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ACTIVE/PASSIVE DISTRIBUTED ABSORBER

FOR VIBRATION AND SOUND RADIATION

CONTROL

CROSS-REFERENCE TO RELATED

APPLICATIONS

This application is a continuation ofUS. Ser. No. 12/731,

545, filed Mar. 25, 2010, now abandoned, which itself is a

continuation-in-part (CIP) application of US. Ser. No.

11/192,433 filed Jul. 29, 2005, now US. Pat. No. 7,573,177,

which is a CIP application of US. Ser. No. 10/429,246, now

US. Pat. No. 6,958,567, which is a CIP of US. Ser. No.

09/294,398, now US. Pat. No. 6,700,304, and the complete

contents of these applications is herein incorporated by ref-

erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a Vibration

absorber and, more particularly, to an actiVe/passiVe distrib-

uted Vibration absorber for controlling Vibration and sound

radiation.

2. Background Description

ActiVe and passiVe noise reduction control techniques are

widely known and commonly used to reduce and/or control

Vibrations and accompanying sound radiation in Vibrating

bodies, such as aircraft and the like. In many instances actiVe

noise reduction techniques adequately reduce Vibrations and

noise, but at the cost of expensiVe and complex control sys-

tems. Similarly, passiVe noise reduction techniques also haVe

been known to reduce Vibrations and noise, but these passiVe

systems are typically bulky and heaVy and are not effectiVe

0Ver low Vibration frequencies.

Basically, actiVe Vibration control systems use a sensor

which detects Vibration or noise from a Vibrating body. The

sensor conVerts the Vibration or noise into a signal and then

inVerts and amplifies the signal. The inVerted signal is then fed

back to an actuator (or loudspeaker) which pr0Vides the

inVerted signal to the Vibrating body thus reducing the Vibra-

tion or noise. ActiVe control systems are typically effectiVe at

lower frequencies such as below 1,000 Hz.

In order to properly take adVantage of actiVe control sys-

tems, the selection ofproper sensors and actuators are critical

to the functionality ofthe actiVe control systems. That is, ifan

improper sensor or actuator is chosen, the actiVe control sys-

tem will not properly inVert and amplify the signal, and will

thus not adequately reduce the Vibration and noise of the

Vibrating body. It is also critical to the functioning of the

actiVe Vibration control system to properly position the sensor

and the actuator on the Vibrating body with respect to one

another, as well as with respect to the Vibrations associated

with the Vibrating structure. For example, ifthe sensor and the

actuator are not positioned properly, the inVerted signal may

not be properly amplified in order to cancel the Vibration on

the Vibrating body. Also, it is Very important to haVe a correct

feedback circuit with is capable of inVerting the signal since

such a circuit determines the effectiVeness of the Vibration

control and its frequency range.

In contrast to actiVe control systems, passiVe damping sys-

tems usually are much less complex and costly. HoweVer,

such damping systems are bulky and are generally only effec-

tiVe at higher frequencies of greater than 500 Hz. It is at these

greater frequencies that the dimensions of the passiVe damp-

ing systems are comparable with the anelength ofthe Vibra-

tion of the Vibrating body.
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It is also common in the practice of Vibration control sys-

tems to combine actiVe and passiVe Vibration systems. How-

eVer, such hybrid actiVe/passiVe dynamic Vibration control

systems pr0Vide impr0Ved attenuation 0Ver that achieVed by

the passiVe system at the expense of the energy added to the

system Via the control force.

Point tuned Vibration absorbers are another method of

damping the Vibration of a Vibrating body. HoweVer, a point

absorber only controls one frequency at one point and is thus

limited in its function to control Vibrations 0Ver a large area of

the Vibrating body.

SUMMARY OF THE INVENTION

It is an object of this inVention to pr0Vide a distributed

actiVe Vibration absorber, and a distributed passiVe Vibration

absorber.

It is another object ofthis inVention to pr0Vide a distributed

actiVe Vibration absorber which includes a sensor for sensing

Vibrations, a mechanism for deriVing a control signal, and a

mechanism to achieVe feed forward and/or feedback control

of the Vibration absorber using the control signal.

According to the inVention, there is pr0Vided a distributed

actiVe Vibration absorber haVing multiple resonances layers.

In one of the embodiments, the first layer includes an actiVe

elastic layer, preferably haVing a low stiffness per unit area.

The second layer is a mass layer, and is adhered to an upper-

most top portion of each aned portion of the actiVe elastic

layer. A resonance layer then comprises a combination of an

actiVe elastic layer and a mass layer. Multiple resonance

layers can then be positioned on top of each other, and these

resonance layers can haVe discretized masses (masses which

are not connected and do not form an integral “layer”) of the

same or Varying sizes and shapes (e.g., ball bearings, thin flat

rectangles, etc .). In another embodiment, the actiVe or passiVe

Vibration layer includes an elastic material such as a foam,

fiberglass, urethane, rubber, or similar material, and the mass

layer is distributed within the elastic material or aflixed to the

surface of the elastic material. The mass layer may be com-

prised ofdiscretized mass sections ofdifferent size, thickness

or shape. In addition, the actuator, such as polyVinylidene

fluoride (PVDF), a piezoelectric ceramic or other electrome-

chanical deVice may be embedded within the elastic material.

The actiVe elastic layer has a low stiffness which allows

motion in the direction perpendicular to its main plane. The

actiVe elastic layer can also be electrically actuated to induce

motion in the direction perpendicular to its main plane. This

additional property permits a controller to induce to and/or

change the motion of the mass layer and therefore impr0Ve

the dynamic properties ofthe whole system. These two com-

bined layers may haVe a selected frequency of resonance

depending on the main structure and the stiffness, and pref-

erably a frequency of resonance close to one of the main

structure.

The actiVe elastic layer may be a curved polyVinylidene

fluoride (PVDF) layer; howeVer, it may also be a piezoelectric

ceramic, a PZT rubber, an electro mechanical deVice and the

like. In addition, the actiVe elastic layer could also be com-

posed of a completely curved PVDF so that the corrugations

completely encircle and become tubular structures support-

ing the mass layer. The actiVe elastic layer includes electrodes

on the surfaces thereof so that the actiVe elastic layer may be

electrically actiVated when a Voltage is applied between the

first and second electrodes. This electrical actiVation creates

an electric field. It is further contemplated that the actiVe

elastic layer can be a piezoelectric material which mechani-

cally shrinks and expands under an influence of the electric
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field. To this end, a distance between two planes on opposing

sides of the mass layer changes when the active elastic layer

mechanically shrinks and expands under the influence of the

electric field.

It is preferable that the mass layer weighs no more than

approximately 10% ofan overall mass ofthe Vibrating struc-

ture, and the thickness of the mass layer is proportional to a

weight per unit area of the Vibrating structure. However, it

should be understood that the mass layer may be more than

10% ofthe overall mass ofthe vibrating structure. It is further

contemplated by the present invention to have a mass layer

which is larger in areas where the vibrating structure has

modal contributions of a large amplitude compared to where

the vibrating structure has modal contributions of a smaller

amplitude.

The mass layer may also have a constant mass with a

constant thickness or a constant mass with a varying thickness

according to modal contributions of the vibrating body. It is

preferable that the mass layer matches locally varying

response properties of the vibrating structure, especially

when the thickness of the mass layer varies.

The mass layer may also may be discretized in the axial

direction of the device in order to facilitate matching of the

varying response of the vibrating structure.

In further embodiments, the active elastic layer includes

sheets of plastic adhered to each side so as to prevent axial

motion of the active elastic layer.

Accordingly, the DAVA can be tuned mechanically and

electrically to reduce unwanted vibration and/or sound. The

first layer is made of active material with low stiffness and

allows the motion of a second layer made ofa dense material.

