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(57) 	 ABSTRACT 

An acoustic suppression system for absorbing and/or scatter-

ing acoustic energy comprising a plurality of acoustic targets 

in a containment is described, the acoustic targets configured 

to have resonance frequencies allowing the targets to be 

excited by incoming acoustic waves, the resonance frequen-

cies being adjustable to suppress acoustic energy in a set 

frequency range. Methods for fabricating and implementing 

the acoustic suppression system are also provided. 
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ACOUSTIC SUPPRESSION SYSTEMS AND 

RELATED METHODS 

CROSS REFERENCE TO RELATED 

APPLICATIONS 

The present application claims priority to U.S. Provisional 

Application No. 61/411,799, filed on Nov. 9, 2010, and to 

U.S. Provisional Application No. 61/537,544 filed on Sep. 21, 

2011, both of which are incorporated herein by reference in 

their entirety. 

STATEMENT OF GOVERNMENT GRANT 

The invention described herein was made in the perfor-

mance of work under a NASA contract, and is subject to the 

provisions of Public Law 96-517 (35 USC 202) in which the 

Contractor has elected to retain title. 

FIELD 

The present disclosure relates to acoustic suppression sys-

tems. In particular, it relates to an acoustic suppression sys-

tem and methods for suppressing acoustic energy. 

SUMMARY 

According to a first aspect of the disclosure, an acoustic 

suppression system is described, comprising a containment, 

in which a plurality of acoustic targets are enclosed, wherein: 

each acoustic target comprises a substrate material encapsu-

lating a gas, each acoustic target is configured to have a 

resonance frequency allowing the target to be excited by 

incoming acoustic waves, and resonance frequencies of the 

plurality of targets are adjustable to suppress acoustic energy 

in a set frequency range. 

According to a second aspect of the disclosure, a method 

for fabricating an acoustic suppression system is described, 

the method comprising placing acoustic targets in a contain-

ment, wherein: each acoustic target comprises a substrate 

material encapsulating a gas, each acoustic target is config-

ured to have a resonance frequency allowing the target to be 

excited by incoming acoustic waves, and resonance frequen-

cies of the plurality of targets are adjustable to suppress 

acoustic energy in a set frequency range. 

According to a third aspect of the disclosure, a method for 

suppressing acoustic energy is described, the method com-

prising positioning acoustic suppression systems in areas in 

which acoustic suppression is desired, the acoustic suppres-

sion systems each comprising a containment, in which a 

plurality of acoustic targets are enclosed, wherein: each 

acoustic target comprises a substrate material encapsulating a 

gas, each acoustic target is configured to have a resonance 

frequency allowing the target to be excited by incoming 

acoustic waves, and resonance frequencies of the plurality of 

targets are adjustable to suppress acoustic energy in a set 

frequency range. 

According to a fourth aspect of the disclosure, a method for 

suppressing acoustic energy is described, the method com-

prising stuffing acoustic targets and/or acoustic suppression 

systems in walls, doors, ceilings, floors, or other structures for 

which acoustic suppression is desired, wherein: each acoustic 

target comprises a substrate material encapsulating a gas, 

each acoustic target is configured to have a resonance fre-

quency allowing the target to be excited by incoming acoustic 

2 
waves, and resonance frequencies of the plurality of targets 

are adjustable to suppress acoustic energy in a set frequency 

range. 

The details of one or more embodiments of the disclosure 

5  are set forth in the accompanying drawings and the descrip-

tion below. Other features, objects, and advantages will be 

apparent from the description and drawings, and from the 

claims. 

10 	 BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings, which are incorporated into 

and constitute a part of this specification, illustrate one or 

15  more embodiments of the present disclosure and, together 

with the description of example embodiments, serve to 

explain the principles and implementations of the disclosure. 

FIG. 1 shows a front-view schematic of an acoustic sup-

pression system according to some embodiments herein 

20  described. 

FIG. 2 shows a front-view schematic of an acoustic sup-

pression system according to some embodiments herein 

described. 

FIGS. 3 (A-E) show side-view schematics of sheets of 

25 acoustic suppression systems according to some embodi-

ments herein described. 

FIG. 4 shows preliminary impedance tube test data for 

acoustic suppression systems specimen 1 and specimen 2. 

30 	 DETAILED DESCRIPTION 

The term "acoustic absorption" as used herein is defined to 

mean a process of converting acoustic energy of given fre-

quency bands into other forms of energy, including but not 

35 limited to, heat energy. 

The term "acoustic scattering" as used herein is defined to 

mean a process of reflecting acoustic energy of given fre-

quency bands away from a targeted structure. 

