direction indicated by arrow
34, whereas when blade 15 rotates in the direction shown by
arrow 31 (lag), the inboard portion of grip 17 rotates in the
direction indicated by arrow 35.

To provide for damping of lead-lag motion of blade 15, at
least one ?uid-shear damper 37 is installed in an aperture 39
25

in grip 17 for providing a damping force opposing motion of
the inboard portion of grip 17 relative to a ?xed portion of
rotor assembly 11. One advantage of the embodiment shown
for damper 37 is the ability to be used in apertures 39 formed

to receive prior-art lead-lag dampers (not shown), allowing
BRIEF DESCRIPTION OF THE DRAWINGS
30

FIG. 1 is an oblique view ofa portion ofa rotor assembly

having a lead-lag damper installed therein.
FIG. 2 is a cross-sectional view of a portion of the rotor

assembly of FIG. 1 taken along the line 2-2 shown in FIG. 1.
FIG. 3 is a cross-sectional view of a portion of the rotor

35

hinge axis 33 (FIG. 1) being located outboard of the cross

assembly of FIG. 1 taken along the line 3-3 shown in FIG. 2.

section plane. The view of FIG. 3 is in the direction of rotation
of rotor assembly 11, as indicated by arrow 27 (FIG. 1). FIG.

FIG. 4 is a cross-sectional view of a portion of the rotor

assembly of FIG. 1 taken along the line 4-4 shown in FIG. 2.

4 is a cross-section of damper 37 as viewed from above the

FIG. 5 is a cross-sectional view as in FIG. 4 and shown in

operation.

damper 37 to be used in new rotor assemblies and to be
retro?tted to certain existing rotor assemblies.
Referring now to FIGS. 2 through 4, FIG. 2 is a cross
sectional view taken at the line 2-2 of FIG. 1, FIG. 3 is a
cross-sectional view taken at the line 3-3 of FIG. 2, and FIG.
4 is a cross-sectional view taken at the line 4-4 ofFIG. 2. The
view of FIG. 2 is in the outboard direction, with lead-lag

40

cross-section plane.
A damper 37 is mounted on an upper side and a lower side

FIG. 6 is a cross-sectional side view of a portion of a rotor

assembly having a lead-lag damper installed therein.

of each grip 17, and dampers 37 have similar or identical

FIG. 7 is a top view of a portion of the rotor assembly of
FIG. 1.
FIG. 8 is an enlarged cross-sectional view of a portion of

45

main housing 41, which forms a piston cylinder 43 within
housing 41 . A piston 45 is slidably carried within cylinder 43,

50

and there are preferably no seals between piston 45 and the
inner surfaces of cylinder 43. Damper 37 is a ?uid-shear
damper with a soft static spring rate in the damped direction
and is con?gured to maximize the size of piston 45 in the
space allowed, providing a large piston 45 which pumps a

con?gurations. Damper 37 comprises a generally rectangular

the rotor assembly of FIG. 1.
FIG. 9 is a cross-sectional top view of a portion of the rotor
assembly of FIG. 1 taken along the line 9-9 shown in FIG. 8.
DESCRIPTION OF THE PREFERRED
EMBODIMENT

An improved lead-lag damper is provided for use in a rotor
hub to damp in-plane motions of an attached rotor blade.
FIG. 1 shows a rotor assembly 11, which comprises mul

relatively large amount of ?uid within housing 41. Piston 45
divides cylinder 43 into two volumes 47, 49, and volumes 47,
49 are in ?uid communication through passage 51. In a con
55

tiple rotor blade assemblies 13, though only one assembly 13

inder 43 is moveable relative to piston 45 in chordwise direc
tions, as indicated by arrows 53, 55, and movement of cylin
der 43 relative to piston 45 causes ?uid within cylinder
volumes 47, 49 to ?ow between volumes 47, 49 through

is shown in the view. Each blade assembly 13 comprises a
blade 15 and a blade grip 17, which connects blade 15 to a

central yoke 19, and each blade assembly 13 is able to rotate
about a pitch axis relative to yoke 19. Yoke 19 has a plurality
of arms 21 extending radially, and each blade assembly 13 is

