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A method and system to isolate vibrations , including a first 
pair of fluid chambers disposed to isolate first vibrations 
between a first body and a second body , wherein the first 
vibrations are parallel to a first axis , wherein the first body 
is a propeller hub , a rotor hub , a pylon attachment , or an 
engine , and wherein the second body is a propeller shaft , a 
rotor mast , or a body attachment ; a second pair of fluid 
chambers disposed to isolate second vibrations between the 
first and second bodies , wherein the second vibrations are 
parallel to a second axis perpendicular to the first axis ; first 
and second inertia tracks disposed to place the first and 
second pairs of chambers in fluid communication , respec 
tively ; and a plurality of elastic energy storage devices 
coupled to the first body and the second body and disposed 
to isolate vibrations between the first and second bodies . 
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PLANAR VIBRATION ISOLATOR 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] Not applicable . 

STATEMENT OF FEDERALLY FUNDED 
RESEARCH 

[ 0002 ] Not applicable . 

TECHNICAL FIELD OF THE INVENTION 

[ 0003 ] The present invention relates in general to the field 
of rotorcraft , in particular , the field of isolating vibrations 
from rotor systems . 

BACKGROUND OF THE INVENTION 

[ 0004 ] Without limiting the scope of the invention , its 
background is described in connection with rotorcraft . 
[ 0005 ] One example of an aircraft is a rotorcraft . Rotor 
craft includes helicopters and tiltrotors . Rotorcraft vibration 
greatly affects the mission performance of a rotorcraft and 
operating costs due to its effects in limiting the life of critical 
components and in fatiguing crew and passengers . By effec 
tively isolating vibration transfer from the rotor to the 
fuselage , the life of critical components can be lengthened , 
lowering operating costs , and ride quality can be improved . 
Prior art methods of isolating such vibrations include the use 
of pendulum absorbers , which often have considerable 
weight while being only partly effective . Methods and 
apparatuses for isolating vibrations caused by rotor systems 
which are relatively light in weight and more effective than 
typical prior art methods and apparatuses are desirable . 

enclosing an elastic energy storage device . In another aspect , 
each of the fluid chambers of the first and second pairs of 
fluid chambers is filled with a non - compressible fluid , a 
non - viscous fluid , a non - freezable fluid , a fluid with a high 
density or specific gravity , a hydraulic fluid , oil , or some 
other fluid . In another aspect , the first pair of fluid chambers 
is disposed on opposite sides of the first body and the second 
pair of fluid chambers is disposed on opposite sides of the 
first body . In another aspect , the system isolates vibrations in 
a helicopter , a tiltrotor craft , or an airplane . 
[ 0007 ] In some embodiments of the disclosure , a vibration 
isolation system is disclosed as including a plurality of fluid 
chambers filled with a fluid and disposed to isolate vibra 
tions between a first body and a second body , wherein the 
plurality of fluid chambers is coupled to first body and the 
second body , wherein the vibrations occur in or parallel to 
a plane , wherein the first body is a propeller hub , a rotor hub , 
a pylon attachment , or an engine , wherein the second body 
is a propeller shaft , a rotor mast , or a body attachment , and 
wherein the body attachment may be a fuselage attachment 
or a nacelle attachment ; a plurality of inertia tracks , each 
inertia track disposed to place to one fluid chamber of the 
plurality of fluid chambers in fluid communication with 
another of the fluid chambers of the plurality of fluid 
chambers ; and a plurality of elastic energy storage devices 
coupled to the first body and the second body and disposed 
to isolate the vibrations between the first body and the 
second body . 
[ 0008 ] In some embodiments of the disclosure , a method 
of isolating vibration in an aircraft is disclosed as including 
disposing a first pair of fluid chambers to isolate first 
vibrations between a first body and a second body , wherein 
the first pair of fluid chambers is coupled to first body and 
the second body , wherein the first vibrations are substan 
tially parallel to a first axis , wherein the first body is a 
propeller hub , a rotor hub , a pylon attachment , or an engine , 
wherein the second body is a propeller shaft , a rotor mast , or 
a body attachment , and wherein the body attachment may be 
a fuselage attachment or a nacelle attachment ; disposing a 
second pair of fluid chambers to isolate second vibrations 
between the first body and the second body , wherein the 
second pair of fluid chambers is coupled to first body and the 
second body , wherein the second vibrations are substantially 
parallel to a second axis that is substantially perpendicular to 
the first axis ; disposing a first inertia track to place the first 
pair of fluid chambers in fluid communication ; disposing a 
second inertia track to place the second pair of fluid cham 
bers in fluid communication ; disposing a plurality of elastic 
energy storage devices to isolate the first vibrations or the 
second vibrations to the first body or to the second body ; 
filling each fluid chamber with fluid ; and isolating vibrations 
between the first body and the second body using the fluid 
in the first pair of fluid chambers , the second pair of fluid 
chambers , the first inertia track , the second inertia track , and 
the elastic energy storage devices . In one aspect , the plural 
ity of elastic energy storage devices includes springs . In 
another aspect , adjacent fluid chambers are separated by a 
plurality of compartments , each compartment enclosing an 
elastic energy storage device . In another aspect , each of the 
fluid chambers of the first and second pairs of fluid chambers 
is filled with a non - compressible fluid , a non - viscous fluid , 
a non - freezable fluid , a fluid with a high density or specific 
gravity , a hydraulic fluid , oil , or some other fluid . In another 
aspect , the first pair of fluid chambers is disposed on 