The term "acoustic suppression" as used herein is defined 

40 to mean at least acoustic absorption and/or acoustic scatter-

ing. 

The term "acoustic transmission" as used herein is defined 

to mean acoustic energy that may pass through or be trans-

ferred/transmitted through a substance. 

45 	The terms "acoustic target' and "bubble" as used herein are 

defined to mean an object that may absorb acoustic/sound 

energy and convert it to heat energy and/or scatter the acous-

tic/sound energy. For example, an acoustic target and/or 

bubble may include, but is not limited to, a substrate material 

50 encapsulating a gas. 

The term "acoustic suppression system" as used herein is 

defined to mean an arrangement comprising a plurality of 

acoustic targets that are used to suppress acoustic energy, i.e. 

to absorb acoustic energy and convert it to heat energy and/or 

55 to scatter acoustic energy away from a targeted structure. 

The terms "substrate" and "substrate material' as used 

herein are defined to mean a material that is used to encapsu-

late a gas. For example, an acoustic target comprises a sub-

strate in which the substrate is used to encapsulate a gas. For 

60 example, the substrate may be any natural or synthetic mate-

rial including, but not limited to, plastic, rubber, metal, glass, 

polymers, and composite. 

The term "volume ratio' and "void fraction" as used herein 

is definedto mean the ratio of total gas volume to gas+non-gas 

65 volume of a defined space. For example, a volume ratio may 

include, but is not limited to, the ratio of total gas volume to 

substrate volume+gas of an acoustic target. 
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3 
The term "host structure" as used herein is defined to mean 

any material into which acoustic targets and /or acoustic sup-

pression systems can be incorporated , to reduce acoustic 

transmissions through the host structure . A host structure may 

include anything through which acoustic energy may travel 

and for which suppression of said acoustic energy is desired. 

For example, a host structure may include but is not limited to 

doors, walls , floors, and/or ceilings of building , vehicles, 

and/or aircrafts , and others . A host structure may also include, 

but is not limited to materials such as plastic , rubber, metal, 

glass, polymers, composite , and any other natural or synthetic 

material. 

The term "structural material' as used herein is defined to 

mean a material that may be used for building or reinforcing 

a structure . For example , a structural material may include but 

is not limited to, materials for buildings, houses, and vehicles 

and may comprise any natural or synthetic material. 

The term "containment' as used herein is defined to mean 

an object that can be used to house /contain acoustic targets 

and/or bubbles. A containment may constitute part of the 

acoustic targets and /or bubbles or may be a separate entity. 

For example, a containment may include, but is not limited to, 

a host structure, a structural material , and/or any other mate-

rial that can be used to contain /house acoustic targets and/or 

bubbles and may comprise the same substrate material as the 

acoustic targets or may comprise a different substrate mate-

rial from the acoustic targets. 

The present disclosure describes an acoustic suppression 

system comprising acoustic targets of various sizes , shapes, 

composition, and distribution, which can change the sound 

speed due to compressibility of the acoustic targets and thus 

reduce transmission of the sound through the acoustic sup-

pression system. 

Acoustic suppression can be related to impedances as 

affected by the acoustic targets. Incoherent excitation of the 

acoustic targets within the acoustic suppression system may 

absorb and/or scatter sound waves at high frequencies, 

whereas the coherent excitation of aggregate acoustic targets 

coupled with incoherent larger size acoustic targets can sup-

press and scatter sound at low frequencies. 

Thus, the present disclosure provides embodiments of an 

acoustic suppression system whichmay target a widerange of 

frequency bands while not requiring an increase in mass of 

the acoustic suppression system , even when targeting low 

frequencies. 

A mathematical model illustrating the underlying physics 

is described . The transmission loss factor through a substrate 

material can be related to its impedance. 

Considering a homogeneous acoustic suppression material 

of thickness L with a plane wave normally incident on its 

surface, the medium on both sides of the acoustic suppression 

system can be assumed to be air, with sound speed and density 

of Ca  and pa , respectively . Sound speeds and densities of an 

acoustic suppression system are given by C b  and p b  (without 

acoustic targets ) and Cbm  and pbm  (with acoustic targets), 

respectively. 