?guration with no seals between cylinder 43 and piston 45,
?uid may also ?ow between cylinder 43 and piston 45. Cyl

60

passage 51. In a con?guration with no seals between cylinder

43 and piston 45, ?uid may also ?ow between cylinder 43 and

attached to one of arms 21.Yoke 19 is attached to mast 23 for

piston 45.

rotation with mast 23 about mast axis 25. The following
description will describe components in relation to one por

To provide for damping of the relative motion between
piston 45 and cylinder 43, a ?uid restriction is created within
passage 51. In the embodiment shown, an adjustable ori?ce
device 57 is installed in housing 41 and allows for adjustment
of the amount of ?ow restriction by rotation of knob 59.

tion of rotor assembly 11, though it should be understood that

the description applies equally to other portions of assembly
11.

65
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Rotation of knob 59 changes the location of a conical plunger
61 in relation to a portion of passage 51 for shrinking or
enlarging an ori?ce created therebetween. Alternatively, pas
sage 51 may be con?gured to have a ?xed, non-adjustable
ori?ce for restricting ?uid ?ow between volumes 47, 49. In
addition, damper 37 may incorporate a pressure relief device,
such as a spring-biased bypass valve, to limit ?uid pressure in

mounting of dampers 37 within circular apertures 39 of grips
17, which allows for retro?tting of dampers 37 on existing
grips 17, as mentioned above. Arms 111 are formed at leading

and trailing portions of each adapter 105, curved hard stops
113 are attached between each pair of leading arms 111 and

between each pair of trailing arms 111 using fasteners 115.
Stops 113 prevent excessive lead-lag movement of grip 17
relative to yoke arm 21 by bumping against yoke arm 21 and

damper 37 during operation.
Damper 37 also comprises a cap 63 that is connected to
housing 41 with a frusto-conical, laminated elastomeric bear

transferring forces from stops 113, into adapters 105, and into

ing 65, which is sealedto both cap 63 and housing 41. Bearing

meric or rigid bumper 117 is located on each of the leading
and trailing edges of yoke arm 21 to prevent stops 113 from
directly contacting yoke arm 21. Bumpers 1 17 may be formed

grip 17. To limit or prevent wear of yoke arm 21, an elasto

65 encloses an annular ?uid volume 67 that contains addi

tional ?uid and is in ?uid communication with volumes 47, 49
through cylinder 43. Two balloon accumulators 69, 71 are
located in piston 45 for to facilitate thermal expansion of ?uid
in damper 37. Alternatively, damper 37 may include a dia

from, for example, Te?on, rubber, or other appropriate mate
rials.

FIG. 5 shows damper 37 during operation, in which grip 17

phragm or other appropriate volume compensation device

and housing 41 have been moved relative to piston 45 and in
the direction indicated by arrow 35. As noted above, the
inboard portion of grip 17 moves in the opposite direction to

instead of accumulators 69, 71 to facilitate the thermal expan

sion of ?uid in damper 37. Bearing 65 of each damper 37 also
carries beam loads transferred from blade 15 and through grip

20

17. It should be noted that bearing 65 may be formed from an

elastomer that has a high damping coe?icient, providing for
additional damping force.
Cap 63 has protrusion 73 that extends into volume 67 and
through an aperture 75 in housing 41 for engaging a slider 77
located in a slot 79 in a central portion of piston 45. A bearing
81 allows for rotational and axial movement between protru
sion 73 and slider 77. Forces exerted on piston 45 by ?uid in
volumes 47, 49 are transferred through bearing 81 into pro

25

trusion 73. Slider 77 is free to move within slot 79 to allow for

30

the outboard end of blade 15, so the movement shown corre
lates to a “lag” movement of blade 15, as indicated by arrow