SUMMARY OF THE INVENTION 

[ 0006 ] In some embodiments of the disclosure , a vibration 
isolation system is disclosed as including a first pair of fluid 
chambers disposed to isolate first vibrations between a first 
body and a second body , wherein the first pair of fluid 
chambers is coupled to first body and the second body , 
wherein the first vibrations are substantially parallel to a first 
axis , wherein the first body is a propeller hub , a rotor hub , 
a pylon attachment , or an engine , wherein the second body 
is a propeller shaft , a rotor mast , or a body attachment ; and 
wherein the body attachment may be a fuselage attachment 
or a nacelle attachment ; a second pair of fluid chambers 
disposed to isolate second vibrations between the first body 
and the second body , wherein the second pair of fluid 
chambers is coupled to first body and the second body , and 
wherein the second vibrations are substantially parallel to a 
second axis that is substantially perpendicular to the first 
axis ; a first inertia track disposed to place the first pair of 
fluid chambers in fluid communication ; a second inertia 
track disposed to place the second pair of fluid chambers in 
fluid communication ; a plurality of elastic energy storage 
devices coupled to the first body and the second body and 
disposed to isolate vibrations between the first body and the 
second body . In one aspect , the plurality of elastic energy 
storage devices includes springs . In another aspect , adjacent 
fluid chambers are separated by a plurality of compartments , 
each compartment enclosing an elastic energy storage 
device . In another aspect , adjacent fluid chambers are sepa 
rated by a plurality of compartments , each compartment 
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chambers in fluid communication with another of the fluid 
chambers of the plurality of fluid chambers ; and a plurality 
of elastic energy storage devices coupled to the first body 
and the second body and disposed to isolate the vibrations 
between the first body and the second body . 
[ 0012 ] In addition to the foregoing , various other method , 
system , and apparatus aspects are set forth in the teachings 
of the present disclosure , such as the claims , text , and 
drawings forming a part of the present disclosure . 
[ 0013 ] The foregoing is a summary and thus contains , by 
necessity , simplifications , generalizations , and omissions of 
detail . Consequently , those skilled in the art will appreciate 
that this summary is illustrative only and is not intended to 
be in any way limiting . There aspects , features , and advan 
tages of the devices , processes , and other subject matter 
described herein will be become apparent in the teachings 
set forth herein . 

BRIEF DESCRIPTION OF THE DRAWINGS 

opposite sides of the first body and the second pair of fluid 
chambers is disposed on opposite sides of the first body . In 
another aspect , the method isolates vibrations in a helicopter , 
a tiltrotor craft , or an airplane . 
[ 0009 ] In some embodiments of the disclosure , a method 
is disclosed as including disposing a plurality of fluid 
chambers disposed to isolate vibrations between a first body 
and a second body , wherein the plurality of fluid chambers 
is coupled to first body and the second body , wherein the 
vibrations are in or parallel to a plane , wherein the first body 
is a propeller hub , a rotor hub , a pylon attachment , or an 
engine , and wherein the second body is a propeller shaft , a 
rotor mast , or a body attachment , and wherein the body 
attachment may be a fuselage attachment or a nacelle 
attachment ; disposing a plurality of inertia tracks , each 
inertia track disposed to place to one fluid chamber of the 
plurality of fluid chambers in fluid communication with 
another of the fluid chambers of the plurality of fluid 
chambers , disposing a plurality of elastic energy storage 
devices disposed to isolate the vibrations between the first 
body and the second body ; filling each fluid chamber with a 
fluid ; and isolating the vibrations between the first body and 
the second body using the fluid in the plurality of fluid 
chambers , the plurality of inertia tracks , and the elastic 
energy storage devices . 
[ 0010 ] In some embodiments of the disclosure , a rotorcraft 
is disclosed as including a fuselage ; one or more engines 
coupled to the fuselage ; and a vibration isolation system 
coupled to the one or more engines including a first pair of 
fluid chambers , filled with a fluid and disposed to isolate first 
vibrations between a first body and a second body , wherein 
the first vibrations are substantially parallel to a first axis , 
wherein the first body is a propeller shaft , a rotor mast , a 
pylon attachment , or an engine , wherein the second body is 
a propeller hub , a rotor hub , or a body attachment , wherein 
the body attachment may be a fuselage attachment or a 
nacelle attachment , and wherein the first pair of fluid cham 
bers is coupled to first body and the second body ; a second 
pair of fluid chambers , filled with the fluid , and disposed to 
isolate second vibrations between the first body and the 
second body , wherein the second vibrations are substantially 
parallel to a second axis that is substantially perpendicular to 
the first axis , and wherein the second pair of fluid chambers 
is coupled to first body and the second body ; a first inertia 
track disposed to place the first pair of fluid chambers in 
fluid communication ; a second inertia track disposed to 
place the second pair of fluid chambers in fluid communi 
cation ; and a plurality of elastic energy storage devices 
coupled to first body and the second body and disposed to 
isolate the first vibrations or the second vibrations between 
the first body and the second body . 
[ 0011 ] In some embodiments of the disclosure , a rotorcraft 
is disclosed as including a fuselage ; one or more engines 
coupled to the fuselage ; and a vibration isolation system 
coupled to the one or more engines including a plurality of 
fluid chambers filled with a fluid , and disposed to isolate 
vibrations between a first body and a second body , wherein 
the vibrations occur in or parallel to a plane , wherein the first 
body is a propeller shaft , a rotor mast , a pylon attachment , 
or an engine , wherein the second body is a propeller hub , a 
rotor hub , or a body attachment , and wherein the plurality of 
fluid chambers is coupled to the first body and the second 
body ; a plurality of inertia tracks , each inertia track disposed 
to place to one fluid chamber of the plurality of fluid 