Assuming that incident and reflected waves on the incident 

side, which for the sake of convenience will be referred to as 

the "left-hand side", of the acoustic suppression system may 

be given by [ref 1]: 

Ps=P;e'(` "t  ) and p P e;(~~
 + a) 	

(Eq 1) 

Transmitted and reflected pressures inside the acoustic 

suppression system may be given by: 

Par Pbte
(--kbm) 

 dPb,-Pb,-e
,(-t+kbm) 	 (Eq. 2)  

4 
Transmitted wave on the "right-hand side" of the acoustic 

suppression system may be given by: 

Pbt—
_ 

Pbte
,(-t 

 
ax> 
	

(Eq. 3) 

5 

Continuity of normal acoustic impedances on the "left-

hand side" and the "right-hand side" of the acoustic suppres-

sion system may lead to the transmitted and reflected pressure 

waves: 

10 

The wave number in the acoustic suppression system 

shown in equation 8 can be related to a dispersion relationship 

given by: 

55 

2 w2 + 4n 2f 	Rf( R)dR 	 (Eq. 9) 
kbm  = 

—2 
p ()o  – m2  + 

60 

where w o  represents the acoustic target resonance frequency, 

R represents the radius of the acoustic target , f (R) is the 

acoustic target size distribution function , and µ is the damping 

in the acoustic suppression system . This equation can be 

65 derived based on linearized bubble dynamics [ref 2]. The 

complex sound speed in the acoustic suppression system may 

be given by: 

Pt= 

~ °
I-L I [coskbL+ i/2('°  + Zb  )sinkbL] 	

(Eq. 4) 

Ti 	Zb Za 

15 P 	 i 	E 5 , – i(Zb – 
Z° )sinkbL/2 cos kbL+ 	

Zb 

) 	

(q ) 

Pi 	Z, Zb 	 2 Z
a  + 	

smkbL 
Zb Za 

20 	It should be noted that the terms "left-hand side" and the 

"right-hand side" as used herein, are used only for conve-

nience of expression for indicating a side of an acoustic 

suppression system in which sound waves are incident and 

the opposite side of the acoustic suppression system, in which 

25 sound waves may pass through, respectively. 

In these equations Za  and Z b  are impedances , and ka w/Ca  

and kb=w/C,, are wave numbers in air and a conventional 

homogeneous acoustic suppression device. The reflected and 

30 transmitted sound pressure levels may be given by for a non 

unity input pressure: 

R – IP'J 	dT =IP'J, 	
(Eq 6 ) 

35 

or in dB given by: 

40 

R = 201o4l P
i 
 J) and T = 201og(l P

i  J) 	

(Eq. 7) 

The acoustic suppression system can be treated by adding 

45 a known acoustic target size distribution using the same deri-

vation as above but with wave number kb  now being kbm . The 

wave equation becomes: 

50 	n2Pbm+kbm2Pbm 0 	 (Eq. 8) 
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ce 	z 	Rf (R)d R 	 (Eq. 10) 
= 1 + 4,rCb  

gem 	o (wo — w2 +w) 

An analysis can be performed with the transmission loss 

coefficient defined in equation 7 with and without bubbles 

(i.e. without acoustic targets) in the arrangement with imped-

ances given by Zb pbCb  (homogeneous acoustic suppression 

devices) and Zbm=pbmCbm  (acoustic suppression system 10 

comprising acoustic targets). The wave number k b  and imped-

ance Zb  in equations 4 and 5 are replaced with kbm  and Zbm  for 

the acoustic suppression system comprising acoustic targets 

(i.e. bubbles). The sound speed in the latter is given in equa-

tion 10. For example, using the following parameters: sound 15 

speed in the acoustic suppression system-1000 m/s, acoustic 

suppression system density=10 kg/m 3 , uniform bubble size 

with radius — I cm, resonance frequency -600 Hz, and 10,000 

bubbles included within the arrangement, theoretical predic-

tions indicate that 5+ dB additional sound reduction can be 20 

obtained due to the presence of bubbles (i.e. acoustic targets) 

at 100 Hz. 

In some embodiments, acoustic suppression systems com-

prise a plurality of acoustic targets, the acoustic targets com-

prising a substrate material encapsulating a gas, which may 25 

serve as bubbles. 

The substrate material may comprise any natural or syn-

thetic material with various surface tensions. For example, in 

an acoustic suppression system, the substrate material and/or 

surface tension may vary from one acoustic target to another 30 

acoustic target or may be the same. 

The gas may comprise a single type of atom or molecule or 

may comprise a mixture of atoms and/or molecules. For 

example, in an acoustic suppression system, the identity, mix-

ture composition, temperature, pressure, and/or concentra- 35 

tion of the gas and/or mixture of gases may vary from one 

acoustic target to another acoustic target or may be the same. 

The acoustic targets may vary in size, shape, and volume. 

For example, the shapes may include but are not limited to 

spheres, cylinders, toroids, and discs. For example, in an 40 

acoustic suppression system, the shapes of acoustic targets 

may vary from one acoustic target to another acoustic target 

or may be the same. 

In some embodiments, the acoustic targets have rigid sur-

faces, wherein the shape of the acoustic target may undergo 45 

only minimal distortions upon perturbation. 