31 of FIG. 1. The movement of housing 41 relative to piston
45 forces at least a portion of the ?uid within volume 47 to
pass through passage 51 and into volume 49. The ?ow restric
tion caused by ori?ce device 57 damps the relative motion

between piston 45 and housing 41, thus damping relative
motion of grip 17 and yoke arm 21. Damper 37 will also damp
“lead” movement of blade 15, in which grip 17 moves in the

opposite direction, indicated by arrow 34.
The lead-lag damper described above provides for several

radial movement of grip 17 due to centrifugal forces created

advantages, including: (1) providing for a damper mounted

when rotor assembly 11 is in operation. In the ?gures, cap 63,

outside of the interior of a blade grip, which allows for a larger
damper and a smaller aperture in the arms of the yoke; and (2)
providing a damper that can be retro?tted to existing blade

protrusion 73, and slider 77 are shown in a position during
operation, which is approximately located in the center of
available travel in slot 79. When rotor assembly 11 is at rest,
cap 63, protrusion 73, and slider 77 will be located in an
inboard position. Aperture 75 allows for ?uid in ?uid volume
67 to be in communication with cylinder 43 and piston 45, but
the ?uid in volume is unpressurized.
A cavity 83 is formed in the center of each cap 63, and

35

ofa rotor assembly 119, and FIG. 7 is a top view ofthe portion
40

85 comprises a body 87 and two pins 89 extending from
opposite sides of body 87. Link 85 extends through an aper
ture 88 in yoke arm 21 and serves to retain caps 63 and pistons
45

relative to yoke arm 21 while slider 77 allows for radial
movement. Each pin 89 is inserted within cavity 83 of one of
caps 63, and an anti-rotation element 91 of cap 63 engages a

corresponding element on pin 89 to prevent relative rotation
of cap 63 and the inserted pin 89.
Body 87 of link 85 has a central cavity 93 sized to receive
an elastomeric bearing 95 carried on a cylindrical pinion 97,
which is carried within aperture 88. Pinion 97 is located
within aperture 88 with aperture inserts 99, and inserts 99 are
fastened together with fasteners 101. Inserts 99 cooperate to
clamp onto yoke arm 21 and retain pinion 97 in a central

of assembly 119. Rotor assembly 119 comprises multiple
rotor blade assemblies 121, though portions of only one
assembly 121 are shown in the views. Each blade assembly

cavities 83 are sized to receive an end portion of link 85. Link

45 in a generally ?xed position in the lead-lag directions

gnps.
FIGS. 6 through 9 illustrate an alternative embodiment of
an improved lead-lag damper for use in a rotor hub.
FIG. 6 is a side, partially cross-sectioned view of a portion

50
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121 comprises a blade 123 and a blade grip 125, which
connects blade 123 to a central yoke 127, and each blade
assembly 121 is able to rotate about a pitch axis relative to
yoke 127. Yoke 127 has a plurality of arms 129 extending
radially, and each blade assembly 121 is attached to one of
arms 129. Yoke 127 is attached to mast 131 for rotation with
mast 131 about mast axis 133. In FIG. 6, the portion of the

?gure to the right of mast axis 133 is partially cross-sectioned
along a plane bisecting grip 125, whereas a portion of the
?gure to the left of mast axis 133 is sectioned along a parallel,
offset plane. In FIG. 7, cover 134 is shown installed on the
upper portion of rotor assembly 119, but cover 134 is shown
removed in FIG. 7 for ease of viewing components located
beneath cover 134.

position within aperture 88, allowing for rotation of link 85

The following description will describe components in

relative to yoke arm 21 about pinion 97 and bearing 95. This

relation to one portion of rotor assembly 1 19, though it should
be understood that the description applies equally to other

rotation allows forpitch changes of grip 17 and attachedblade
15 when ?ight control systems act on pitch horn 103, which is
attached to a trailing portion of grip 17.
Each damper 37 is located within aperture 39 of grip 17
using a mounting adapter 105, and each adapter 105 com

60

In the con?guration shown in the ?gures, rotor assembly
119 is designed to allow for lead-lag motion of blade 123

during operation. Rotor assembly 119 is con?gured for rota

prises a ring portion 107 and a lip portion 109. Ring portion
107 ?lls the space between the outer edges of housing 41 and
the surface of aperture 39, and lip portion 109 engages the
inner surface of grip 17 adjacent aperture 39. Adapters permit

portions of assembly 119.