The layers, which may be multiple layers with multiple reso-

nance frequencies, or multiple discretized layers are designed

to modify globally the repartition ofthe kinetic energy. More-

over, the DAVA ofthe present invention controls the vibration

over an entirety or over a large area of the vibrating structure

over multiple frequencies, and can be electrically activated.

In another preferred embodiment, the invention provides a

vibration absorber for controlling vibration and sound radia-

tion over an extended area of a vibrating structure, compris-

ing: a matrix of at least two masses, wherein a mass is asso-

ciated with a distributed elastic element (such as, e.g.,

polyvinylidene fluoride, piezoelectric ceramic, metal, poly-

mer, electromechanical devices, etc.), wherein distributed

elastic elements are respectively distributed along an area of

the vibrating structure; and the respective masses associated

with the respective distributed elastic elements are spaced

away from said vibrating structure.

In another preferred embodiment, the invention provides a

method of making a vibration absorber, comprising at least

the steps of: identifying frequency to be addressed when the

vibration absorber will be in use for absorbing vibration;

placing a plurality of masses (such as, e. g., masses individu-

ally having weights in a range of about 6-8 grams; etc.) in a

blanket (such as, e.g., a blanket made from a solid material; a

blanket made in layers with at least one mass placed in a layer

at a specific location; etc.) at non-uniform depths and/or

non-uniform mass-to-mass spacing to tune the blanket

absorber to the identified frequency of step (a). Optionally,

the inventive method of making a vibration absorber may

include varying layer thickness and/or layer configuration.

Optionally, the masses may be inserted into the blanket with

a bonding agent. Optionally, the masses may be inserted into

the blanket mechanically. In a preferred example of practic-

ing the inventive method of making a vibration absorber, the

weight ofthe formed vibration absorber including the masses
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is a range of about 300-400 grams per 16 ft2. In making a

vibration absorber, various sized, various weighted masses

may be included in a blanket.

In another embodiment of the invention, the vibration

absorber is constructed from a three dimensional foam mate-

rial, and includes a plurality ofmasses distributed at specified

locations over an x-y dimension of the three dimensional

foam material, and at specified depths in a Z dimension ofthe

three dimensional foam material. The specified locations and

the specified depths the physical or chemical attributes of said

foam material permit dampening of vibrations at specified

frequencies. The three dimensional foam material can be

constructed from a plurality of layers of foam. Masses can be

distributed on different layers (this being akin to different

specified depths in the Z dimension). The masses can be

inserted into openings in the three dimensional foam material,

and be later covered up with a cover material. Alternatively, if

the openings in the three dimensional foam material are in the

form of slits, the slits can simply close over top ofthe masses

without additional covering (in any event, it being understood

that a cover over the mass is not required and is a matter of

design choices). While discussed below as being openings on

a single side ofthe foam material, it should be understood that

the openings can be created on opposite sides of the foam

material. The choice of mass can be wide ranging including

metals (lead, steel, etc.), and non-metal materials (gels, liq-

uids, or fibers, etc.).

In another embodiment of the invention, the vibration

absorber is used as thermal and sound insulation in, for

example, wall or ceiling systems. In this embodiment, a plu-

rality of masses are distributed in acoustic or thermal insula-

tion material that is positioned between, for example,

between studs in a wall or ceiling system used in housing or

commercial buildings. The distribution of the masses can be

performed when making rolls of insulation during manufac-

turing processes, or, alternatively, masses could be blown into

a space together with pieces of insulation material such that

distribution of the masses is achieved simultaneously with

insulating the wall or ceiling system. While wall and ceiling

systems represent an important area of application, it should

be understood that these same concepts could be extended to

providing sound insulation in vehicles (boats, cars, planes,

etc.) and industrial machinery.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages

will be better understood from the following detailed descrip-

tion of a preferred embodiment of the invention with refer-

ence to the drawings, in which:

FIG. 1 shows a schematic of a distributed active vibration

absorber (DAVA) of a first embodiment of the present inven-

tion;

FIG. 2 shows the motion of the active elastic layer of the

DAVA under electrical excitation;

FIG. 3 shows the motion of an active elastic layer of the

DAVA under mechanical excitation;

FIG. 4 shows a schematic ofa connection to an electrode of

the DAVA;

FIG. 5 shows the experimental setup used to measure the

performance of the DAVA compared to a point absorber;

FIG. 6 shows the results of a test rig shown in FIG. 5 with

a 6" distributed absorber (not activated) of 100 g weight, a

point absorber of 100 g weight, and a distributed mass layer of

100 g weight;

FIG. 7 shows a graph representative of the results of the

simulation set up of FIG. 5;
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FIG. 8 shows an active control experiment perforrnedusing

the DAVA of the present invention;

FIG. 9 shows a layout of a controller and test rig used with

the present invention;

FIG. 10 shows results ofan active control experiment with

a constant mass distribution DAVA;

FIG. 11 shows the DAVA with optimally varying mass

distribution; and

FIG. 12 shows a cross-sectional view of a vibration

absorber having mass layers with masses of varying thick-

nesses;

FIG. 13 shows a cross-sectional view of a vibration

absorber having mass layers of discretized masses (not inte-

gral as is shown in FIG. 12), again with masses of different

thicknesses at different locations;

FIG. 14 shows the DAVA with a perforated mass layer

which allows vibratory sound or other vibratory input on the

side ofthe DAVA opposite the structure undergoing damping

to penetrate into the elastic layer, and be damped using the

combination of the elastic layer and mass layer, and, addi-

tionally, the structure of FIG. 14 can be used to reduce

unwanted sound radiation from the top mass layer;

FIG. 15 shows a cross-section of a vibration absorber hav-

ing discretized masses of different sizes and shapes in differ-

ent mass layers;

FIG. 16 shows a mass layer supported by an active or

passive spring layer comprising PVDF or elastic material

arranged in tubes;

FIG. 17 shows a cross-sectional view of an exemplary

heterogeneous blanket according to the invention (see

Example I);

FIG. 17A shows an enlarged view of part of FIG. 17;

FIG. 18 shows a cross-section view ofan inventive blanket

(see Example II);

FIGS. 19 and 19A show cross-sectional views of inventive

blankets (see Example III);

FIG. 20 shows various examples of inventive HG blankets

(see Example IV);

FIGS. 21a-c show side views of exemplary materials that

have embedded masses therein, and which have at least one

surfaces that is wavy, contoured, or jagged;

FIGS. 2211-!) show cross-sectional side views of an HG

blanket material which includes both an embedded thin mass

layer and embedded HG masses;

FIG. 23 shows a wall system which includes embedded

masses positioned in acoustic or thermal insulation material;

FIG. 24 shows a ceiling system with includes embedded

masses in acoustic or thermal insulation material; and

FIG. 25 schematically shows a system for blowing in

acoustic or thermal insulation material, together with masses

that will be embedded therein, into wall or ceiling systems.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS OF THE INVENTION

An exemplary distributed active vibration absorber

(DAVA) of the present invention is preferably limited to the

mass that can be used to damp a structure under vibration.

Typically, the DAVA ofthe present invention does not weigh

more than 10% of the overall mass of the structure; however,

in applications the DAVA may weigh more than 10% of the

overall mass of the structure. For the area with the most

motion and therefore with potentially large modal contribu-

tions, the mass ofthe DAVA is expected to be larger compared

to an area with small motions. Also, the efficiency of the

DAVA is larger if the local resonance of the distributed

absorber in this area is close to the excitation frequencies of
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the disturbance. For the other areas, the resonance frequency

might be higher than this excitation or lower than this exci-

tation. Locally, the DAVA has approximately the same reso-

nance frequency as a known point absorber such that the mass

allocated locally is a fraction of the total mass and for this

reason the local stiffness is a fraction of the global stiffness.

The DAVA of the present invention is a distributed system

which controls the vibration over the entire or large area ofthe

vibrating structure over multiple frequencies, and preferably,

in some applications, can be electrically activated.

