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[57) ABSTRACT

A sound barrier comprising a plurality of hollow,
wedge-shaped, energy dissipating cells mounted in
parallel, side-by-side, spaced relationship as inverse-
acting acoustic horns, first sides of all cells being co-
planar. Each of the cells has a plurality of openings in
the remaining two sides thereof along the edges which
are adjacent the first side and a plurality of elongated

~ openings along the apex defined by the intersection of

the two sides. Each cell is made in two interlocking
parts, one part forming the first side and the other part
forming the remaining two sides. Each part comprises
a thin outer shell of structurally rigid material and an
inner lining of sound deadening material, such as poly-
urethane closed cell foam.

17 Claims, 6 Drawing Figures
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1
SOUND BARRIER

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates to sound barriers and,
more particularly, to an inexpensive, effectively opti-
cally transparent, sound barrier which is capable of re-
flecting, absorbing, and converting sound energy to
substantially lower levels under all atmospheric condi-
tions. :

2. Description of the Prior Art

Noise as a product of traffic flow patterns on urban
highways, freeways, and streets is properly becoming of
major interest to traffic engineers due to public con-
cern over the increase innoise pollution and the rapidly
increasing numbers of vehicles on our streets and high-
ways. It is becoming increasingly more evident that the
level of noise one is willing to tolerate on an intermit-
tent level, such as from railroads, low flying aircraft,
factory whistles, etc., is much greater than in those
cases where the noise source is maintained at a steady
level with only mild fluctuations. This becomes signifi-
cant. as ‘the pressing need-for increasingly complex
urban transportation networks brings freeways and
highways near greater numbers of residential commu-
nities. Thus, the traffic noise level which can be toler-
ated while using a freeway going to and from work
often becomes intolerable when it is a constant-compo-
nent of the background noise level in a residential area.

A recent study performed regarding the attitudes
prevailing in several major U. S. cities on the part of
urban residents towards various noise sources in the en-
vironment supported the -proposition that the public
objects to traffic generated noise more than all other
sources combined. It is for this reason that the present
invention will be described primarily in its application
to the reduction of traffic noise on highways, freeways,
and other heavily traveled thoroughfares. However, it
will be evident that, and examples will be given how,
the present invention is applicable to the reduction of
noise from other sources such as aircraft, construction,
industry, and the like. .

Many attempts have been made to provide sound
barriers between heavily traveled thoroughfares and
residential areas, schools, churches, hospitals, offices,
and the like. A conventional barrier is in the form of a
solid wall which can be in the form of earth or an up-
right barrier, the latter often made from concrete. In
the former case, an effective earth barrier may be pro-
vided by constructing depressed roadways. Whatever
barrier is used, tests have shown that with simple bar-
ries, significant noise level reductions are achievable
only at extreme wall heights, in excess of 25 feet, and
at higher frequencies, in excess of 1 kHz. With lower
barrier heights, a maximum attenuation of 15 dB is at-
tainable, due to the influence of defraction effects over
a barrier.

Therefore, conventional barriers for traffic noise at-
tenuation have several significant disadvantages. In the
first instance, effective sound reduction is dependent
upon barrier height and barrier heights of 25 feet or
more do not blend aesthetically with the surrounding
landscape. Furthermore,. construction costs for high
level barriers, such as earth berms, depressed road-
ways, and concrete walls, are in the range of $50.00 to
$500.00 per running foot. Finally, with such barriers,
the motorist has the impression that he is captured
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within a tunnel and therefore looses his perspective on
distance and speed.