In some embodiments, the acoustic targets have non-rigid 

surfaces, wherein the shape of the acoustic target may be 

easily distorted upon perturbation. 

In some embodiments, the acoustic targets may have a total 50 

volume V7, a substrate volume Vsubs ate, and a gas volume 

Vg,, for which volume ratio, VR , can be calculated according 

to VR Vg, (VT+V,,b,,,,,)• 
The volume/size of the acoustic target may be based on the 

targeted frequency range for which acoustic suppression is 55 

desired. An average radius of an acoustic target may range 

from microns to centimeters; in some embodiments, the 

radius can range up to tens of centimeters. 

FIG.1 shows an acoustic suppression system comprising a 

plurality of acoustic targets of varying size, shape, and vol- 60 

ume (100, 110, 115, 120, 125, 130, 135, and 145) encapsu-

lated in a containment (140) according to some embodiments. 

For example, a first acoustic target may have a first volume 

V 1 , a second acoustic target may have a second volume V 21  

which maybe less than or greater than V 1 , and a third acoustic 65 

target may have a volume V 31  which may be less than or 

greater than V 1  and/or Vz .  

6 
For example, an acoustic suppression system may com-

prise a plurality of acoustic targets wherein a first acoustic 

target may comprise a first type of substrate material SM 1  

with a first surface tension y1  and encapsulating a first type of 

gas or mixture of gases G 1 . A second acoustic target may 

comprise a second type of substrate material SM z, which may 

be the same as or different from SM 1 , and encapsulating a 

second type of gas or mixture of gases G z  that may be, inde-

pendently from SM 1  and/or SMz, the same as or different 

from G 1 , and having a surface tension y z  that may be, inde-

pendently from SM 1  and/or SMz  and G 1  and/or Gz, greater 

than, less than, or equal to y 1 . 

According to some embodiments, an acoustic suppression 

system may comprise a plurality of acoustic targets, wherein 

a first acoustic target has a volume VT1  and a second acoustic 

target has a volume of V T, which may be greater than, less 

than, or equal to V T1 . 

FIG. 2 shows an acoustic suppression system comprising a 

plurality of acoustic targets encapsulated in a containment 

(210) according to some embodiments, wherein the acoustic 

targets are relatively uniform in size, shape, and volume (220, 

260, 270). 

In some embodiments, a plurality of acoustic targets may 

be packed non-uniformly, i.e. with varying distances between 

the acoustic targets (150, 155, 160, 230, 240, 250). 

FIGS. 3A-E show side-view schematics of acoustic sup-

pression systems comprising acoustic targets, wherein the 

acoustic targets are encapsulated in a containment to form 

flexible or rigid acoustic suppression systems of varying 

thickness and compositions, wherein the acoustic targets may 

have varying attributes or similar attributes. 

FIG. 3A is exemplary of an acoustic suppression system, 

which is suspended from a host structure (305), wherein the 

acoustic targets vary in size, shape, and/or volume (310, 320). 

The acoustic suppression system may be suspended from a 

host structure by a number of methods. The methods may 

include, but are in no way limited to, tying down, pinning, 

screwing, bolting, stapling, and gluing. 

FIG. 3B is exemplary of an acoustic suppression system 

whereinthe acoustic targets are incorporated into a host struc-

ture (335) and thus do not require an additional containment 

(315, 360, 380, 397), wherein the host structure has a homo-

geneous portion (335) configured to enhance strength and a 

heterogeneous portion (330) comprising acoustic targets of 

varying size, shape, and volume (325, 340) configured to 

suppress acoustic energy. For example, a plurality of acoustic 

targets may be incorporated into a host structure during fab-

rication of the host structure or may be introduced into the 

host structure any time after fabrication. This embodiment 

may also be adapted for use with acoustic targets of relatively 

uniform size, shape, and/or volume. 

FIG. 3C is exemplary of an acoustic suppression system 

which is attached to a host structure (350) on one side of both 

the host structure and the acoustic suppression system, the 

acoustic suppression system comprising acoustic targets of 

relatively uniform size, shape, and/or volume (345, 355). 

FIG. 3D is exemplary of an acoustic suppression system 

which is attached to a host structure (370, 390) on one side of 

each of the host structures and both sides of the acoustic 

suppression system (i.e. the acoustic suppression system is 

sandwiched between the host structures), the acoustic sup-

pression system comprising acoustic targets of varying size, 

shape and/or volume (375, 385). This embodiment may also 

be adapted for use with an acoustic suppression system com-

prising acoustic targets of relatively uniform size, shape, and/ 

or volume. 
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The acoustic suppression system in FIGS. 3C and 3D may 

be attached to a host structure by a number of methods. The 

methods may include, but are in no way limited to, tying 

down, pinning, screwing, bolting, stapling, and gluing. 