FIG. 1 shows a schematic of a distributed active vibration

absorber (DAVA) of a first embodiment of the present inven-

tion. In the preferred embodiment, the design of the present

invention follows a two layer design. The first layer 14 is an

active elastic layer with low stiffness per area that can be

electrically activated, and is preferably polyvinylidene fluo-

ride (PVDF) having a thickness of 10 pm. The first layer 14

may also be a piezoelectric ceramic, a PZT rubber, metals, an

electro mechanical device and the like. The active elastic

layer 14 may also be an elastic material, as identified by

dashed lines 15 (e.g., foam) with embedded electrical actua-

tors (e.g., the layer 14). Almost any material, e.g., acoustic

foam, rubber, urethane, acoustic fiberglass, can be used, and

the electrical actuators may be PVDF, PZT rubber, metals

(those having spring like qualities such as spring steel), poly-

mers (those having elastic or spring like qualities such as

plastic), piezoceramics, or other electrical mechanical

devices.

An active elastic layer 14 will be used hereinafter through-

out the specification for illustrative purposes. However, it is

well understood that any of the above-referenced materials

and other materials or multiple layers ofmaterials well known

in the art of vibration control may be equally implemented

with the present invention. Moreover, for clarity purposes,

like numerals will be used for like elements throughout the

remaining portions of the specification.

Still referring to FIG. 1, the active elastic layer 14 is pref-

erably curved (e.g., waved surface) to increase the amplitude

of motion and decrease the stiffness of the system. In the

embodiments ofthe present invention, the active elastic layer

14 is lightweight and resistant to bending, and preferably has

the same design characteristics as corrugated cardboard. The

second layer 16 is a distributed mass layer (e.g, absorber

layer) which may have a constant thickness and may be

comprised of a thin sheet of lead. It is well understood, how-

ever, that the mass distribution of the mass layer 16 may

include varying masses or discretized masses of general

shapes within the mass layer 16 along the entire or large area

ofthe structure 12, and other appropriate thin sheet material,

such as, steel, aluminum, lead, composite fiberglass material

and the like may be used when practicing the present inven-

tion. In the embodiments using the varying mass distribution,

the varying mass distribution will alter the local properties of

the DAVA to ideally match the locally varying response prop-

erties of the base structure. It is also well understood that the

DAVA is not limited to a two layer system ofan active elastic

layer and a mass layer, but may be a multiple layered system

using the inventive concepts described herein, for example, a

three or more layered system having at least one active elastic

layer and at least one mass layer.

The mass layer 16 is designed to weigh 10% of the struc-

ture 12, and the thickness of the mass layer 16 depends

directly on the weight per unit area of the structure 12. For

example, for a steel beam or plate, the maximum thickness of

a uniform lead layer can be easily calculated, neglecting the

weight of the active elastic layer 14 as follows:
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hm/hp:(pl/pm)*10%:78000/l1300*10%:7%

Thus, for a steel beam of 6.35 mm, the maximum thickness

of the mass layer 16 of the DAVA ofthe present invention is

0.44 mm. This is assuming that the DAVA covers the entire or

large area ofthe surface ofthe structure 12 (e.g., beam). With

this weight limitation, the active elastic layer 14, such as the

curved PVDF layer, should be provided with a very low

stiffness. This is especially true for the control oflow frequen-

cies. For example, with a 1 mm thick mass layer 16 (made of

lead), the stiffness of a 2 mm thick active elastic layer 14 is

9e+5 N/m in order to obtain a design resonance frequency at

1000 HZ. However, as previously discussed, the DAVA is

capable of controlling the vibration over the entire area or

over a large area of the vibrating structure over multiple

frequencies.

As briefly discussed above, it is well understood that fur-

ther embodiments of the present invention may include mul-

tiple layers of active elastic layers 14 and mass layers 16. By

way of example, at least two active elastic layers 14 may be

alternately stacked with at least two mass layers 16. In the

further embodiments, each active elastic layer 14 may tuned

separately and each mass layers 16 may have a different mass

in order to control different frequencies ofthe vibrating struc-

ture. Ofcourse, the embodiments ofthe present invention are

not limited to the above illustrative example, and may equally

include more or less active elastic layers 14 (tuned to control

different frequencies) and include more or less mass layers 16

(having different masses).

Preferably, on each side of the actuator, e. g., active elastic

layer 14, are two thin layers of silver which act as electrodes

15. When a voltage is applied between these electrodes 17

(which can be placed anywhere on the active elastic layer-

preferably on opposite sides thereof), an electric field is cre-

ated within the active elastic layer 14. The active elastic layer

14 is preferably a piezoelectric material which mechanically

shrinks and expands under the influence of an electric field.

FIG. 2 shows the motion ofthe active elastic layer 14 under

electrical excitation. FIG. 2 may alternatively represent

points where the active elastic layer 14, shown in FIG. 1, is

glued with epoxy on two thin sheets of plastic 18 and where

it contacts the structure 12 and mass layer 16 (which can be

lead or other suitable material). The two sheets of plastic 18

on both sides of the active elastic layer 14 prevent any axial

motion. Line 30 represents the active elastic layer 14 at rest

and line 32 represents the active elastic layer 14 when —V is

applied. Furthermore, line 34 represents the active elastic

layer 14 when +V is applied. As seen clearly from FIG. 2, the

length ofthe active elastic layer 14 changes when a voltage is

applied to the active elastic layer 14, and as a consequence,

the distance changes between the two planes on each side of

the mass layer 16. The design of the DAVA transforms the

in-plane motion of the active elastic layer 14 into the out-of-

plane motion ofthe active elastic layer 14. FIG. 2 exaggerates

the manner in which the shape of the active elastic layer 14

might bend under different stress configurations and, in fact,

the motions ofthe active elastic layer 14 are small and are thus

assumed linear.

For simplicity in analysis, it should be understood that the

corrugated member, e. g., active elastic layer 14 (see FIG. 1),

constitutes a plurality of springs. These are easily compressed

without the mass 16, but once the mass 16 is applied, they are

not easily compressed. Moreover, the mass 16, once applied,

is then distributed over a plurality of springs.

FIG. 3 shows the motion ofthe active elastic layer 14 under

mechanical excitation. Specifically, line 40 represents the

active elastic layer 14 at rest and line 42 represents the active
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elastic layer 14 when a negative load is applied thereto. Fur-

thermore, line 44 represents the active elastic layer 14 when a

positive load is applied thereto. When the DAVA is con-

strained by mechanical forces, the length ofthe active elastic

layer 14 does not change; however, the shape of the active

elastic layer 14 is modified. It is noted that the bending stiff-

ness of the mass layer 16 is not taken into account in the

simulation since the shear of the mass layer 16 is neglected.

It is of import to note that the stiffness per unit area is low;

however, the stiffness of the entire DAVA distributed over an

extended area of the vibrating structure is high. It is also

important to note that the stiffness (and mass) and thus reso-

nant frequency of the DAVA may be adjusted depending on

the particular application ofthe DAVA; however, the bending

stiffness depends on the spatial wavelength and amplitude of

the corrugated part of the active elastic layer 14 such that a

larger wavelength reduces the bending stiffness in the normal

direction. It is further noted that the bending stiffness of the

DAVA in the perpendicular direction is extremely high and is

preferably similar to a honeycomb structure. Moreover, the

transverse stiffness ofthe DAVA is locally small, and globally

the DAVA has the same stiffness as a point absorber with

similar mass. Thus, the DAVA is globally very resistant to

crushing although an individual sheet of the active elastic

layer 14 is very flexible.