[ 0014 ] For a more complete understanding of the features 
and advantages of the present invention , reference is now 
made to the detailed description of the invention along with 
the accompanying figures , in which : 
[ 0015 ] FIG . 1 shows a side view of a helicopter according 
to a particular embodiment of the present application . 
[ 0016 ] FIG . 2 shows a partial cross - section , perspective 
view of a helicopter according to an embodiment of the 
present application . 
[ 0017 ] FIGS . 3A and 3B show perspective views of til 
trotor aircraft in which embodiments of the present inven 
tion may be used . 
[ 0018 ] FIGS . 4A , 4B , 4C and 4D illustrate various 
embodiments of the present invention applied to a mast and 
rotor hub . 
[ 0019 ] FIGS . 5A , 5B , 5C and 5D show cross - sectional 
views of an embodiment of the present invention applied to 
a pylon - fuselage interface . 
[ 0020 ] FIGS . 6A and 6B illustrate further cross - sectional 
views of an embodiment of the present invention applied to 
a pylon - fuselage interface . 
[ 0021 ] FIG . 7 shows a flowchart of a method embodiment 
of the present invention . 
[ 0022 ] FIG . 8 shows a flowchart of another method 
embodiment of the present invention . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0023 ] Illustrative embodiments of the system of the pres 
ent 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 . 
[ 0024 ] 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 
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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 , etc. described herein may be positioned in any 
desired orientation . Thus , the use of terms such as " above , " 
" below , " " upper , ” “ lower , ” or other like terms to describe a 
spatial relationship between various components or to 
describe the spatial orientation of aspects of such compo 
nents should be understood to describe a relative relation 
ship 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 . 
[ 0025 ] FIG . 1 shows an aircraft 100 in accordance with an 
embodiment of the present application . In the exemplary 
embodiment , aircraft 100 is a helicopter having a fuselage 
102 and a rotor system 104 carried thereon . A plurality of 
rotor blades 106 is operably associated with a rotor system 
104 for creating flight . A tail boom 108 is depicted that 
further includes tail rotor 110 . 
[ 0026 ] For example , FIG . 2 shows a partial cross - section 
perspective view of aircraft 100 that includes additional 
detail of the present invention . Aircraft 100 further includes 
a main rotor mast 112 , which is connected to the main rotor 
gearbox 114. The main rotor gearbox 114 is connected to one 
or more accessory gear boxes 116 and one or more reduction 
gearboxes 216a , 216b . Each reduction gearbox 216a , 216b 
is connected to one or more engines 120a , 120b , which are 
within an engine compartment 118. A tail rotor drive shaft 
122 transmits mechanical rotation to the tail rotor gearbox 
124 , which is connected via tail rotor drive shaft 126 and 
intermediate gear box 128 . 
[ 0027 ] FIGS . 3A and 3B show a tiltrotor aircraft 300 that 
utilizes the system and methods in accordance with the 
present invention . FIG . 3A illustrates the tiltrotor aircraft 
300 in takeoff - and - landing mode or hover mode , and FIG . 
3B depicts the tiltrotor aircraft 300 in cruise mode . Tiltrotor 
aircraft 300 includes tiltrotor assemblies 302a and 302b that 
are carried by wings 304a and 304b , and are disposed at end 
portions 306a and 306b of wings 304a and 304b , respec 
tively . Tiltrotor assemblies 302a and 302b include nacelles 
308a and 308b , which carry the engines and transmissions 
of tiltrotor aircraft 300. Tiltrotor assemblies 302a and 302b 
move or rotate relative to wings 304a and 304b between a 
helicopter or hover mode in which tiltrotor assemblies 302a 
and 302b are tilted upward , such that tiltrotor aircraft 300 
flies like a conventional helicopter ; and an airplane or cruise 
mode in which tiltrotor assemblies 302a and 302b are tilted 
forward , such that tiltrotor aircraft 300 flies like a conven 
tional propeller driven aircraft . 
[ 0028 ] The present invention is a vibration isolator that 
utilizes the Liquid Inertia Vibration Eliminator ( LIVE ) prin 
ciples and is constructed to provide vibration isolation of 
oscillatory motions in a plane . This invention provides a 
structural connection between two bodies and reduces the 
transfer of oscillatory motions from the first body to the 
second body . This invention is effective at isolating main 
rotor hub oscillatory forces from being transferred to the 
main rotor mast . This invention is also effective at isolating 
the vibrations of a rotor pylon / gear box assembly from the 
airframe / fuselage . 
[ 0029 ] Embodiments of the present invention may be 
applied to isolate vibrations in at least mast - rotor hub 
interfaces and pylon - fuselage interfaces . When the present 
invention is incorporated at the main rotor hub , vibrations 

resulting from the oscillatory shear forces in the plane of the 
rotor are effectively isolated . FIGS . 4A , 4B , 4C , and 4D 
show embodiments of the present invention incorporated at 
the main rotor hub of a helicopter , with the mast in various 
positions within the rotor hub . One skilled in the art will 
recognize that similar embodiments may be used to isolate 
vibration in the plane of a rotor in a tiltrotor craft . In the 
embodiment shown , there are exemplary , non - limiting num 
bers of components : four fluid chambers , four elastic energy 
storage devices , and two fluid inertia tracks . One skilled in 
the art will recognize that there may be a variety numbers of 
fluid chambers , inertia tracks , and elastic energy storage 
devices in embodiments of the present invention , such as 2 , 
3 , 4 , 5 , 6 , 7 , 8 , or more fluid chambers ; 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
or more inertia tracks ; and 2 , 3 , 4 , 5 , 6 , 7 , 8 , or more elastic 
energy storage devices . 
[ 0030 ) Embodiments of the present invention may be 
placed between any two portions of a rotorcraft to prevent 
the transmission of vibrations ( oscillatory loads ) from one 
part to the other . On a helicopter , it could be placed , for 
example , between the rotor and the mast , at the pylon 
fuselage interface , or between the engine and the fuselage . 
On a tiltrotor , it could be placed , for example , between the 
rotor and the mast , between the mast support structure and 
the nacelle structure , between the engine and the nacelle , 
between the nacelle and the wing , or between the wing and 
the fuselage . It is preferred to have the device close to the 
primary source of vibration ( i.e. , the rotor ) . Generally , 
embodiments of the present invention may be used to from 
a first body , which may be a propeller hub , a rotor hub , a 
pylon attachment , or an engine , and a second body , which 
may be a propeller shaft , a rotor mast , or a body attachment 
( and body attachment may include a fuselage attachment , 
which includes the attachment of a wing to a fuselage and 
the attachment of a pylon to a fuselage , or a nacelle 
attachment , which includes an attachment of a nacelle to a 
wing ) . 
[ 0031 ] FIG . 4A depicts a vibration isolation system 400 
according to an embodiment the present invention . The main 
rotor mast 112 ( also referred to as mast 112 herein ) is in a 
neutral position , centrally located within the rotor hub 402 . 
Here , the rotor hub 402 is a non - limiting exemplary com 
ponent . This embodiment and the present invention gener 
ally may be used with a first body that is , for example , 
propeller hub , a rotor hub , a pylon attachment , or an engine . 
Further , the mast 112 is a non - limiting exemplary compo 
nent . 