tion about mast axis 133 in the direction shown by arrow 135,
65

and the lead-lag motion is in-plane motion of the outer tip of
blade 123, as indicated by arrows 137 (lag motion) and 139
(lead motion). A lead-lag axis 141 lies in an outboard region

US 8,764,396 B2
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of arm 129, and, because lead-lag axis 141 is outboard of a

183, 185 are in ?uid communication through passages 187,
189 in piston 181. Piston 181 is moveable relative to cylinder
179 in chordwise directions, as indicated by arrows 191, 193,
and movement of piston 181 relative to cylinder 179 causes
?uid within cylinder volumes 183, 185 to ?ow between vol
umes 183, 185 through at least passage 187. In a con?guration
with no seals between cylinder 179 and piston 181, ?uid may
also ?ow between cylinder 179 and piston 181.
To provide for damping of the relative motion between
piston 181 and cylinder 179, a ?uid restriction is created by
the relatively small diameter of passage 187. Two pressure
relief devices, which are incorporated as directional, spring
biased bypass valves 195, 197, are located in passage 189 to

portion of blade grip 125, the inboard portion of grip 125
experiences in-plane motion in the opposite direction to the
motion of the outer end of blade 123. When blade 123 rotates

in the direction shown by arrow 137 (lag), the inboard portion
of grip 125 rotates about lead-lag axis 141 in the direction
indicated by arrow 143, whereas whenblade 123 rotates in the

direction shown by arrow 139 (lead), the inboard portion of
grip 125 rotates in the direction indicated by arrow 145.
To provide for damping of lead-lag motion of blade 123
relative to a ?xed portion of rotor assembly 11, a lead-lag
damper assembly 147 is installed in rotor assembly 119.
Damper assembly 147 has at least one ?uid-shear damper
149, and the embodiment shown has an upper damper 149

prevent ?uid in volumes 183, 185 from ?owing through pas

installed on an upper damper support plate 150 and a lower

sage 189 at pressures below a selected pressure. However, to

damper 151 installed on a lower damper support plate 152. In

prevent overpressure of damper 149 due to rapid movement
of piston 181, ?uid may also travel through passage 189 by
overcoming the resistance of the valve 195, 197 associated
with ?ow in that direction. Though not shown in the ?gures,

the preferred embodiment of damper assembly 147, two
dampers 149, 151 are used for each blade, providing for
redundancy in the case of a failure of either damper 149, 151.

Support plates 150, 152 are bolted to yoke 127, mast 131, and
to each other with bolts 153 (one of which is sectioned by the
offset plane in FIG. 6). Each support plate 150, 152 has arms
154 extending radially relative to mast axis 133 and angling
away from yoke 127, such that their outer ends are located a
distance from yoke 127. Arms 154 each terminate in an inte

20
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gral mounting plate 155, and each plate 155 has a rectangular
aperture 157. Each mounting plate 155 and aperture 157 is
con?gured to receive and ?xedly support one of damper 149,

It should be noted that one feature of this embodiment is
that dampers 149, 151 remain at the same angle relative to
yoke 127 as blade assembly 121 rotates about the pitch axis.
This means dampers 149, 151 act only on the component of
the motion of blade assembly 121 that is in a plane normal to
mast axis 133.

151.

Referring also to FIGS. 8 and 9, FIG. 8 is an enlarged

an adjustable or non-adjustable ori?ce device may be incor

porated into either of passages 187, 189 for restricting ?uid
?ow between volumes 183, 185.

30

cross-sectional view of damper assembly 147 taken along the
same plane as the cross-section of the right side of FIG. 6, and
FIG. 9 is a partial cross-section taken along the section plane

To transfer forces and motion from force transfer member
171 to piston 181, beam 175 extends through an aperture 199
in housing 177 and engages one end of a peanut-shaped link

201. Link 201 comprises two spherical cavities 203, 205, and
each cavity houses a spherical bearing 207, 209, respectively.