The transversal stiffness and thus the resonant frequency of

the active elastic layer 14 can be adjusted by the height ofthe

active elastic layer 14, the wavelength ofthe corrugated active

elastic layer 14, the thickness of the active elastic layer 14,

and the electric shunt between the electrodes of the active

elastic layer 14. Specifically, increasing the thickness of the

active elastic layer 14 reduces the transversal stiffness of the

DAVA. In order to have a device conformal to the extended

area ofthe vibrating structure (as is in the present invention),

this thickness cannot be increased very much. The second

parameter that can be modified is the wavelength ofthe active

elastic layer 14 such that a larger wavelength decreases the

transversal stiffness ofthe active elastic layer 14. This param-

eter change is also limited since the wavelength should stay

small in comparison to the wavelength of the disturbance,

otherwise the DAVA may loose its distributed properties.

The thickness of the active elastic layer 14 is another

parameter that can be adjusted in order to affect the stiffness

of the DAVA. For example, a thinner active elastic layer 14

will lower the stiffness of the active elastic layer 14. The last

solution to modify the transversal stiffness of the active elas-

tic layer 14 is to use the piezoelectric properties of the active

elastic layer 14. For example, electric shunts can provide

slight changes in stiffness ofthe active elastic layer 14. Thus,

when an active input is provided to the active elastic layer 14,

the active elastic layer 14 can be controlled to behave as if its

mechanical stiffness was smaller or larger.

The DAVA can be prepared by cutting a PVDF sheet, or

other similar sheet as described above, along its main direc-

tion (PVDF has a direction in which the strains will be greater

under active excitation, and this direction is the main vibra-

tion direction of the absorber and based structure). Then,

preferably 1 to 2 mm ofthe silver electrodes are removed on

the edge of the PVDF sheet. In the preferred embodiments,

acetone is a very good solvent for removing the silver elec-

trodes 17. The third step is to install a connector linked to each

electrode 17. FIG. 4 shows a schematic of a connection to an

electrode of the DAVA. Specifically, two areas at one end of

the active elastic layer 14 are selected to support a rivet 20.

These areas should have an electrode 17 only on one side

thereof. One electrode 17 is removed for each area so that the

rivet 20 will only be in contact with one electrode 17. A hole
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slightly smaller than the diameter ofthe rivet 20 is cut in these

areas, and a top ofeach rivet 20 is soldered to a wire 22 so that

it can be properly positioned using riveting pliers. In embodi-

ments, an additional piece of plastic 24 can be placed on the

backside of the active elastic layer 14 in order to provide a

more robust connection. The rivet 20 is then placed in the rivet

holes using riveting pliers known in the art. An additional

wire (not shown) is connected to the other electrode and the

two wires are then soldered to an electrical connector. The

precision with which this connection is built is important,

since very high voltages can drive the PVDF active part ofthe

DAVA. It will be understood by those of skill in the art that

many other forms ofelectrical connection may be used within

the practice of the present invention.

The active elastic layer can be corrugated to suitable speci-

fications given the structure whose vibrations are to be

damped. This can be accomplished in a number ofways. One

preferred method contemplates setting the PVDF between a

set of calibrated steel pins and holding it in place for a period

of days. Plastic sheets (not shown) may be adhered to either

side (top and bottom) of the PVDF for ease in adhering the

PVDF to the structure whose vibration is to be damped, and in

adhering the mass to the PVDF (e.g., glue or other suitable

joining material can be applied uniformly to plastic sheets

after the sheets are affixed to the corrugated structure. In

addition, the plastic sheets may serve to electrically isolate

the PVDF from the vibrating structure and/or applied mass.

Also, the corrugated PVDF might be positioned within a

foam or other elastic material. This can be accomplished by

depositing elastic material on the surfaces of the PVDF, and

or inserting the PVDF into an elastic material. As explained

above, alternative actuator materials may also be employed

instead of PVDF (e.g., metals, piezo ceramics, etc.). The

PVDF may also be completely curved so that the corrugations

encircle themselves so as to form tubular structures which

support the mass. In some passive applications other materi-

als such as plastic or spring steel can be used to construct the

tubes as in a corrugated spring layer.

FIG. 5 shows the experimental setup used to measure the

performance ofthe DAVA compared to a point absorber. This

same experiment is also aimed at tuning and validating the

simulation.A noise generator 40 provides a white noise signal

of frequency band of0 to 1600 Hz. This signal is then ampli-

fied at amplifier 42 and passed through a voltage step-up

transformer 44. The output of the transformer 44 is used to

drive the PZT which then actuates a supported beam. A laser

velocimeter 46 measures the normal velocity along the beam,

and its output is acquired by a data acquisition system 48

(e.g., a personal computer, acquisition card and associated

software). A personal computer 50 is then used to post-pro-

cess the data.

FIG. 6 represents the mean square velocity of the beam.

This data can be associated to the average kinetic energy of

the beam, and is computed by summing the squared velocities

of every point and by dividing by the number of points (e. g.,

23). The mean square velocity is normalized per volt of exci-

tation, and is presented from 100 Hz to 1600 Hz. This fre-

quency band does not include the first mode of the beam,

which is at 40 Hz. All of the lines of FIG. 6 except line 50

show vibration control systems having the same mass (e.g.,

local and distributed absorbers have 100 g). Line 50 repre-

sents the measurement ofthe beam alone such that the second

to the sixth mode of the beam can be observed in order. The

line 52 represents the behavior ofthe beam with a 100 g point

absorber. The resonance frequency ofthis absorber is 850 Hz,

and will have an effect on the fifth mode. This mode is split in

two resonances with smaller peak values. Note that while the
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point absorber reduces the vibration at its attachment point, it

actually increases the mean squared velocity of the beam.

With a better tuning (resonance frequency of the absorber at

1000 Hz) these peak values would be slightly moved to the

right of the axis and centered around 1000 Hz. The line 54

represents the behavior of the beam with the DAVA. In this

experiment, the DAVA is used as a passive device. The attenu-

ation provided by the DAVA can be seen to be different from

the point absorber. At nearly all frequencies the DAVA pro-

vides better global attenuation of the beam vibration than the

point absorber, especially at the modal resonance peaks.

Similar results are shown in the simulation set up of FIG. 7.

The lines 50, 52, 54 ofFIG. 6 are the same as lines 50,52, 54

ofFIG. 7. Significant reduction is also achieved for the third,

fourth and sixth mode. Note that the point absorber achieves

very small reduction in comparison. The added mass denoted

by line 55 in FIG. 6 and line 55 in FIG. 7 demonstrates only

a slight change in the resonance frequencies and adds only a

little damping.A distributed mass ofthe same weight does not

provide nearly as much vibration attenuation as the DAVA. As

can then be seen, the DAVA works by using a dynamic effect

(reactive force) to control the beam vibration similar in con-

cept to the point absorber, but over a distributed area, hence its

improved performance.

The simulation of FIGS. 6 and 7 show clearly the differ-

ence between the two types of absorbers, e.g., point absorber

and the DAVA ofthe present invention. For example, the point

absorber is very efficient at reducing the response at a single

frequency and at a single point on the vibrating structure. The

energy is just moved to different frequency bands and two

new resonance are created. However, the DAVA does not have

this drawback, and the mean squared vibration energy of the

beam is diminished for all the resonance frequencies of the

beam and there is no new appearance of resonance. Thus, the

DAVA is potentially able to control several modes at a time at

different frequencies. This property might be extremely use-

ful for the damping of modally dense structures such as

plates.

FIG. 8 shows an active control experiment performedusing

an exemplary DAVA of the present invention. The control

system employs three accelerometers 60 as error sensors,

pass-band filters 64, and a feed forward LMS controller 62

(implemented on a C40 DSP board). The vibration measure-

ments are again performed with the laser velocimeter 46. The

disturbance is again white noise generated by the same DSP

used to implement the controller 62. The controller 62

attempts to minimize the error sensor signals by controlling

the beam with the active part of the DAVA. All the inputs and

outputs ofthe controller are filtered with band pass filters 64.

The control algorithm is the LMS algorithm which is well

known in the field ofvibration control and which optimizes a

set of N adaptive filters in order to minimize an error signal

knowing a set of inputs. The algorithm can be used to model

a linear system. A gradient method is used to find the opti-

mum weight to be associated with the N past values of the

system inputs. The error signal used for the gradient search is

the difference between the real output of the system and the

output of the adaptive filter.