[ 0032 ] This embodiment and the present invention gener 
ally may be used with a second body that is , for example , a 
propeller shaft , a rotor mast , or a body attachment ( and body 
attachment may include a fuselage attachment or a nacelle 
attachment ) . With the mast 112 in this neutral position , 
X - axis fluid chambers X1 404a and X2 404b are disposed on 
opposite sides of the mast 112 , are coupled directly or 
indirectly to the mast 112 and the rotor hub 402 , are of equal 
size , and are filled with equal amounts of fluid , such as a 
non - compressible fluid , a non - viscous fluid , a non - freezable 
fluid , a fluid with a high density or specific gravity , a 
hydraulic fluid , oil , or some other fluid , and preferably a 
non - compressible , non - viscous fluid with a very low freez 
ing temperature and high density or specific gravity . Y - axis 
fluid chambers Y1 406a and Y2 406b are also disposed on 
opposite sides of the mast 112 , are coupled directly or 
indirectly to the mast 112 and the rotor hub 402 , are of equal 
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size , and are filled with equal amounts of fluid . The X - axis 
fluid chambers 404a , 404b are in fluid communication 
through the X - axis inertia track 408a . Likewise , the Y - axis 
fluid chambers 406a , 406b are in fluid communication 
through the Y - axis inertia track 408b . In this figure , no fluid 
has been required to flow from one of the X - axis fluid 
chambers 404a , 404b to the other , or from one of the Y - axis 
fluid chambers 406a , 406b to the other . The mast 112 and the 
rotor hub 402 are also coupled by elastic energy storage 
devices , each one in a compartment that partitions two 
adjacent chambers from each other . In FIGS . 4A , 4B , 4C , 
and 4D , these elastic energy storage devices are represented 
by non - limiting exemplary springs 410a , 4106 , 410c , 410d 
within compartments 412a , 412b , 412c , 412d , respectively , 
and each compartment 412a , 412b , 412c , 412d is disposed 
between adjacent fluid chambers . One skilled in the art will 
recognize that these elastic energy storage devices may be 
springs such as metallic coil springs , non - metallic coil 
springs , leaf springs , torsion springs , elastomeric springs , or 
other devices besides springs , such as enclosed volumes of 
gas , e.g. air . These elastic energy storage devices stabilize 
the mast 112 within the rotor hub 402 and are disposed to 
further isolate vibrations and to return the mast 112 to a 
neutral position within the rotor hub 402 when displaced 
from a neutral position . It is the correct combination of the 
elastic energy storage devices , fluid compartments , and 
inertia tracks that results in isolation ( non - transfer ) of oscil 
latory ( non - steady ) loads from the rotor system to the mast . 
[ 0033 ] FIG . 4B illustrates the vibration isolation system 
400 , where the mast 112 has moved along the Y - axis within 
the rotor hub 402. While fluid has not moved from one 
X - axis fluid chamber 404a , 404b to the other , Y - axis fluid 
chamber Y1 406a is smaller as a result of the motion of the 
mast 112 , and Y - axis fluid chamber Y2 406b is larger . The 
embodiment maintains fluid around the mast 112 by chan 
neling fluid from Y - axis fluid chamber Y1 406a to the y - axis 
fluid chamber Y2 406b through inertia track 408b . FIG . 4B 
also shows springs 410a , 4105 , 410c , 410d within compart 
ments 412a , 412b , 412c , 412d , respectively . 
[ 0034 ] FIG . 4C illustrates the vibration isolation system 
400 , where the mast 112 has moved along the X - axis within 
the rotor hub 402. While fluid has not moved from one 
Y - axis fluid chamber 406a , 406b to the other , X - axis fluid 
chamber X1 404b is smaller as a result of the motion of the 
mast 112 , and X - axis fluid chamber X2 404a is larger . The 
embodiment maintains fluid around the mast 112 by chan 
neling fluid from X - axis fluid chamber X1 404b to X - axis 
fluid chamber X2 404a through inertia track 408a . FIG . 4C 
also shows springs 410a , 4105 , 410c , 410d within compart 
ments 412a , 4126 , 412c , 412d , respectively . 
[ 0035 ] FIG . 4D illustrates the vibration isolation system 
400 , where the mast has moved away from both the X - axis 
and the Y - axis within the rotor hub 402. X - axis fluid 
chamber X1 404b and Y - axis chamber Y1 406a are smaller 
as a result of the motion of the mast 112 , and X - axis and 
Y - axis fluid chambers X2 and Y2 , 404a and 406b , respec 
tively , are larger . The embodiment maintains fluid around 
the mast 112 by channeling from X - axis fluid chamber X1 
404a to X - axis fluid chamber X2 404b through the X - axis 
inertia track 408a and from Y - axis fluid chamber Y1 406a to 
Y - axis fluid chamber Y2 406b through the Y - axis inertia 
track 408b . The vibration isolation system 400 is able to 
maintain fluid around the mast 112 without regard to the 
position of the mast 112 within the rotor hub 404 , thus 