1 65 are preferably laminated elastomeric bearings, and radial
bearing 163 is carried within spherical bearing 165. The com

Bearing 207 engages an end 211 of beam 175, and bearing
209 engages a post 213 protruding from a central, interior
portion of piston 181. Each bearing 207, 209 is free to rotate
within the associated cavity 203, 205, allowing beam 175 to
move relative to piston 181 while remaining connected to
piston 181. As centrifugal forces build due to rotation of rotor
assembly 119, the freedom of movement in the linkage
between beam 175 and piston 181 allows for transfer member
171 to move radially outward without causing binding in the

bination of bearings 163, 165 allows for limited longitudinal

linkage.

9-9 of FIG. 8.

Dampers 149, 151 provide a damping force opposing
motion of the inboard portion of grip 125, which is connected

35

to dampers 149, 151 through shaft 159. Shaft 159 extends
inwardly from the inboard end of grip 125 and engages bear
ing assembly 161, which comprises a radial bearing 163, a

spherical bearing 165, and a bearing cup 167. Bearings 163,

motion of shaft 159 relative to bearing cup 167 and for limited
rotation about bearing focus 169 of shaft 159 relative to cup
167. Bearing cup 167 is installed within a force transfer
member 171, which moves with the inner end of grip 125 as
motion and forces are transferred from shaft 159, through

40

45

meric shear bearing 219. Bearing 219 preferably has an oval
or rectangular horizontal cross-section and encloses an annu

lar ?uid volume 221 that contains additional ?uid and is in

bearing assembly 161, and into member 171. Bearing cup is
installed within a central body 173 of member 171. In the

50

embodiment having upper damper 149 and lower damper
151, two beams 175 protrude in opposite directions from
body 173, each beam 175 extending into one of dampers 149,

member 171 to move in the lead-lag directions relative to
55

of dampers 149, 151, and the following description of damper
149 applies equally to damper 151 except where noted.
Damper 149 comprises a generally cylindrical main hous
ing 177, which forms a piston cylinder 179 within housing
177. A piston 181 is slidably carried within cylinder 179, and

?uid communication with piston 181 and volumes 183, 185
through aperture 199. The ?uid in each ?uid volume 221 is
unpressurized during operation, so that beams 175 move

through unpressurized ?uid. Bearing 219 allows for transfer

151.

Each damper 149, 151 is constructed similarly to the other

An outer surface 215 of housing 177 is sealed to an outer
surface 217 transfer member 171 with a laminated elasto

60

dampers 149, 151 and allow for the radial displacement due to
centrifugal forces. Bearings 219 also carry beam loads trans
ferred from blade 123 and through grip 125. Though not
shown in the ?gures, damper 149 may include a balloon
accumulator, diaphragm, or other accumulator device to
facilitate thermal expansion of ?uid in damper 149. It should
be noted that bearing 219 may be formed from an elastomer

there are preferably no seals between piston 181 and the inner

that has a high damping coe?icient, providing for additional

surfaces of cylinder 179. Damper 149 is a ?uid-shear damper
with a soft static spring rate in the damped direction and is
con?gured to maximize the size of piston 181 in the space
allowed, providing a large piston 181 which pumps a rela
tively large amount of ?uid within housing 177. Piston 181
divides cylinder 179 into two volumes 183, 185, and volumes

damping force.
Each damper 149, 151 has an auxiliary ?uid chamber 223,
225, respectively. Chambers 223, 225 are each located above
65

the associated damper 149, 151 and provide for storage of
additional ?uid, visual inspection of the ?uid level, and access
for adding ?uid. Fluid chamber 223 is formed in an upper

US 8,764,396 B2
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portion of housing 177 of upper damper 149. Chamber 223
has a translucent sight glass 227 to allow for visual inspection

a link adapted to connect the piston to the other of the

of the ?uid surface level 229 of the ?uid of damper 149.

inboard portion of the blade assembly and the ?xed
portion of the rotor assembly, the link engaging a central