FIG. 9 shows a layout of a controller and test rig to test the

performance ofthe DAVA. In this experiment, the disturbance

signal is also used as the reference signal and has to be filtered

by estimate of the transfer function between the DAVA and

each error sensor (accelerometers) 60 of FIG. 8. These trans-

fer functions are obtained by system identification using the

LMS algorithm, and the controller software minimizes the

vibration at the error sensor locations using the active input on
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the DAVA. The different parameters for this active control

experiment are presented in Table 1.

TABLE 1

 

Table 1: Parameters for Active Control

 

Error Sensors 3

Active Absorbers l

Disturbances PZT Patch

Reference Internal

Sampling Frequency 5000 Hz

System ID filter coefficients 120

Control Path Filter Coefficients 180

 

The error sensors 60 were respectively positioned at —7.5",

—l.5", and 5.5" from the center of the beam. Vibration mea-

surements were performed using the laser velocimeter every

inch of the beam (e.g., 23 points overall).

The mean square velocity is computed from summing the

square ofthe velocity amplitude ofresponse at each point and

taking the mean. The mean squared velocity is thus propor-

tional to the total energy of vibration in the beam and is

presented in FIG. 10. Specifically, FIG. 10 shows the active

control experiment with the DAVA of the present invention

(constant mass distribution). The line 70 represents the

behavior of the beam with no devices attached to it and thus

represents a baseline for comparison. The line 72 represents

the behavior ofthe beam with a DAVA attached and acting as

a passive device (i.e. no control signal applied). The results

for the passive DAVA show good attenuation ofthe total beam

energy at all the resonance frequencies The reduction in mean

square velocity obtained in this passive configuration is 10 dB

for the frequency band of 100-1600 Hz. The results thus

illustrate the two key passive aspects ofthe DAVA; control of

vibration throughout the complete beam and control at mul-

tiple frequencies simultaneously. This should be contrasted to

a conventional point vibration absorber which typically only

controls vibration at one point and a single frequency. With

the active control on, an additional 3 dB attenuation in mean

squared velocity is obtained. The behavior of the beam con-

trolled actively by the DAVA is presented by the line 74. The

performance ofthe active system is very good at reducing the

resonance peaks, for example, a 20 dB reduction is obtained

at 600 Hz which is the most important peak before control. In

between resonances, the active control increases the vibration

(termed control spillover), which can be easily corrected by

using a better controller and more error sensors. With the

active control on, the structure has a non-resonant behavior,

and the DAVA adds a significant damping to the system. No

active control is obtained below 400 Hz due to the response of

the PVDF and of the absorber itself. Other active elements

such as electromagnetic actuators would lower this opera-

tional active frequency.

In order to increase the efficiency of the DAVA, the mass

distribution is optimized. That is, in order to provide an

increased attenuation, the mass layer 16 will preferably vary

along the length of the entire or large area of the beam. The

varying mass distribution will alter the local properties ofthe

DAVA to ideally match the locally varying response proper-

ties of the base structure. However, because the beam/DAVA

response is complicated along the beam it is sometimes nec-

essary to derive an optimal process for choosing the mass

distribution.

FIG. 11 shows the DAVA with optimally varying mass

distribution. The sign on top of each part of the DAVA refers

to the polarity of the elastic PVDF sheet 14 in respect to the

piezoelectric drive patch (the disturbance). It is noted that the
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beam response used in the optimization procedure is strongly

dependent upon the disturbance location, and that the maxi-

mum reactive dynamic effect of the DAVA occurs in direct

opposition to the disturbance. The thickness ofthe mass layer

16 may be varied, while the mass remains constant. The mass

variation may be as a continuous element or in discrete sec-

tions as illustrated in FIG. 11.

In another configuration the multiple mass resonance lay-

ers with varying mass layer properties can be used. FIG. 12

shows one arrangement of such a system with two resonance

mass layers 150 and 152 embedded in foam as a spring

material 154. It is understood that the mass layers can be

continuous or in discrete sections. Such a device has the

advantage of two resonances and thus a broader frequency

range of vibration control. FIG. 12 shows the mass layer 150

having larger thicknesses at locations where mass layer 152 is

relatively thinner. Varying the thickness ofthe mass layer 150

or 152 will provide the vibration absorber with different reso-

nance characteristics, and varying the thickness of the mass

layer 150 and 152 relative to one another at the same relative

location in the Z axis can allow two different resonances to be

simultaneously addressed.

In another configuration shown in FIG. 13 the mass layers

160 and 162 and 164 are segmented and are located at differ-

ent depths in the spring material 166 such as foam. The

different depths alter the stiffness of the spring material sup-

porting each mass. Such an arrangement leads to multiple

resonance frequencies of the devices due to the multiple

depths and thus spring rates at which the masses are embed-

ded. The multiple resonance frequencies lead to a very broad-

band of frequencies over which the device is effective. It is

noted that the embedded discretized masses can be of any

general shape. In addition different materials described above

can be used for the spring system (e.g., rubber, fiberglass

batting, spring metal, urethane, or the like) FIG. 13 shows that

many different mass layers can be used, the mass layers can

be discretized (i.e., segmented), and the mass layers can have

segments which are of different thicknesses. These layers

160, 162, and 164 can be made in a controlled fashion for

tuning at specific frequencies at specific locations, but more

preferably, canbe applied in a random fashion so as to achieve

a vibration absorbing device suitable for multiple resonance

frequencies. In addition, the device shown in FIG. 13 can be

used in both active and passive vibration control systems as

discussed below.

In variations on the embodiments shown in FIGS. 12 and

13, active elements such as curvedpiezoelectric polymers and

ceramics as well as electromagnetic actuators can be embed-

ded in the spring material to apply active forces to change the

motion of the mass elements. Such a device will have

improved performance when used in conjunction with an

electrical control approach as discussed previously. In par-

ticular, the active control, coupled with the varying masses at

one or more levels within the elastic layers, will allow for

significantly improved vibration damping in many applica-

tions.

FIG. 14 shows another embodiment ofthe device where the

mass layer 170 consists of perforated material (e.g., perfo-

rated lead or steel, etc). With such an arrangement the vibra-

tion absorber is also able to absorb acoustic waves incident on

its surface that propagate through the perforations 172 as well

as control vibrations of the base structure under the elastic

material 174. This embodiment prevents the mass layer 170

from acting like an acoustic source (i.e., in some applications,

a integral “layer” for the mass will transmit acoustic signals

from the damped structure which emanate through the elastic

material to the ambient environment). Furthermore, vibra-
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tions or acoustic signals from the ambient environment might

also pass through the perforations and be damped by the

Vibration absorber in addition to the Vibrations from the struc-

ture (underlying elastic layer 174) which are damped by the

Vibration absorber. As discussed above in conjunction with

FIGS. 12 and 13, the configuration of FIG. 14 can be used

with both active and passive devices (active devices being

those which includes embedded PVDF or piezo ceramics or

other materials which can expand or contract under an applied

Voltage; passive devices simply including the mass layer 172

and elastic material 174 (but which can also have embedded

spring material (e.g., metals, etc.))). Furthermore, the con-

figuration of FIG. 14 may also be used in combination with

embedded discretized masses at one or more planes within

the elastic material as is shown in FIGS. 13 and 15, and the

discretized masses may Vary in size, shape and weight.

FIG. 15 shows a Vibration absorber with embedded dis-

cretized mass layers 180 and 182 in an elastic material 184.

FIG. 15 illustrates the use of masses of different sizes and

shapes. These can be randomly distributed for achieving

damping of a wide range of resonance frequencies, or they

can be applied in a prescribed pattern to tune the frequency

response at specific locations in the Vibration absorber to

specific frequencies. Some ofthe masses may be ball bearing

type spheres, while others may be flat thin rectangles. The

shape of the mass will influence the responsiveness to differ-

ent Vibration frequencies in different ways which are control-

lable as desired by the fabricator.