providing vibration isolation in two dimensions in the X - Y 
plane . FIG . 4D also shows springs 410a , 4106 , 410c , 410d 
within compartments 412a , 412b , 412c , 412d , respectively . 
[ 0036 ] Vibrations in the longitudinal - vertical plane at the 
pylon - fuselage interface result from oscillatory longitudinal 
hub shear forces , vertical hub shear forces , hub pitch 
moments , and hub roll moments . When the present inven 
tion is incorporated at the pylon - fuselage interface , vibra 
tions in the longitudinal - vertical plane are effectively iso 
lated . 
[ 0037 ] FIGS . 5A , 5B , 5C , and 5D show embodiments of 
the present invention incorporated at the pylon - fuselage 
interface of a helicopter , with the pylon attachment in 
various positions within the fuselage attachment . In the 
embodiment shown , there are exemplary , non - limiting num 
bers of components : four fluid chambers , four elastic energy 
storage devices , and two fluid inertia tracks . One skilled in 
the art will recognize that there may be a variety numbers of 
fluid chambers , inertia tracks , and elastic energy storage 
devices in embodiments of the present invention , such as 2 , 
3 , 4 , 5 , 6 , 7 , 8 , or more fluid chambers ; 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
or more inertia tracks ; and 2 , 3 , 4 , 5 , 6 , 7 , 8 , or more elastic 
energy storage devices . The device of the present invention 
can be placed in between any two portions of the rotorcraft 
to prevent the transmission of vibrations ( oscillatory loads ) 
from one part to the other . On a tiltrotor , it could be between 
the rotor and the mast , between the mast support structure 
and the nacelle structure , between the nacelle and the wing , 
or between the wing and the fuselage . Generally , it is 
preferred to have the device close to the primary source of 
vibration ( i.e. , the rotor ) . The device of the present invention 
can also be placed between the engine and nacelle for 
isolation of vibration created by the engine . Generally , 
embodiments of the present invention may be used to from 
a first body , which may be a propeller hub , a rotor hub , a 
pylon attachment , or an engine , and a second body , which 
may be a propeller shaft , a rotor mast , or a body attachment 
( and body attachment may include a fuselage attachment , 
which includes the attachment of a wing to a fuselage and 
the attachment of a pylon to a fuselage , or a nacelle 
attachment , which includes an attachment of a nacelle to a 
wing ) . 
[ 0038 ] FIG . 5A depicts a vibration isolation system 500 in 
which the pylon attachment 502 is in a neutral position , 
centrally located within the fuselage attachment 504. Here , 
the pylon attachment 502 is a non - limiting exemplary com 
ponent . Further , the fuselage attachment is a non - limiting 
exemplary component . This embodiment and the present 
invention generally may be used with a first body that is , for 
example , propeller hub , a rotor hub , a pylon attachment , or 
an engine . This embodiment and the present invention 
generally may be used with a second body that is , for 
example , a propeller shaft , a rotor mast , or a body attach 
ment ( and body attachment may include a fuselage attach 
ment or a nacelle attachment ) . With the pylon attachment in 
this neutral position , Z - axis fluid chambers Z1 506a and Z2 
506b are of equal size and filled with equal amounts of fluid , 
and are coupled directly or indirectly to the pylon attach 
ment 502 and the fuselage attachment 504. Z - axis pistons 
507a , 507b force fluid from one Z - axis chamber 506a , 506b 
to the other as the pylon attachment moves parallel to the 
Z - axis . X - axis fluid chambers X1 508a and X2 508b are also 
of equal size and filled with equal amounts of fluid , and are 
coupled directly or indirectly to the pylon attachment 502 
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and the fuselage attachment 504. X - axis pistons 509a , 509b 
force fluid from one X - axis fluid chamber 508a , 508b to the 
other as the pylon attachment moves parallel to the X - axis . 
While the Z - axis fluid chambers 506a , 506b are in fluid 
communication through the Z - axis inertia tracks 510a , 5100 , 
no fluid has been required to flow from one of the Z - axis 
fluid chambers 506a , 506b to the other or from one of the 
X - axis fluid chambers 508a , 508b to the other , which are in 
fluid communication through X - axis inertia tracks 511a , 
511b . The pylon attachment 502 and the fuselage attachment 
504 are also coupled by elastic energy storage devices , each 
one in a compartment that partitions the chambers from 
adjacent components . In FIGS . 5A , 5B , 5C , and 5D , these 
elastic energy storage devices are represented by non - lim 
iting exemplary springs 512a , 512b , 512c , 512d within 
compartments 513a , 513b , 513c , 513d , respectively , for the 
Z - axis fluid chambers and springs 514a , 5145 , 514c , 514d 
within compartments 516a , 516b , 516c , 516d , respectively , 
for the X - axis fluid chambers . One skilled in the art will 
recognize that these elastic energy storage devices may be 
other devices besides springs . These elastic energy storage 
devices stabilize the pylon attachment 502 within the fuse 
lage attachment 504 and are disposed to further isolate 
vibrations and to return the pylon attachment 502 to a neutral 
position within the fuselage attachment 504 when displaced 
form a neutral position . 
[ 0039 ] FIG . 5B illustrates the vibration isolation system 
500 where the pylon attachment 502 has moved along the 
Z - axis within the fuselage attachment 504. While fluid has 
not moved from one X - axis fluid chamber 508a , 508b to the 
other , Z - axis fluid chamber Z1 506a is smaller as a result of 
the motion of the pylon attachment 502 , and Z - axis fluid 
chamber Z2 506b is larger . The vibration isolation system 
500 maintains fluid around the pylon attachment 502 by 
channeling fluid from z - axis fluid chamber Z1 506a to 
Z - axis fluid chamber Z2 506b through the Z - axis inertia 
tracks 510a , 510b . FIG . 5B also shows pistons 507a , 507b 
and 509a , 509b , springs 512a , 512b , 512c , 512d within 
compartments 513a , 513b , 513c , 513d , respectively , and 
springs 514a , 5145 , 514c , 514d within compartments 516a , 
5166 , 516c , 516d , respectively . 
[ 0040 ] FIG . 5C illustrates the vibration isolation system 
500 where the pylon attachment 502 has moved along the 
X - axis within the fuselage attachment 504. While fluid has 
not moved from one Z - axis fluid chamber 506a , 506b to the 
other , X - axis fluid chamber X1 508a is smaller as a result of 
the motion of the pylon attachment 502 , and X - axis fluid 
chamber X2 508b is larger . The vibration isolation system 
500 maintains fluid around the pylon attachment 502 by 
channeling fluid from X - axis fluid chamber X1 508a to 
X - axis fluid chamber X2 508b through the X - axis inertia 
tracks 511a , 5116. FIG . 5C also shows pistons 507a , 507b 
and 509a , 509b , springs 512a , 512b , 512c , 512d within 
compartments 513a , 513b , 513c , 513d , respectively , and 
springs 514a , 5146 , 514c , 514d within compartments 516a , 
5166 , 5160 , 516d , respectively . 
[ 0041 ] FIG . 5D illustrates the vibration isolation system 
500 where the pylon attachment 502 has moved away from 
both the X - axis and the Z - axis within the fuselage attach 
ment 504. Z - axis fluid chamber Z1 506a and Y - axis fluid 
chamber X1 508a are smaller as a result of the motion of the 
pylon attachment 502 , and Z - axis and X - axis fluid chambers 
Z2 506b and X2 508b are larger . The vibration isolation 
system 500 maintains fluid around the pylon attachment 502 