FIG. 3E shows an acoustic suppression system comprising 

primarily acoustic targets (396, 399), not incorporated into a 

host structure, but encapsulated in a containment (397), the 

acoustic suppression system comprising acoustic targets of 

varying size, shape and/or volume (396, 399). This embodi-

ment may also be adapted for use with an acoustic suppres-

sion system comprising acoustic targets of relatively uniform 

size, shape, and/or volume. 

The embodiments of the disclosure can provide acoustic 

suppression systems that can be used to reduce sound pres-

sure levels and acoustic noise. 

In some embodiments, acoustic energy is absorbed by the 

acoustic targets and transferred into heat energy within the 

acoustic targets. 

In some embodiments, acoustic energy is scattered away 

by the acoustic targets. 

In some embodiments, the acoustic targets can be config-

ured to target a specific range of frequencies based on the 

attributes of the acoustic targets. The attributes of the acoustic 

targets that can be used to target a desired frequency range 

may include, but is not limited to, size, shape, V r, VR , gas 

identity, gas composition, internal pressure of the acoustic 

target due to gas pressure, external pressure of the acoustic 

target, substrate material composition, and/or substrate mate-

rial surface tension. 

In particular, the above-mentioned attributes of the acous-

tic targets (i.e. size, shape, V r, VR , gas identity, gas compo-

sition, internal pressure of the acoustic target due to gas 

pressure, external pressure of the acoustic target, substrate 

material composition, and/or substrate material surface ten-

sion) can be used to obtain acoustic targets with a particular 

resonance frequency. When acoustic targets are excited by 

acoustic waves, the targets can resonate, i.e., the gas may 

expand and compress. The resonance frequency of each target 

can be a function of the gas, size, density, and pressure (inter-

nal and external pressure of the acoustic target), and the 

substrate surface tension. The resonant responses of the tar-

gets can suppress the sound via conversion to heat energy and 

scattering. 

A method for selecting the attributes of acoustic targets 

may comprise utilizing high-fidelity mathematical models/ 

numerical solutions and may further comprise performing 

physical experiments to verify the numerical solutions. 

For example, given a particular application, models can be 

used to provide the optimal sound pressure reduction, both in 

specified frequency ranges and acoustic levels, and specimen 

tests may be used to experimentally verify efficacy of a 

numerical result. 

For example, the experiments may include, but are not 

limited to, the combination of using a transmission loss test 

using acoustic and anechoic chambers and/or an impedance 

tube. The results from these tests can aid in a selection of a 

particular size, shape, V 7, VR , gas identity, gas composition, 

gas pressure, substrate material composition, and/or substrate 

material surface tension, etc. that should be used to suit a 

specific application with particular acoustic pressure levels 

and frequency bands that are to be targeted. 

In the embodiments of FIGS. 1-3, the acoustic suppression 

systems may comprise acoustic targets with varying 

attributes or with uniform attributes. 

In some embodiments, the acoustic suppression systems 

can be further configured to target a specific range of frequen- 

8 
cies based on the distribution and composition of acoustic 

targets with various attributes within the acoustic suppression 

system. 

In some embodiments, the acoustic suppression systems 

5  can be used for reducing sound pressure in various frequency 

ranges and in particular can be useful for low frequencies 

(less than several hundred Hz for most applications) as the 

acoustic suppression systems herein described provide 

acoustic suppression at low frequencies without increasing 

10  mass. It should be noted that while the ability of the acoustic 

suppression systems to target low frequencies is advanta-

geous, the embodiments are in no way limited to low fre-

quency ranges and can be fabricated to target a wide range of 

frequencies. 
15 	An acoustic suppression system as described herein can be 

adapted to provide acoustic suppression for a number of 

structures. A structure may include but is not limited to doors, 

walls, floors, and/or ceilings of building, appliances, vehicles, 

and/or aircrafts or any other transportation systems. This list 

20  of structures is not meant to be exhaustive, as a vast number of 

structures for which acoustic suppression is desired can be 

envisaged. Furthermore, the acoustic suppression system(s) 

themselves may serve as a structure. 

A method for suppressing acoustic energy may comprise 
25 positioning acoustic suppression systems in areas in which 

acoustic suppression is desired. 

Another method for suppressing acoustic energy may com-

prise stuffing acoustic targets and/or acoustic suppression 

systems in walls, doors, ceilings, floors, or other structures for 
30 which acoustic suppression is desired. 

The following serve as just a few specific embodiments of 

the acoustic suppression system. 