The Vibration absorbers shown in FIGS. 12-15 canbe made

by a Variety of techniques, the simplest of which involves

applying a layer of foam, depositing a layer of integral or

discretized masses, followed by repeating the foam and mass

layer process several times. Alternatively, the mass layers

may be embedded within the elastic material during fabrica-

tion of the elastic material. Alternatively, the elastic material

may be cut at selected locations and the mass sections inserted

into the elastic material Via the cut. Once inserted the elastic-

ity of the material holds the mass in position and closes the

cut.

FIG. 16 shows a DAVA or Vibration absorber in which the

active spring layer consists of tubes 190 of PVDF or plastic

like material or the like, respectively for active or passive

applications. Since the tubular shape is a full extension ofthe

curved corrugation shapes and retains the curvature along the

plane of the absorber, electrical activation will still provide

normal active inputs to the mass. However, with the tubular

structure, the diameter of the tubes can be more easily

adjusted and sized to provide damping ofthe DAVA or vibra-

tion absorber due to Viscous losses of fluid being pumped in

and out of the tubes. Inventive Vibration absorbers (such as a

Vibration absorber comprising a matrix ofat least two masses,

wherein a mass is associated with a distributed elastic ele-

ment, wherein distributed elastic elements are respectively

distributed along an area of the Vibrating structure; and the

respective masses associated with the respective distributed

elastic elements are spaced away from said Vibrating struc-

ture) optionally may comprise an elastic material (such as,

e.g., acoustic foam, acoustic fiberglass, fiberglass batting,

distributed spring material, urethane, rubber, etc.) with the

distributed elastic element being embedded within said elas-

tic material. Examples of inventive Vibration absorbers are,

e.g., a Vibration absorber comprising elastic material that is

rubber and a distributed elastic element that is polyVinylidene

fluoride and a Vibration absorberwherein said elastic material

is solid urethane and said distributed elastic element is poly-

Vinylidene fluoride. Inventive Vibration absorbers optionally
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may comprise distributed elastic element having a waved

shape along at least one dimension.

In the inventive Vibration absorbers, the mass may be

adhered to a surface ofa distributed elastic element used in the

Vibration absorber. A mass used in an inventive Vibration

absorber optionally may be comprised of distributed discrete

mass sections. Where two discrete mass sections are used in

a Vibration absorber, optionally at least two of said discrete

mass sections are, with respect to each other, at least one of:

different in size, different in shape, and different in thickness.

In a Vibration absorber in which discrete mass sections and

elastic material are used, the discrete mass sections may be

embedded within the elastic material, such as the discrete

mass sections being embedded within the elastic material in

at least two different planes. In a Vibration absorber in which

discrete mass sections and elastic material are used, the dis-

crete mass sections may include at least one mass section on

a surface of the elastic material and another mass section

embedded within the elastic material. In a Vibration absorber

in which two discrete mass sections and elastic material are

used, the two discrete mass sections may be embedded within

the elastic material at different planes. In a Vibration absorber

in which two discrete mass sections and elastic material are

used, a first discrete mass section may be present on a surface

ofthe elastic material, and a second discrete mass section may

be embedded within the elastic material.

A distributed elastic element used in a Vibration absorber

may include one or more tubular elements. Tubular elements

may be composed of, e.g., polyVinylidene fluoride (PVDF),

metals, plastic, etc.

A mass used in a Vibration absorber may be perforated. For

example, perforations may be included in a mass in an

amount of perforations in the mass sufficient to reduce or

eliminate sound Vibrations from emanating from a top of said

mass layer; in an amount ofperforations in the mass sufficient

to permit sound from an ambient environment to penetrate

into said distributed elastic element through said mass layer;

etc.

A mass used in a Vibration absorber may be comprised of

metal (such as, e.g., lead, steel, etc.), plastic, ceramic, glass,

fiber, carbon, solids, gels, fibers; etc. When more than one

mass is used, such as two or more masses used in a matrix, the

masses may be the same or different.

An exemplary structure for an inventive Vibration absorber

is a structure comprising a matrix of a plurality of masses,

such as, e.g., a matrix comprising masses of one or more

geometric regular shapes; a matrix comprising masses ofone

or more irregular shapes; a matrix comprising different

depths of mass placement and/or different mass-to-mass

spacing.

Further examples are set forth below for better appreciating

the invention, but the invention is not limited to the examples.

Referring to the Examples below, inventive heterogeneous

(HG) blankets for Vibration and acoustic control are dis-

cussed.

The inventive blankets ofExamples I-V can be used in any

application in which acoustic damping or Vibration damping

materials are used. The inventive blankets may be used in

place of existing melamine/polyurethane foams convention-

ally used in commercial and industrial noise control (which

conventional acoustical foams are used solely as absorbent

materials to reduce reflection and reverberation). Advanta-

geously, the inventive HG blankets of Examples serve mul-

tiple purposes, including but not limited to: reducing struc-

ture-bome vibration, providing transmission loss, and

reducing reverberation.
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In a further embodiment of the invention the HG blanket

includes an elastic material with at least two masses embed-

ded in the material at various locations and depths, and one or

more continuous thin layers of material embedded in the

elastic material at various depths. The continuous layer of

material can be selected from one of the following material

systems such as limp mass barrier, thin elastic metal plate,

thin polymer plate or a combination of these. The thin con-

tinuous may be segmented at periodic lengths but these

lengths are far longer than the thickness of the continuous

layer. In this embodiment, one can construct a free hanging

HG blanket which can be suspended in space with no sup-

porting structure. The embedded masses then act upon the

embedded thin layer to improve its sound transmission loss.

We have tested such arrangements with good results. The

previous acoustic or vibration damping configurations

needed a structure to which it was attached (like an aircraft

fuselage). This free standard version contemplated by this

embodiment thus integrates this structure into it.

In a further embodiment ofthe invention, the HG blanket is

positioned in, for example, wall or ceiling structures ofhomes

and commercial buildings, inside the housing of industrial

machinery or other equipment, or inside of doors, wings,

hulls, and other parts of water, land or air vehicles to serve as

an acoustic barrier. The HG blanket can be made ofcommer-

cial thermal or acoustic insulation material, and will have

embedded masses distributed therein. The masses can be

distributed during fabrication of rolls of insulation material

and can be distributed at one more depths, or simply distrib-

uted randomly during fabrication. The masses can be of dif-

ferent sizes, weights, and shapes. In a specific variation on

this embodiment, the masses could be blown into place

together with the insulation material such that the masses are

simultaneously randomly distributed together with the instal-

lation of the insulation material in the wall or ceiling struc-

tures, or other structures as mentioned above.

EXAMPLE I

Referring to FIGS. 17 and 17A, the HG blanket of this

Example I comprises layers 171, 172, 173, and 174 of foam

with masses 179 positioned on top of one or more of each of

the layers. (A four-layer blanket is shown in FIGS. 17 and

17A, but it should be appreciated that other numbers oflayers

greater or less than four layers may be used in a blanket

according to the invention.) Layers 171, 172, 173, and 174 are

attached to each other by bonding methods or agents such as

by gluing, foaming, etc. Layers 171, 172, 173, and 174 may

be of the same or different thickness(es). Layers 171, 172,

173, and 174 are of specified thickness and number related to

the depth of the masses 179. The same or different foam

materials can be used in each layer 171, 172, 173, and 174.

Different acoustic materials such as fiberglass batting can be

used in place of foam in one or more of the layers 171, 172,

173, and 174.

An interface bonding agent may be used such as interface

bonding agent 178 between layers 172 and 171. Referring to

foam at point 177, the foam can be completely touching the

mass 179 over the whole surface or partially touching the

mass 179.