by channeling fluid from z - axis fluid chamber Z1 506a to 
Z - axis fluid chamber Z2 506b through the Z - axis inertia 
tracks 510a , 510b and from X - axis fluid chamber X1 508a 
to X - axis fluid chamber X2 508b through the X - axis inertia 
tracks 511a , 511b . The vibration isolation system 500 is thus 
able to maintain fluid around the pylon attachment 502 
whatever the position of the pylon attachment 502 within the 
fuselage attachment 504 , providing vibration isolation in the 
two dimensions of the X - Z plane . FIG . 5D also shows 
pistons 507a , 507b and 509a , 509b , springs 512a , 512b , 
512c , 512d within compartments 513a , 513b , 513c , 513d , 
respectively , and springs 514a , 514b , 5140 , 514d within 
compartments 516a , 516b , 516c , 516d , respectively . 
[ 0042 ] FIGS . 6A and 6B show cross - sections of the vibra 
tion isolation system 500 as depicted in FIG . 5A . FIG . 6A 
shows a cross - section in the Z - plane and depicts pylon 
attachment 502 , fuselage attachment 504 , Z - axis fluid cham 
bers Z1 506a and Z2 506b , and pistons 507a , 507b . FIG . 6B 
shows a cross - section in the X - plane and depicts pylon 
attachment 502 , X - axis fluid chambers X1 508a and Z2 
508b , and pistons 509a , 509b . 
[ 0043 ] FIG . 7 shows a method 700 of isolating vibrations , 
illustrating an embodiment of the present invention . Method 
700 includes block 702 , which begins by disposing a first 
pair of fluid chambers to isolate first vibrations between a 
first body and a second body , wherein the first pair of fluid 
chambers is coupled to first body and the second body , 
wherein the first vibrations are substantially parallel to a first 
axis , wherein the first body is a propeller hub , a rotor hub , 
a pylon attachment , or an engine , wherein the second body 
is a propeller shaft , a rotor mast , or a body attachment , and 
wherein the body attachment may be a fuselage attachment 
or a nacelle attachment . Next , the method includes block 
704 , that includes disposing a second pair of fluid chambers 
to isolate second vibrations between the first body and the 
second body , wherein the second pair of fluid chambers is 
coupled to first body and the second body , and wherein the 
second vibrations are substantially parallel to a second axis 
that is substantially perpendicular to the first axis . After 
block 704 , the method includes block 706 , that includes 
disposing a first inertia track to place the first pair of fluid 
chambers in fluid communication . The method continues 
with block 708 , in which a second inertia track is disposed 
to place the second pair of fluid chambers in fluid commu 
nication . Next , the method includes block 710 , where a 
plurality of elastic energy storage devices are disposed to 
isolate the first vibrations or the second vibrations to the first 
body or to the second body . Block 712 follows block 710 
and includes filling each fluid chamber with fluid . Method 
700 concludes with block 714 , which includes isolating 
vibrations between the first body and the second body using 
the fluid in the first pair of fluid chambers , the second pair 
of fluid chambers , the first inertia track , the second inertia 
track , and the elastic energy storage devices . 
[ 0044 ] FIG . 8 shows a method 800 of isolating vibrations , 
illustrating another embodiment of the present invention . 
Method 800 begins with block 802 , which begins by dis 
posing a plurality of fluid chambers disposed to isolate 
vibrations between a first body and a second body , wherein 
the plurality of fluid chambers is coupled to the first body 
and the second body , wherein the vibrations are in or parallel 
to a plane , wherein the first body is a propeller hub , a rotor 
hub , a pylon attachment , or an engine , wherein the second 
body is a propeller shaft , a rotor mast , or a body attachment , 
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and wherein the body attachment may be a fuselage attach 
ment or a nacelle attachment . The method continues with 
block 804 , that includes disposing a plurality of inertia 
tracks , each inertia track disposed to place to one fluid 
chamber of the plurality of fluid chambers in fluid commu 
nication with another of the fluid chambers of the plurality 
of fluid chambers . Next , the method includes block 806 , that 
includes disposing a plurality of elastic energy storage 
devices disposed to isolate the vibrations between the first 
body and the second body . After block 806 , the method 
continues with block 808 , in which each fluid chamber is 
filled with fluid . Method 800 concludes with block 810 , 
where the vibrations between the first body and the second 
body are isolated using the fluid in the plurality of fluid 
chambers , the plurality of inertia tracks , and the elastic 
energy storage devices . 
[ 0045 ] The skilled artisan will recognize that vibration 
isolation systems 400 and 500 and methods 700 and 800 are 
apparatuses and methods of isolation of vibrations caused by 
rotor systems which are relatively light in weight and more 
effective than typical prior art methods and apparatuses . 
[ 0046 ] It will be understood that particular embodiments 
described herein are shown by way of illustration and not as 
limitations of the invention . The principal features of this 
invention can be employed in various embodiments without 
departing from the scope of the invention . Those skilled in 
the art will recognize , or be able to ascertain using no more 
than routine experimentation , numerous equivalents to the 
specific procedures described herein . Such equivalents are 
considered to be within the scope of this invention and are 
covered by the claims . 
[ 0047 ] All publications and patent applications mentioned 
in the specification are indicative of the level of skill of those 
skilled in the art to which this invention pertains . All 
publications and patent applications are herein incorporated 
by reference to the same extent as if each individual publi 
cation or patent application was specifically and individually 
indicated to be incorporated by reference . 
[ 0048 ] The use of the word “ a ” or “ an ” when used in 
conjunction with the term “ comprising ” in the claims and / or 
the specification may mean “ one , ” but it is also consistent 
with the meaning of “ one or more , " " at least one , " and " one 
or more than one . ” The use of the term “ or ” in the claims is 
used to mean “ and / or ” unless explicitly indicated to refer to 
alternatives only or the alternatives are mutually exclusive , 
although the disclosure supports a definition that refers to 
only alternatives and " and / or . ” Throughout this application , 
the term “ about ” is used to indicate that a value includes the 
inherent variation of error for the device , the method being 
employed to determine the value , or the variation that exists 
among the study subjects . 
[ 0049 ] As used in this specification and claim ( s ) , the 
words " comprising ” ( and any form of comprising , such as 
" comprise " and " comprises ” ) , “ having ” ( and any form of 
having , such as “ have ” and “ has ” ) , “ including ” ( and any 
form of including , such as “ includes ” and “ include ” ) or 
" containing ” ( and any form of containing , such as " con 
tains ” and “ contain ” ) are inclusive or open - ended and do not 
exclude additional , unrecited elements or method steps . In 
embodiments of any of the compositions and methods 
provided herein , “ comprising ” may be replaced with “ con 
sisting essentially of ” or “ consisting of . ” As used herein , the 
phrase " consisting essentially of " requires the specified 
integer ( s ) or steps as well as those that do not materially 