One attempt to solve this problem is described in a
report entitled “Kinematic Sound Screen Research
Project,” Report No. 2, July, 1972, prepared by John
Hauskins of Engineering Corporation of America for
the Arizona Highway Department, Research Division.
The Hauskins report describes a sound screen which,
at least in theory, goes a long way in eliminating the dis-
advantages inherent with conventional highway noise
barriers. Such disadvantages are purportedly elimi-
nated by the use of a sound barrier incorporating sev-
eral features. In the first instance, the proposed kine-
matic sound screen consists of a plurality of Helmholtz -
resonating chambers which are mounted in parallel,
side-by-side, spaced relationship. By providing each
chamber with a triangular cross-section and positioning
the chambers with first sides coplanar and the remain-
ing two sides extending in the same direction, towards
a source of sound, the walls of the chambers act as in-
verse-acting acoustic horns which focus the sound en-
ergy toward the openings of the Helmholtz resonating
chambers, thus greatly increasing their efficiency. Each
chamber has a plurality of openings in each side
thereof, at the focal point of the acoustic horns, which
act as filters for the incident sound waves. It is stated
that on the basis of laboratory experiments, the net ef-
fect of the attenuation phenomenon will exceed 25 dB,
effectively 10 dB down from the defracted component
of noise reported for conventional solid barriers.

Such sound barriers have a unique feature in the de-
velopment of roadside barriers for at freeway speeds,
it is possible to see through the barrier via the aper-
tures. In other words, the proposed kinematic sound
screen consists of a series of wedges separated by thin -
apertures. An observer sees only a narrow angle of view
through each aperture, but as the observer moves along
a line of travel, the angle of view changes. Thus, an ob-
server traveling at freeway speeds receives overlapping
views of the field beyond the barrier within the time
which the retina of the eye stores an image. By means
of a serial strobe effect, the observer sees a series of
views of the field which he interprets in much the same
way as we view a TV or movie picture. '

The use of the exterior walls of the wedge-shaped res-
onating chambers as multiple inverse-acting acoustic
horns significantly effects the overall performance of
the sound screen. The acoustic horn is essentially a
transformer, acting more efficiently than the oscillating
mass alone because the horn creates a better impe-
dance match between the resonating chamber and the
external air. This means that high pressures are created
in the throat area, causing the vibrating air mass at the
neck of the Helmholtz chamber to achieve maximum
resonant amplitudes in frequency bands near the reso-
nant frequency of the chamber. The net result of this
“air coupling” effect is to maximize viscous energy
losses for sound waves entering the Helmholtz cham-
ber. .

An integral part of the proposed Kinematic sound
screen is the Helmholtz resonating chamber. Accord-
ing to the theory developed by Helmholtz, a rigid en-
closure of volume V connected to the external air mass
through a small opening of effective length L and cross-
sectional area A has a resonance frequency w, which
can be expressed by the formula:
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w,=c v ALV,

where ¢ equals the speed of sound in air. At this reso-
nance frequency, the acoustic reactance of the cham-
ber equals zero and the energy impinging on the reso-
nator is radiated back to the external medium exactly
in phase except for some viscous energy losses at the
neck. The result is, theoretically, cancellation of the
energy impinging on the resonator.

While the above described kinematic sound screen is

10

theoretically effective, problems have been encoun- -

tered in practice because of the use of the Helmhotz
resonating chambers. The theoretical operation of the
Helmholtz resonating chamber is that the air in the cav-
ity opening moves in and out as a unit under fluctuating
pressure from the external air. The pressure of the air
inside the cavity changes as it is alternately compressed
and expanded due to movement of the air in the cavity
opening. Furthermore, patterns of standing waves are
generated within the chambers in addition to the oscil-
lating mass of air at the cavity opening. These standing
waves generate additional resonance frequencies which
are higher than the fundamental frequency w, and have
a significant effect on the frequency range over which
damping occurs. However, when positioned in the at-
mosphere, the phenomenon of oscillating air masses
and standing waves within the chamber and at the
chamber openings is substantially effected by wind cur-
rents and other atmospheric conditions. For example,
not.only do the exterior walls of the chambers focus the
incoming sound energy on the chamber openings, but
they also focus wind currents thereon.. These wind cur-
rents apparently modify substantially the pressure of
the air inside the resonator cavities, thereby substan-
tially modifying and-often eliminating or at least effec-
tively reducing the energy cancellation properties of
the chambers, Changes in temperature and humidity
also result in changing operating characteristics of the
resonator chambers. Therefore, while such a sound
barrier appears highly desirable and practical in theory,
it is not as effective in practice.