EXAMPLE II

Referring to FIG. 18, in Example II, the HG blanket com-

prises masses 189 located at specified depths and locations.

Depths at which to place the masses are determined by

designing the embedded masses 189 to resonate at target
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frequencies, taking into account stiffness of the material 181

(such as foam, fiberglass batting, etc.) and weight ofthe mass

189. Location at which to place the mass 189 is determined

based on target mode shapes. Stiffness of the material 181

(such as foam stiffness) is either measured or calculated.

Depth of the mass 189 determines resonance frequency of

that mass 189. Location determines modal shape ofthe struc-

ture to be controlled. For a designed blanket, a set oflocations

and depths are specified for multiple embedded masses 189.

EXAMPLE III

Referring to FIGS. 19 and 19A, in this Example III the

inventive HG blanket comprises layers ofan acoustic material

191 (such as foam, fiberglass batting, etc.) with masses 199

positioned in holes 192 cored out ofthe foam. Plugs 193 made

ofan acoustic material (such as foam, fiberglass batting, etc.)

are then placed in the core to hold the masses 199 in place. A

bonding method, such as gluing, foaming, etc., is used to hold

the core in place. FIG. 19A shows the finished HG blanket

1999 which has been formed by coring out holes 192; insert-

ing masses 199; and inserting plugs 193 and fixing the plugs

193 in place. FIG. 19 shows an earlier step in the making of

the completed blanket 1999 of FIG. 19A.

In an alternative approach, the acoustic material 191 (such

as foam, fiberglass batting, etc.) is cut in a slit and the mass is

inserted in the slit to the required depth (i.e., no plug is

required). A bonding method such as gluing, foaming, etc., is

used to close the slit and hold the mass in place.

EXAMPLE IV

Referring to FIG. 20, an inventive HG blanket may com-

prise circular, curved sections, rectangular and box shaped

HG blankets as non-limiting examples. Circular HG blanket

200C includes embedded masses 209 and an acoustic mate-

rial 201 (such as, e.g., foam, etc.). Curved section HG blanket

200V includes masses 209 and acoustic material 201. Rect-

angular HG blanket 200R includes masses 209 and acoustic

material 201. L-section HG blanket 200L includes masses

209 and acoustic material 201. Box section HG blanket 200B

has a hollow interior and includes masses 209 and acoustic

material 201.

EXAMPLE V

Referring to FIG. 21, an inventive HG blanket comprising

embedded masses 219 and acoustic material 211 (such as,

e.g., foam, fiberglass batting, etc.) may comprise different

shaped surfaces such as ridges, curves, wavy lines, and peaks

(e.g., single peaks or multiple peaks). The HG blanket may

also include andbe combinedwith Examples I through IV. An

example of a curved or wavy surface is surface 212. An

example of a saw-toothed surface is surface 213. An example

of a wedge is single wedge 214.

Examples I-V are non-limiting examples. A variety of

matrices comprising acoustic material and embedded masses

may be designed and constructed. In constructing a matrix

comprising acoustic material and masses that will have

intended vibration absorbing effect, various shapes may be

used for the masses, for example, balls, disks, plates, or other

geometric regular or irregular shapes. The masses may be the

same shape or different shapes. The masses may be the same

size or different sizes, and may be the same weight or differ-

ent weights. Examples of materials ofwhich to construct the

masses are, e.g., metal, plastic, ceramic, glass, fiber, carbon,
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etc.; solids, gels, fibers, etc. The masses may be placed at

varying depths in the acoustic material and with varying

mass-to-mass spacing.

The selection of masses and their weight, size and place-

ment is determined by the predominant frequencies to be

addressed when the Vibration absorber will be in use. The

Vibration absorber (such as an HG blanket) can be tuned to

demonstrate greater transmission loss and/or absorption in a

particular frequency or set offrequencies. The size, shape and

weight of the masses affect the sound and Vibration reaction.

The placement of the masses is particularly noteworthy

because placing more or less parts of the set of masses at

particular depths “tunes” the blanket. The HG blanket can

also increase performance in particular applications by the

proximity of masses to the edge of the matrix material (i.e.,

the acoustic material).

The Vibration absorber (e.g., an HG blanket) can be fabri-

cated from solid material or in layers with inclusions placed in

each layer at particular locations. The layers can Vary in

thickness and configuration (e.g., square, round, oblong, rect-

angular, etc.) to meet the geometry ofan intended commercial

application. The number of layers in a specific HG blanket is

dependent on the total allowable thickness of the application

as well as the frequencies of the resonances. Examples of

Varying shapes of HG blankets, either in layers or solids,

include, e. g., circular, curved, rectangular, L section, box, etc.

The number of layers in the HG blanket is determined by the

application, thickness, weight, frequency and/or required

number of masses to be inserted. The layers included in the

HG blanket can be ofuniform thickness or Varying thickness

as required by the tuning process. The masses can be inserted

with a bonding agent or mechanically, whether in layered or

solid material.

The HG blanket can be applied or affixed to a structure or

deVice for Vibration control by any suitable means including

using mechanical clamps or screws, using glue or other adhe-

siVes, etc. Tuning can be accomplished in adVance according

to the techniques described ab0Ve, or might be accomplished

on sight Via empirical methods such as by applying or affixing

the HG blanket to the structure or deVice and then inserting

masses (e.g., lead or metal weights; Viscous inclusion bodies;

etc.) into openings or slits at different locations and/or at

different leVels (closer to or farther from the deVice or struc-

ture) within the HG blanket.

EXAMPLE VI

FIGS. 22a and 22b show continuous or semi-continuous

(e. g., segmented) thin mass layers 400 and 400' positioned in

foam material 402. The foam material 402 can be monolithic

(a thick single layer) or multilayered as described in detail

ab0Ve. The thin mass layers 400 and 400' can be any of a

Variety of different materials including metals, plastics, thin

elastic masses, etc. The chief function ofthe thin mass layers

is to span, for example, in the X-Y dimension the length and

width of the foam material and to pr0Vide some stiffness

thereto. Limp mass barriers which contain only a limp mass

embedded in a foam haVe been used preViously for absorbing

low frequency acoustic signals and noise. HoweVer, the

present inVention dramatically impr0Ves such deVices by the

inclusion ofa plurality ofembedded masses 404 distributed in

the X-Y plan and in the Z axis 0Ver the surface in the foam

material 402. As discussed in detail ab0Ve, the plurality of

embedded masses 404 pr0Vide for adjusting the frequencies

which can be damped by the deVices shown in FIGS. 22a and

22b. This is due to the embedded masses acting in concert

with the continuous or semi-continuous mass layer 400 or
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400' to damp Vibrations (e.g., acoustic signals and noises).

The drawing figures show the embeddedmasses 402 on oppo-

site sides of the continuous or semi-continuous mass layer

400 or 400'; howeVer, it should be understood that the embed-

ded masses can be on a single side or on opposite sides. For

the reasons discussed ab0Ve, it will be understood that the

limp mass barriers contemplated in FIGS. 22a and 22b will be

considerably lighter than prior technology, as the present

inVention takes adVantage of the damping attributable to the

spring/mass relationship ofthe embeddedmasses 404 relatiVe

to the mass layer 400 or 400', and this allows for a far more

lightweight continuous or semi-continuous mass layer 400 or

400'. Segmentation at space 405 allows the material shown in

FIG. 22b to be bent to Various configurations desired by the

user or required by the application.

Materials, such as the blanket type deVices shown in FIGS.

22a and 22b haVe the ability to be free standing or hanging, as

opposed to being directly applied to a Vibrating structure such

as an aircraft fuselage. For example, a material shown in

FIGS. 22a and 22b could be used to make a quiet or superior

quite tent whereby sounds or noises generated inside or out-

side the tent are preVented from transmission though the

material due to the limp mass layer 400 and 400' absorbing the

Vibratory energy, and then being damped by the embedded

masses 404 in the manner described in detail ab0Ve. Many

other applications, such as placing the material inside a door

of a car or other Vehicle, positioning the materials inside a

room (e. g., on a wall, hanging from a ceiling, etc.) for damp-

ing undesired sound anes, as well as many other applica-

tions are enVisioned and would be well recognized by one of

ordinary skill in the art.