In some embodiments, the acoustic suppression systems 

can be used in the payload area of launch vehicles, wherein 

35  the acoustic suppression system is placed in the launch 

vehicles to absorb and scatter sound and thus reduce sound 

pressure levels inside the launch vehicle. 

In some embodiments, the acoustic suppression systems 

can be used in fabricating human exploration vehicles where 
40 stringent acoustic requirements are in place for a crew cabin 

module. 

In some embodiments, the acoustic suppression systems 

and/or acoustic targets can be incorporated into a structure 

such as a door, wall, ceiling, or floor during the fabrication of 

45  the structure, or the acoustic suppression systems can be 

applied to said structure as described, for example, in FIGS. 3 

A, C, and D. 

EXAMPLES 
50 

The following examples are disclosed for further illustra-

tion of the embodiments and are not intended to be limiting in 

any way. 

55 	 Example 1 

Method for Fabricating an Acoustic Suppression 

System with a Plastic Containment 

60 An exemplary method for fabricating an acoustic suppres-

sion system with a plastic being the containment is now 

described. Two regular plastic sheets (1.50 meters, 1/2 mm 

thick) to serve as the housing for acoustic targets, are sealed 

on three sides with a plastic sealer. A given volume of gas is 

65 pumped into the plastic housing and a fourth side is com-

pletely sealed in the same way as the other three sides, result-

ing in an inflated sealed plastic housing. Several metallic 
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hollow tubes are used to encapsulate bubbles, thereby form-

ing the acoustic targets in the housing, by heating ends of the 

tubes and pressing them against the inflated plastic housing, 

bonding the housing where the tubes are pressed. This pro-

vides acoustic targets ranging from 1/2 cm to 3 cm in diameter, 

which are near spherical. Long cylindrical bubbles are then 

encapsulated by using a heated cylindrical shaped "branding 

iron" by pressing against the housing. The resulting acoustic 

suppression system is approximately 3 cm thick with a void 

fraction of approximately 80%. 

Example 2 

Method for Fabricating an Acoustic Suppression 

System with Plastic Acoustic Targets and a Rubber 

Containment 

An exemplary method for fabricating an acoustic suppres-

sion system with a rubber containment is now described. 

Rigid, plastic, hollow spheres are spread in a bed of 1.50 

meters. Melted rubber is poured into the bed and cooled at 

room temperature, resulting in an acoustic suppression sys-

tem with a rubber containment and known acoustic target 

distribution. 

Example 3 

Method for Fabricating an Acoustic Suppression 

System with a Metal Containment 

A metal or composite material is melted and a gas is 

pumped into the metal or composite material to create 

bubbles, wherein pumping parameters are used to control 

bubble size, location, and distribution. The melted metal or 

composite material with trapped bubbles is then hardened 

under carefully controlled pressure and temperature environ-

ments to provide an acoustic suppression system. 

The pumping parameters may include, but are not limited 

to, flow rate of the gas and pressure in a pump. In some 

embodiments, the flow rate of the gas may range from 

approximately 0.1 m3/min.-5 M3  /min. and the pressure in the 

pump may range from approximately 5-25 psi, depending on 

the desired attributes of acoustic targets. The above-men-

tioned pumping parameters and pumping parameter ranges 

are given byway of example and not of limitation. One skilled 

in the art would be able to determine other types pumping 

parameters and pumping parameters ranges that would pro-

vide acoustic suppression systems without departing from the 

scope of the present disclosure. 

It should be noted that these examples, in addition to other 

methods of fabricating acoustic suppression systems, may be 

performed manually or by using automated systems. 

Example 4 

Preliminary Test for an Acoustic Suppression System 

Fabricated to Target a Relatively High Frequency 

Range 

Specimen 1 (See FIG. 4) is a 3.5 cm thick disc with a 

diameter of about 14 cm. Its core is comprised of medium 

sized (-3-cm diameter), soft, unpressurized acoustic targets. 

The transmission losses in dB obtained from this specimen 

placed in an impedance tube are shown in FIG. 4. Specimen 

1 displays acoustic reduction of approximately 10-20 dB at 

higher frequencies. 

10 
Example 5 

Preliminary Test for an Acoustic Suppression System 

Fabricated to Target a Low Frequency Range 
5 

Specimen 2 (See FIG. 4) is a 6.5 cm thick disc with a 

diameter of about 14 cm. Its core is comprised of five latex-

type bubbles with an average size of 6-cm. The transmission 

losses in dB obtained from this specimen placed in an imped-

ance tube are shown in FIG. 4. Specimen 2 displays acoustic 

reduction of approximately more than 25 dB reduction in 

acoustic pressure levels below 400 Hz. 