affect the character or function of the claimed invention . As 
used herein , the term " consisting ” is used to indicate the 
presence of the recited integer ( e.g. , a feature , an element , a 
characteristic , a property , a method / process step , or a limi 
tation ) or group of integers ( e.g. , feature ( s ) , element ( s ) , 
characteristic ( s ) , property ( ies ) , method / process ( s ) steps , or 
limitation ( s ) only . 
[ 0050 ] The term “ or combinations thereof ” as used herein 
refers to all permutations and combinations of the listed 
items preceding the term . For example , “ A , B , C , or com 
binations thereof is intended to include at least one of : A , 
B , C , AB , AC , BC , or ABC , and if order is important in a 
particular context , also BA , CA , CB , CBA , BCA , ACB , 
BAC , or CAB . Continuing with this example , expressly 
included are combinations that contain repeats of one or 
more item or term , such as BB , AAA , AB , BBC , AAABC 
CCC , CBBAAA , CABABB , and so forth . The skilled arti 
san will understand that typically there is no limit on the 
number of items or terms in any combination , unless oth 
erwise apparent from the context . 
[ 0051 ] As used herein , words of approximation such as , 
without limitation , “ about , ” “ substantial ” or “ substantially ” 
refers to a condition that when so modified is understood to 
not necessarily be absolute or perfect but would be consid 
ered close enough to those of ordinary skill in the art to 
warrant designating the condition as being present . The 
extent to which the description may vary will depend on how 
great a change can be instituted and still have one of 
ordinary skill in the art recognize the modified feature as still 
having the required characteristics and capabilities of the 
unmodified feature . In general , but subject to the preceding 
discussion , a numerical value herein that is modified by a 
word of approximation such as “ about ” may vary from the 
stated value by at least +1 , 2 , 3 , 4 , 5 , 6 , 7 , 10 , 12 or 15 % . 
[ 0052 ] All of the devices and / or methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure . While the 
devices and / or methods of this invention have been 
described in terms of particular embodiments , it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and / or methods and in the steps 
or in the sequence of steps of the method described herein 
without departing from the concept , spirit and scope of the 
invention . All such similar substitutes and modifications 
apparent to those skilled in the art are deemed to be within 
the spirit , scope , and concept of the invention as defined by 
the appended claims . 
[ 0053 ] 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 and spirit of the disclosure . Accordingly , the protec 
tion sought herein is as set forth in the claims below . 
[ 0054 ] Modifications , additions , or omissions may be 
made to the systems and apparatuses described herein with 
out departing from the scope of the invention . The compo 
nents of the systems and apparatuses may be integrated or 
separated . Moreover , the operations of the systems and 
apparatuses may be performed by more , fewer , or other 
components . The methods may include more , fewer , or other 
steps . Additionally , steps may be performed in any suitable 
order . 
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[ 0055 ] To aid the Patent Office , and any readers of any 
patent issued on this application in interpreting the claims 
appended hereto , applicants wish to note that they do not 
intend any of the appended claims to invoke 35 U.S.C. $ 
112 ( f ) as it exists on the date of filing hereof unless the 
words “ means for ” or “ step for ” are explicitly used in the 
particular claim . 

What is claimed is : 
1. A vibration isolation system , comprising : 
a first pair of fluid chambers disposed to isolate first 

vibrations between a first body and a second body , 
wherein the first pair of fluid chambers is coupled to the 
first body and the second body , wherein the first vibra 
tions are substantially parallel to a first axis , wherein 
the first body is a propeller hub , a rotor hub , a pylon 
attachment , or an engine , wherein the second body is a 
propeller shaft , a rotor mast , or a body attachment ; and 
wherein the body attachment may be a fuselage attach 
ment or a nacelle attachment ; 

a second pair of fluid chambers disposed to isolate second 
vibrations between the first body and the second body , 
wherein the second pair of fluid chambers is coupled to 
the first body and the second body , and wherein the 
second vibrations are substantially parallel to a second 
axis that is substantially perpendicular to the first axis ; 

a first inertia track disposed to place the first pair of fluid 
chambers in fluid communication ; 

a second inertia track disposed to place the second pair of 
fluid chambers in fluid communication ; and 

a plurality of elastic energy storage devices coupled to the 
first body and the second body and disposed to isolate 
vibrations between the first body and the second body . 

2. The system of claim 1 , wherein the plurality of elastic 
energy storage devices comprises springs . 

3. The system of claim 1 , wherein adjacent fluid chambers 
are separated by a plurality of compartments , each compart 
ment enclosing an elastic energy storage device . 

4. The system of claim 1 , wherein each of the fluid 
chambers of the first and second pairs of fluid chambers is 
filled with a non - compressible fluid , a non - viscous fluid , a 
non - freezable fluid , a fluid with a high density or specific 
gravity , a hydraulic fluid , oil , or some other fluid . 

5. The system of claim 1 , wherein the first pair of fluid 
chambers is disposed on opposite sides of the first body and 
the second pair of fluid chambers is disposed on opposite 
sides of the first body . 
6. The system of claim 1 , wherein the system isolates 

vibrations in a helicopter , a tiltrotor craft , or an airplane . 
7. A vibration isolation system comprising : 
a plurality of fluid chambers filled with a fluid and 
disposed to isolate vibrations between a first body and 
a second body , wherein the plurality of fluid chambers 
is coupled to the first body and the second body , 
wherein the vibrations occur in or parallel to a plane , 
wherein the first body is a propeller hub , a rotor hub , a 
pylon attachment , or an engine , wherein the second 
body is a propeller shaft , a rotor mast , or a body 
attachment , and wherein the body attachment may be a 
fuselage attachment or a nacelle attachment ; 

a plurality of inertia tracks , each inertia track disposed to 
place to one fluid chamber of the plurality of fluid 
chambers in fluid communication with another of the 
fluid chambers of the plurality of fluid chambers ; and 

a plurality of elastic energy storage devices coupled to the 
first body and the second body and disposed to isolate 
the vibrations between the first body and the second 
body . 