EXAMPLE VII

Prototypes

Prototypes haVe been produced employing Various shapes,

weights, spacing, and depths for the masses (inclusions).

Prototypes haVe been tested. Most of the testing used inclu-

sions weighing 6-8 grams, increasing the total weight

between 300 and 400 grams/16 ft2 of material. Testing

showed impr0Ved attenuation in all frequencies but particu-

larly low frequencies and those ab0Ve 1,000 Hz. Varying

placement of inclusions of different size, placement and

weight haVe shown the tuning to be realistic. Testing has been

performed on HG blankets that contained inclusions ofmul-

tiple sizes and weights, strategically placed to enhance acous-

tic performance in particular frequencies. Thus, the inclu-

sions (masses) can be of uniform shape and weight placed

randomly or in a pattern or of multiple shapes and weights

placed randomly or in a pattern.

Purposes and uses of a HG blanket comprising a matrix of

embedded masses haVe been shown to be one or more of:

reducing structure-bome Vibration, pr0Viding significantly

increased transmission loss (TL) compared to matrix (acous-

tic) material alone, and reducing reVerberation. The inclu-

sions enhance acoustic performance 0Ver typical unfilled

absorbent materials without significantly increasing the total

weight of the material. ComparatiVe testing has Verified that

the materials bonded together but without inclusions does not

giVe the enhanced performance of identical materials bonded

together with inclusions.

EXAMPLE VIII

Standard materials are used for thermally and acoustically

insulating interior and exterior walls, floors, and ceilings in



US 8,172,040 B2

19

private, industrial, and commercial buildings. Acoustic and

Vibration control performance can be enhanced in these and

other applications using the HG Blanket technology. FIGS.

23 and 24 show an embodiment of the invention where the

HG Blanket 500 or 502 is distributed between studs 504 and

506 of a wall or a ceiling system, respectively. In FIG. 23, the

HG Blanket 500 is positioned between, for example, sheet

rock walls 508 and 510. Other arrangements could be where

sheet steel, wood, concrete or metal is used in place of sheet-

rock, as may be used in factories, garages, warehouses, etc. In

fact, any construction where a single or double wall with an

associated internal cavity can utilize the HG Blanket technol-

ogy. In FIG. 24, the HG Blanket 502 is positioned above, for

example, sheet rock 512. Other ceiling applications include

areas above acoustic tile and grid systems.

Two exemplary types ofHG blanket systems may be used

in the wall or ceiling or related applications. In the first type,

the acoustic or thermal material is an extended material with

some internal supporting structure. The masses are embedded

into the acoustic or thermal material to create an HG Blanket.

The HG material is cut to the right size for the size of the

cavities and spaced in the walls, floors, or ceilings (including

ceiling grid systems). In the second type of HG blanket sys-

tem, the acoustic/thermal material is loose and blown into the

cavities of the walls, floors, or on top of the ceilings. Prefer-

ably, the masses are added to the acoustic/thermal materials

before they are blown into the cavities. This allows the masses

to be distributed throughout the blown in acoustic/thermal

materials. In this application (or other applications), it may be

advantageous to have the masses have random shapes and/or

have rough and sticky surfaces to facilitate having them dis-

tributed through the material and not fall to the bottom. In

some applications, the HG material with the masses may be

blown into a bag, case or other type of container for installa-

tion purposes.

In this Example, the matrix material can be any material

that can be used for thermal and acoustic insulation. Several

different types of material are currently available commer-

cially as thermal or acoustic insulation. The masses are dis-

tinct elements from the matrix material, and can be any size,

shape, density, distribution, and can be made from a range of

materials discussed above (e.g., metals, fibers, cellulose,

polymers, gels, liquid, masses with solid skins and liquid

interiors, etc.) Either and/or both the masses and/or matrix

materials may be of homogenous or heterogenous composi-

tion.

In view ofthe above, and with reference to FIGS. 23 -25, the

HG Blanket 500 or 502 is preferably composed of acoustic or

thermal insulation material 514 in which embedded masses

516 are distributed. The HG Blanket 500 or 502 can be fab-

ricated during the production of, for example, rolls ofthermal

and/or acoustic insulation by depositing masses 516 into the

insulation during or after formation of the rolls. The masses

516 can vary in size, weight, and shape. The masses 516 can

be deposited at the same or different levels in the insulation

material 514. FIG. 25 shows a specific application of the

invention wherein acoustic or thermal insulation material 528

and masses 530 are blown into a wall system 532 using a

blowing tube 534. Currently, insulation material 528 is rou-

tinely blown into wall systems for ease of installation. By

adding masses 530, which can be of varying size, shape, and

weight, to the insulation material 528 and blowing the insu-

lation material 528 and masses 530 into the wall system 532

simultaneously, the masses 530 can be randomly distributed

throughout the insulation material 528 within the wall sys-

tem. The blown in, combined insulation material 528 with

randomly distributed masses 530, would create in situ the HG
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Blanket within the wall system 534. While FIGS. 23 through

25 contemplate use ofthe HG Blanket in housing or commer-

cial buildings, these same concepts can be extended to use in

the housings of machinery, cars, boats, planes, etc.

While the invention has been described in terms of its

preferred embodiments, those skilled in the art will recognize

that the invention can be practiced with modification within

the spirit and scope of the appended claims.

Having thus described our invention, what we claim as new

and desire to secure by Letters Patent is as follows:

1. A method for controlling vibration or sound in a struc-

ture, comprising

positioning or forming a vibration or acoustic absorber

within or on said structure,

wherein said vibration or acoustic absorber comprises an

elastic layer formed from loose acoustic or insulation

material having height, width, and depth dimensions,

and a plurality of discrete masses distributed within said

elastic layer,

wherein said step of positioning or forming is performed

by blowing said loose acoustic or thermal insulation

material together with said plurality of discrete masses

into or on said structure to form said vibration or acous-

tic absorber comprised of said elastic layer with said

plurality of discrete masses distributed within said elas-

tic layer,

wherein individual masses of said plurality of masses are

deposited at different levels within said vibration or

acoustic absorber and are spaced away from each other

throughout said height, width and depth dimensions, so

as to alter a stiffness or spring rate of said loose acoustic

or thermal insulation material which supports each of

said individual masses thereby enabling attenuation of

vibration or accoustic waves at multiple resonance fre-

quencies.

2. The method of claim 1 wherein said height, width and

depth dimensions are defined by sheet rock and studs.

3. The method of claim 1 wherein said plurality ofmasses

includes masses of different materials.

4. The method of claim 1 wherein said individual masses

are selected from the group consisting of metals, ceramics,

plastics, and gels.

5. The method of claim 1 wherein said loose acoustic or

thermal insulation material is selected from the group con-

sisting offoam, acoustic fiberglass, fiberglass batting, distrib-

uted spring material, urethane, and rubber.

6. The method of claim 1 wherein said plurality ofmasses

includes masses of different sizes.

7. The method of claim 1 wherein said plurality ofmasses

includes masses of different shapes.

8. The method of claim 1 wherein said positioning or

forming step is performed within ceilings, walls or floors of a

building.

9. The method of claim 1 wherein said positioning or

forming is performed within a portion of a vehicle selected

from the group consisting of cars, boats, and planes.

10. The method of claim 1 wherein said positioning or

forming is performed within a housing portion ofmachinery

or an equipment part.

11. The method of claim 1 wherein said loose acoustic or

thermal insulation matrix material is a fibrous material.

12. The method ofclaim 11 wherein said individual masses

have sticky or rough surfaces.

13. The method ofclaims 1 wherein said individual masses

have sticky or rough surfaces.

* * * * *