Finally, the attempts that have been made to gener-
ate sound barriers of the above described type have
used concrete or wood to form the chambers thereby
forming a structure which is almost as expensive as
conventional barriers.

SUMMARY OF THE INVENTION

According to the present invention, there is provided
a sound barrier which offers the potential for eliminat-
ing not only the above described disadvantages of con-
ventional highway noise barriers but also for solving the
problems inherent in sound barriers using Helmholtz
resonating chambers and inverse-acting acoustic horns.
The present sound barrier is not only relatively inex-
pensive but is capable of reflecting, absorbing, and con-
verting sound energy to substantially lower levels under
all atmospheric conditions. With the present sound bar-
rier, effective sound reduction is only slightly depen-
dent upon barrier height and barrier heights of only 6
feet are capable of achieving attenuations of 20 dB and
more. The present sound barrier blends aesthetically
with the surrounding landscape and the motorist is not
given the impression that he is captured within a tunnel
since at freeway speeds, the present sound barrier is vi-
sually transparent. Finally, the present sound barrier is
not effected by wind currents and other atmospheric
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conditions and operates as well in the field as in a test-
ing chamber.

Briefly, the present sound barrier comprises a plural-
ity of hollow, energy dissipating cells, each having a tri-
angular cross-section, mounted in parallel, side-by-
side, spaced relationship as inverse-acting acoustic
horns, first sides of all cells being coplanar or aligned
with ‘a continuous, arcuate surface. Because of the
spacing between adjacent cells, the barrier appears op-
tically transparent at freeway speeds. Each of the cells
has a plurality of openings in the two remaining sides
thereof along the edges which are adjacent the first
side, which openings act as side branch filters for the
incident sound waves and permit entrance of the pres-
sure waves into-the energy dissipating cells. Further-
more,-each cell has a plurality of elongated openings
along the apex defined by the intersection of the two
sides, which openings direct the incoming sound waves
back upon themselves and prevent pressure buildups
within the cells in the presence of air currénts. Thus;
each cell acts as'a sound energy exchanger, receiving
air and sound waves, decreasing the level of the latter,
and re-directing both .in-a definite, prescribed direc-
tion.

Each cell is made in two interlocking parts, one part
preferably forming the first side and the other part
forming the remaining two sides. Each part comprises
a thin outer shell of structurally rigid material, such as
aluminum, steel, or plastic, and an inner lining of sound
deadening material, such: as polyurethane closed cell-
foam or other sound absorbing material. The cells may
be mounted horizontally or vertically along a highway,
freeway, or other heavily traveled thoroughfare or
along the side of any other noise producing source.

OBJECTS

It is therefore an object of the present invention to
provide a novel sound barrier:

It is a further object of the present invention to pro-
vide a highly effective, yet inexpensive sound barrier
which is capable of reflecting, absorbing, and convert-
ing sound energy to substantially lower levels under all
atmospheric conditions.

It is a still further object of the present invention to
provide a sound barrier which is effectively optically
transparent.

It is another object of the present invention to pro-
vide a sound barrier which may be quickly assembled,
disassembled, and retrofitted and which is lightweight
and easy to handle;

It is still another. object of the present invention to
provide a sound barrier which will blend aesthetically
with the surrounding landscape.