Examples 4 and 5 show example embodiments for sup- 

15  pressing acoustic energy in a particular frequency range by 

implementing acoustic targets of particular resonance fre-

quencies. It should be noted that an increase in mass of an 

acoustic suppression system is not necessitated for acoustic 

suppression systems targeting lower frequencies compared 

20 with acoustic suppression systems targeting higher frequen-

cies; the acoustic suppression systems herein described can 

be of low mass regardless of the targeted frequency range as 

they comprise acoustic targets, which in turn comprise a 

substrate material encapsulating a gas. Thus the majority of 

25  the mass comes from the substrate material, in particular, 

from the containment, which can be minimal. An exemplary 

mass range for acoustic suppression systems of the present 

disclosure can be between 0.2-0.5 lbs/cubic feet as most of the 

mass comes from the containment. As a specific example, the 

30  low frequency-targeting acoustic suppression system of 

Example 5 weighs roughly 0.15 lb. 

The examples set forth above are provided to give those of 

ordinary skill in the art a complete disclosure and description 

35  of how to make and use the embodiments of the acoustic 

suppression system of the disclosure, and are not intended to 

limit the scope of what the inventors regard as their disclo-

sure. Modifications of the above-described modes for carry-

ing out the disclosure can be used by persons of skill in the art, 

40 and are intended to be within the scope of the following 

claims. 

All patents and publications mentioned in the specification 

are indicative of the levels of skill of those skilled in the art to 

which the disclosure pertains. All references cited in this 
45 disclosure are incorporated by reference to the same extent as 

if each reference had been incorporated by reference in its 

entirety individually. 

It is to be understood that the disclosure is not limited to 

particular methods or systems, which can, of course, vary. It 
50 is also to be understood that the terminology usedhereinis for 

the purpose of describing particular embodiments only, and is 

not intended to be limiting. As used in this specification and 

the appended claims, the singular forms "a", "an", and "the" 

include plural referents unless the content clearly dictates 
55 otherwise. The term "plurality" includes two or more refer-

ents unless the content clearly dictates otherwise. Unless 

defined otherwise, all technical and scientific terms used 

herein have the same meaning as commonly understood by 

one of ordinary skill in the art to which the disclosure pertains. 
60 
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What is claimed is: 

1. An acoustic suppression system comprising a contain-

ment, in which a plurality of acoustic targets are enclosed, 

wherein: 

each acoustic target comprises a substrate material encap-

sulating a gas, 

each acoustic target is configured to have a set resonance 

frequency allowing the target to be excited by incoming 

acoustic waves, and 

setting of resonance frequencies of the plurality of targets 

is adjustable to suppress acoustic energy in a set fre-

quency range. 

2. The acoustic suppression system according to claim 1, 

wherein the resonance frequency is adjustable based on one 

or more attributes of the acoustic targets, the attributes 

selected from the group consisting of size, shape, ratio of 

substrate material to gas volume, gas identity, gas composi-

tion, internal or external pressure, substrate material compo-

sition, and/or substrate material surface tension. 

3. The acoustic suppression system according to claim 1, 

wherein the substrate material is a natural or synthetic mate-

rial. 

4. The acoustic suppression system according to claim 1, 

wherein at least one acoustic target differs from another 

acoustic target in one or more attributes selected from the 

group consisting of size, shape, ratio of substrate material to 

gas volume, gas identity, gas composition, internal or external 

pressure, substrate material composition, and/or substrate 

material surface tension. 

5. The acoustic suppression system according to claim 1, 

wherein the acoustic targets are uniform in one or more 

attributes selected from the group consisting of size, shape, 

ratio of substrate material to gas volume, gas identity, gas 

composition, internal or external pressure, substrate material 

composition, and/or substrate material surface tension. 

6. The acoustic suppression system according to claim 1, 

wherein the containment is suspended from a secondary 

structure for which acoustic suppression is desired. 

7. The acoustic suppression system according to claim 1, 

wherein the containment is affixed to a secondary structure 

for which acoustic suppression is desired. 

8. The acoustic suppression system according to claim 1, 

wherein the containment is between two secondary structures 

for which acoustic suppression is desired and is affixed to the 

two secondary structures. 

9. The acoustic suppression system according to claim 1, 

wherein the acoustic targets are incorporated directly into a 

structural material for which acoustic suppression is desired, 

the structural material serving as the containment, the acous-

tic suppression system having a homogeneous portion com-

prising primarily the structural material and a heterogeneous 

portion comprising the structural material and the acoustic 

targets. 

10. The acoustic suppression system according to claim 1, 

wherein the acoustic suppression system is adapted to sup-

press acoustic energy over a low-frequency range. 

11. The acoustic suppression system according to claim 10 

wherein the low-frequency range is below several hundred 

Hz. 