Chamber 223 also has a ?lling port 231 that allows access to
chamber 223 for adding ?uid. Chamber 223 is in ?uid com

wherein ?uid carried within the chambers is acted on by the

portion of the piston;

munication with cylinder 179 of damper 149 through ?uid

piston during relative motion between the piston and the
body, the piston causing ?uid to ?ow between the cham

passage 233, and ?uid is able to move from chamber 223 into

damper 149 by force of gravity. This ensures that damper 149
is always supplied with additional ?uid in the event of a leak
in damper 149. Likewise, ?uid is able to move through pas
sage 233 from damper 149 into chamber 223, such as may
occur due to thermal expansion of the ?uid.
Fluid chamber 225 is formed in an interior portion of
central body 173 of member 171. Like chamber 223, chamber
225 has a translucent sight glass 235 to allow for viewing of
?uid level 237 and a ?lling port 239 that provides access to
chamber 225 for adding ?uid. Chamber 225 is in ?uid com

munication with damper 151 through ?uid passage 241, and
?uid is able to move from chamber 225 into damper 151 by

gravity. This ensures that damper 151 is always supplied with

20

portion of the blade assembly, and the body is adapted to

additional ?uid in the event of a leak in damper 151. Likewise,
?uid is able to move through passage 241 from damper 151

be mounted to the ?xed portion of the rotor assembly.

4. The damper according to claim 1, further comprising:

into chamber 225, such as may occur due to thermal expan

sion of the ?uid.

During operation, the inboard portion of grip 125 moves in

a pressure relief device for relieving excess pressure in the
25

an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers.

6. The damper according to claim 1, further comprising:

motion of pistons 181 of dampers 149. 151. The movement of
30

other of volumes, 183, 185. The ?ow restriction caused by the

7. The damper according to claim 1, further comprising:
35

150, 152 and yoke arm 129.

The lead-lag damper described above provides for several
advantages, including the ability to replace an existing
While this invention has been described with reference to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various modi?cations and
combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description.
The invention claimed is:

40

yoke, the damper comprising:
a body adapted to be mounted to an inboard portion of a
blade assembly at a location inboard of a lead-lag axis,
45

of the blade assembly and relative to a yoke;

to allow for relative motion between the body and the

piston only in a chordwise direction, the piston being
50

yoke, the yoke attached to a mast for being driven in rotation
a body adapted to be mounted to one of an inboard portion
of a blade assembly and a ?xed portion of the rotor
55

de?ne opposing chambers within the body, the cham
bers being in ?uid communication through a ?uid pas
sage extending through a thickness of the body;
an adjustable ?ow-restriction device con?gured to adjust

ably restrict ?uid passing through the ?uid passage; and

rotatable about the lead-lag axis relative to a yoke;

a link adapted to connect the piston to the yoke, the link

a piston slidably engaged within the body and con?gured
to allow for relative motion between the body and the
60

engaging a central portion of the piston and allowing for
movement of the body relative to the piston;
wherein ?uid carried within the chambers is acted on by the

piston during relative motion between the piston and the
body, the piston causing ?uid to ?ow between the cham

between an inner surface of the body and an outer sur

face of the piston and con?gured to de?ne opposing
chambers within the body, the chambers being in ?uid
communication through a ?uid passage extending
through a thickness of the body;
an adjustable ?ow-restriction device con?gured to adjust
ably restrict ?uid passing through the ?uid passage; and

con?gured to form a seal between an inner surface of the

body and an outer surface of the piston and con?gured to

by the mast, the damper comprising:

piston, the piston being con?gured to form a seal

the body adapted for movement with the inboard portion

a piston slidably engaged within the body and con?gured

1. A damper for damping chordwise lead-lag motion about

assembly, the body being located inboard of a lead-lag
axis, the inboard portion of the blade assembly being

a lead-lag axis of a blade of a rotor assembly, the rotor assem

bly comprising a yoke and blade assemblies carried by the

a lead-lag axis of a blade of a rotor assembly, the rotor assem

bly comprising a yoke and blade assemblies carried by the

an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein the shear bearing is formed from an elastomer

having a high coe?icient of damping.
8. A damper for damping chordwise lead-lag motion about

damper in a rotor with a ?uid damper by changing only the

damper support plates.