8. A method of isolating vibration in an aircraft , compris 
ing : 

disposing a first pair of fluid chambers to isolate first 
vibrations between a first body and a second body , 
wherein the first pair of fluid chambers is coupled to the 
first body and the second body , wherein the first vibra 
tions are substantially parallel to a first axis , wherein 
the first body is a propeller hub , a rotor hub , a pylon 
attachment , or an engine , wherein the second body is a 
propeller shaft , a rotor mast , or a body attachment , and 
wherein the body attachment may be a fuselage attach 
ment or a nacelle attachment ; 

disposing a second pair of fluid chambers to isolate 
second vibrations between the first body and the second 
body , wherein the second pair of fluid chambers is 
coupled to the first body and the second body , and 
wherein the second vibrations are substantially parallel 
to a second axis that is substantially perpendicular to 
the first axis ; 

disposing a first inertia track to place the first pair of fluid 
chambers in fluid communication ; 

disposing a second inertia track to place the second pair 
of fluid chambers in fluid communication ; 

disposing a plurality of elastic energy storage devices to 
isolate the first vibrations or the second vibrations to 
the first body or to the second body ; 

filling each fluid chamber with fluid ; and 
isolating vibrations between the first body and the second 
body using the fluid in the first pair of fluid chambers , 
the second pair of fluid chambers , the first inertia track , 
the second inertia track , and the elastic energy storage 
devices . 

9. The method of claim 8 , wherein the plurality of elastic 
energy storage devices comprises springs . 

10. The method of claim 8 , wherein adjacent fluid cham 
bers are separated by a plurality of compartments , each 
compartment enclosing an elastic energy storage device . 

11. The method of claim 8 , wherein each of the fluid 
chambers of the first and second pairs of fluid chambers is 
filled with , a non - compressible fluid , a non - viscous fluid , a 
non - freezable fluid , a fluid with a high density or specific 
gravity , a hydraulic fluid , oil , or some other fluid . 

12. The method of claim 8 , wherein the first pair of fluid 
chambers is disposed on opposite sides of the first body and 
the second pair of fluid chambers is disposed on opposite 
sides of the first body . 

13. The method of claim 8 , wherein the method isolates 
vibrations in a helicopter , a tiltrotor craft , or an airplane . 

14. A method of isolating vibrations , comprising : 
disposing a plurality of fluid chambers disposed to isolate 

vibrations between a first body and a second body , 
wherein the plurality of fluid chambers is coupled to the 
first body and the second body , wherein the vibrations 
are in or parallel to a plane , wherein the first body is a 
propeller hub , a rotor hub , a pylon attachment , or an 
engine , wherein the second body is a propeller shaft , a 
rotor mast , or a body attachment , and wherein the body 
attachment may be a fuselage attachment or a nacelle 
attachment ; 
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disposing a plurality of inertia tracks , each inertia track 
disposed to place to one fluid chamber of the plurality 
of fluid chambers in fluid communication with another 
of the fluid chambers of the plurality of fluid chambers ; 

disposing a plurality of elastic energy storage devices 
disposed to isolate the vibrations between the first body 
and the second body ; 

filling each fluid chamber with a fluid ; and 
isolating the vibrations between the first body and the 
second body using the fluid in the plurality of fluid 
chambers , the plurality of inertia tracks , and the elastic 
energy storage devices . 

15. A rotorcraft , comprising : 
a fuselage ; 
one or more engines coupled to the fuselage ; and 
a vibration isolation system coupled to the one or more 

engines comprising : 
a first pair of fluid chambers , filled with a fluid and 
disposed to isolate first vibrations between a first body 
and a second body , wherein the first vibrations are 
substantially parallel to a first axis , wherein the first 
body is a propeller shaft , a rotor mast , a pylon attach 
ment , or an engine , wherein the second body is a 
propeller hub , a rotor hub , or a body attachment , 
wherein the body attachment may be a fuselage attach 
ment or a nacelle attachment , and wherein the first pair 
of fluid chambers is coupled to first body and the 
second body ; 

a second pair of fluid chambers , filled with the fluid , and 
disposed to isolate second vibrations between the first 
body and the second body , wherein the second vibra 
tions are substantially parallel to a second axis that is 
substantially perpendicular to the first axis , and 

wherein the second pair of fluid chambers is coupled to 
first body and the second body ; 

a first inertia track disposed to place the first pair of fluid 
chambers in fluid communication ; 

a second inertia track disposed to place the second pair of 
fluid chambers in fluid communication ; and 

a plurality of elastic energy storage devices coupled to 
first body and the second body and disposed to isolate 
the first vibrations or the second vibrations between the 
first body and the second body . 

16. A rotorcraft , comprising : 
a fuselage ; 
one or more engines coupled to the fuselage ; and 
a vibration isolation system coupled to the one or more 

engines comprising : 
a plurality of fluid chambers filled with a fluid , and 

disposed to isolate vibrations between a first body and 
a second body , wherein the vibrations occur in or 
parallel to a plane , wherein the first body is a propeller 
shaft , a rotor mast , a pylon attachment , or an engine , 
wherein the second body is a propeller hub , a rotor hub , 
or a body attachment , wherein the body attachment 
may be a fuselage attachment or a nacelle attachment , 
and wherein the plurality of fluid chambers is coupled 
to the first body and the second body ; 

a plurality of inertia tracks , each inertia track disposed to 
place to one fluid chamber of the plurality of fluid 
chambers in fluid communication with another of the 
fluid chambers of the plurality of fluid chambers ; and 

a plurality of elastic energy storage devices coupled to the 
first body and the second body and disposed to isolate 
the vibrations between the first body and the second 
body . 