12. The acoustic suppression system according to claim 1, 

wherein the acoustic suppression system is adapted to sup-

press acoustic energy over a mid-frequency range. 

13. The acoustic suppression system according to claim 1, 

wherein the mid-frequency range is from several hundred to a 

few thousand Hz. 

12 
14. The acoustic suppression system according to claim 1, 

wherein the acoustic suppression system is adapted to sup-

press acoustic energy over a high-frequency range. 

15. The acoustic suppression system according to claim 1, 

5  wherein the high-frequency range is above a few thousand 

Hz. 

16. The acoustic suppression system according to claim 1 

wherein the acoustic targets are compressible acoustic targets 

configured to change sound speed through the acoustic sup- 
l0 

pression system. 

17. The acoustic suppression system according to claim 16, 

wherein the compressible acoustic targets are further config-

ured to reduce transmission of sound through the acoustic 

15  suppression system. 

18. The acoustic suppression system according to claim 1, 

wherein the acoustic targets are enclosed in the containment 

and non-uniformly distributed inside the containment. 

19. A method for fabricating an acoustic suppression sys-

20 tem, the method comprising placing acoustic targets in a 

containment, wherein: 

each acoustic target comprises a substrate material encap-

sulating a gas, 

each acoustic target is configured to have a set resonance 
25 	frequency allowing the target to be excited by incoming 

acoustic waves, and 

setting of resonance frequencies of the plurality of targets 

is adjustable to suppress acoustic energy in a set fre-

quency range. 
30 	

20. A method for fabricating the acoustic suppression sys- 

tem according to claim 1, comprising placing the acoustic 

targets in the containment. 

21. A method for fabricating the acoustic suppression sys-

35  tem according to claim 1, comprising: 

placing acoustic targets into a temporary containment, the 

acoustic targets having set resonance frequencies; 

melting a substrate material; 

pouring the melted substrate material into the temporary 

40 	containment containing the acoustic targets, wherein the 

substrate material can solidify upon cooling; and 

cooling the substrate material to form a solid material 

comprising the acoustic targets, thus providing the 

acoustic suppression system. 

45 	22. A method for fabricating the acoustic suppression sys- 

tem according to claim 1, comprising: 

melting a substrate material; 

pumping a gas into the melted substrate material to form 

bubbles, wherein pumping parameters are used to con- 

50 	trol size, location, and distribution of bubbles; and 

cooling the melted substrate material to form a solid sub-

strate material comprising the bubbles, the bubbles serv-

ing as the acoustic targets having set resonance frequen-

cies, thus providing the acoustic suppression system. 

55 	23. A method for fabricating the acoustic suppression sys- 

tem according to claim 1, comprising: 

providing a substrate material encapsulating a gas, wherein 

the substrate material is meltable upon heating; 

heating one or more hollow tubes to a temperature capable 

60 of melting the substrate material encapsulating the gas, 

the hollow tubes comprising a material which remains 

solid upon heating of the hollow tube to a temperature at 

least commensurate with the melting point of the sub-

strate material encapsulating the gas; and 

65 	pressing the one or more heated hollow tubes against the 

substrate material encapsulating the gas to form bubbles 

and subsequently removing the heated hollow tube to 
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form a plurality of acoustic targets having set resonance 

frequencies, thus providing the acoustic suppression 

system. 

24. A method for suppressing acoustic energy, the method 

comprising positioning acoustic suppression systems in areas 5 

in which acoustic suppression is desired, the acoustic sup-

pression systems each comprising a containment, in which a 

plurality of acoustic targets are enclosed, wherein: 

each acoustic target comprises a substrate material encap-

sulating a gas, 	 10 

each acoustic target is configured to have a set resonance 

frequency allowing the target to be excited by incoming 

acoustic waves, and 

setting of resonance frequencies of the plurality of targets 

is adjustable to suppress acoustic energy in a set fre- 15 

quency range. 

25. A method for suppressing acoustic energy, the method 

comprising positioning acoustic suppression systems accord-

ing to claim 1, in areas in which acoustic suppression is 

desired. 	 20 

26. A method for suppressing acoustic energy, the method 

comprising stuffing acoustic targets and/or acoustic suppres-

sion systems in walls, doors, ceilings, floors, or other struc-

tures for which acoustic suppression is desired, wherein: 

each acoustic target comprises a substrate material encap- 25 

sulating a gas, 

each acoustic target is configured to have a set resonance 

frequency allowing the target to be excited by incoming 

acoustic waves, and 

setting of resonance frequencies of the plurality of targets 30 

is adjustable to suppress acoustic energy in a set fre-

quency range. 
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