an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein ?uid in the additional ?uid chamber is unpressur

ized during operation.

narrow diameter of passage 187 damps the relative motion

between each piston 181 and the associated housing 177, thus
damping relative motion of grip 125 and damper support arms

damper.
5. The damper according to claim 1, further comprising:

a direction opposite to the lead or lag motion of the outboard
end of blade 123. Shaft 159 causes lateral movement of trans
fer member 171, and beams 175 causes a corresponding
pistons 181 forces at least a portion of the ?uid within one of
volumes 183, 185 to pass through passage 187 and into the

bers through the ?uid passage; and
wherein ?uid ?ow through the ?uid passage acts to damp
relative motion between the body and the piston and
damp relative lead-lag motion between the inboard por
tion of the blade assembly and the ?xed portion of the
rotor assembly.
2. The damper according to claim 1, wherein:
the body is adapted to be mounted to the inboard portion of
the blade assembly, and the link is adapted to connect the
piston to the ?xed portion of the rotor assembly.
3. The damper according to claim 1, wherein:
the link is adapted to connect the piston to the inboard

65

bers through the ?uid passage; and
wherein ?uid ?ow through the ?uid passage acts to damp
relative motion between the body and the piston and
damp relative lead-lag motion between the inboard por
tion and the yoke.

US 8,764,396 B2
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9. The damper according to claim 8, further comprising:
a pressure relief device for relieving excess pressure in the

damper.
10. The damper according to claim 8, further comprising:
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers.

5

a link adapted to connect the piston to the inboard portion
of the blade assembly, the link engaging a central portion

11. The damper according to claim 8, further comprising:
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein ?uid in the additional ?uid chamber is unpres sur

of the piston;
wherein ?uid carried within the chambers is acted on by the

piston during relative motion between the piston and the
body, the piston causing ?uid to ?ow between the cham

ized during operation.
12. The damper according to claim 8, further comprising:
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein the shear bearing is formed from an elastomer

15

having a high coe?icient of damping.
13. The damper according to claim 8, further comprising:
a slot formed in the piston and extending radially;
wherein the link engages the piston through the slot, the
slot allowing for radial movement relative to the ?xed

20

on the blade assembly.

25

the yoke, the damper comprising:
a body adapted to be mounted to a ?xed portion of the rotor

assembly, the body being located inboard of a lead-lag
axis, the inboard portion of the blade assembly being
to allow for relative motion between the body and the
piston, the piston being con?gured to form a seal
between an inner surface of the body and an outer sur

face of the piston and con?gured to de?ne opposing

damper.
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers.

about a lead-lag axis of a blade of a rotor assembly, the rotor

a piston slidably engaged within the body and con?gured

a pressure relief device for relieving excess pressure in the

16. The damper according to claim 14, further comprising:

14. A damper for damping chordwise lead-lag motion

rotatable about the lead-lag axis relative to a yoke;

bers through the ?uid passage; and
wherein ?uid ?ow through the ?uid passage acts to damp
relative motion between the body and the piston and
damp relative lead-lag motion between the inboard por
tion of the blade assembly and the ?xed portion of the
rotor assembly.

15. The damper according to claim 14, further comprising:

portion of the blade assembly due to centrifugal forces

assembly comprising a yoke and blade assemblies carried by

chambers within the body, the chambers being in ?uid
communication through a ?uid passage extending
through a thickness of the body;
an adjustable ?ow-restriction device con?gured to adjust
ably restrict ?uid passing through the ?uid passage; and

17. The damper according to claim 14, further comprising:
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein ?uid in the additional ?uid chamber is unpressur

ized during operation.
30

18. The damper according to claim 14, further comprising:
an elastomeric shear bearing forming an additional ?uid
chamber in ?uid communication with the chambers;
wherein the shear bearing is formed from an elastomer

having a high coe?icient of damping.
*
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