Still other objects, features, and attendant advan-
tages of the present invention will become apparent to
those skilled in the art from a reading of the following
detailed description of the preferred embodiments con-
structed in accordance therewith; taken in conjunction
with the accompanying drawings wherein like numerals
designate like parts in the several figures and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a portion of a traffic
thoroughfare with the present barrier in position along
the side thereof;

FIG. 2 is an enlarged perspective view of a portion of
the barrier of FIG. 1;
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FIG. 3 is an enlarged cross-sectional view taken along
the line 3—3 in FIG. 2;

FIG. 4 is an enlarged cross-sectional view of a portion
of the structure of FIG. 3 showing the interlocking con-
nection between the two subassemblies of the present
sound barrier;

FIG. 5 is an exploded view showing the construction
of the thin outer shells of structurally rigid material of
which the sound barrier of FIGS. 1-4 is partially con-
structed; and

FIG. 6 is a perspective view showing the manner in
which the present sound barrier may be used along the
side of an aircraft runway.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Sound propagates through air as a series of fluctua-
tions in the local air density, pressure, and temperature,
as well as disturbances in the positions of air particles.
Since each set of fluctuations is repeated at regular in-
tervals, this form of disturbance can be characterized
as wave motion and treated as such for purposes of de-
scription.

It is the magnitude of the fluctuations in pressure that
make a sound appear to be loud or soft. At a standard
frequency of 1,000 Hz, the minimum audible sound has
been determined to be 0.0002 microbar. At the other
extreme, the maximum tolerable sound pressure with a
frequency of 1,000 Hz that can be safely endured is 200
microbars. Since this represents a very broad spectrum,
it has proven useful to express relative sound pressure
in logarithmic units, which also approximates the man-
ner in which the human ear judges loudness. The loga-
rithmic measure of sound pressure is called the pres-
sure level and is expressed in decibels (dB). The con-
ventional reference used for measuring sound pressure
levels has been arbitrarily set at the threshold of hear-
ing at 1,000 Hz, or 0.0002 microbar. The sound level
expressed in decibels then increases 20 dB for every 10
times increase in sound. _

Tests have shown that sound pressure levels in the
range of 70 to 90 decibels exist on highways, freeways,
and other heavily traveled thoroughfares. On the other
hand, recommended sound pressure lévels for residen-
tial areas, schools, churches, hospitals, offices, and the
like are in the range of 40 to 50 decibels. This repre-
sents a difference in pressure levels between the actual
and the desired of approximately 30 to 40 dB. How-
ever, conventional earthwork and solid wall barriers
positioned on both sides of urban freeways can be ex-
pected to give effective sound reduction in adjacent
areas of 15 dB or less. Barrier heighis of 25 feet or
more, which obviously do not blend aesthetically with
the surrounding landscape, would be necessary to
achieve attenuations of 20 dB or more.

Referring now to the 'drawings and, more particu-
larly, to FIG. 1 thereof, there is shown a sound barrier,
generally designated 10, positioned adjacent the side of
a highway, freeway, or other heavily traveled roadway
11 on which cars 12, buses, trucks and the like travel.
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With reference now to FIGS. 2-5, sound barrier 10
consists of an assembly of hollow, energy dissipating
cells, generally designated 20, each having a triangular
cross-section, which are mounted in paraliel, side-by-
side, relationship with a narrow breathing slot 15 there-
between. Each cell 20 is identical and includes a first
side 21, all of sides 21 typically being coplanar, as
shown in FIGS. 2 and 3. Each cell 21 has two remaining
sides 22 and 23 which all extend in the same direction,
so that all of sides 22 are parallel and all of sides 23 are
parallel.

Each cell 20 has a plurality of inlet openings 24 in
each of sides 22 and 23, openings 24 being spaced
along the edges of sides 22 and 23 which are adjacent
sides 21. Each of cells 20 further has a plurality of out-
let openings 25 along the leading edge or apex thereof
defined by the intersection of sides 22 and 23. As will
be described more fully hereinafter, the size, area, and
number of openings 24 and 25 are chosen to determine
the correct efficiency of sound barrier 10.

According to the preferred embodiment of the pres-
ent invention, and as shown most clearly in FIGS. 3, 4,
and 8§, each of cells 20 consist of two subassemblies, a
rectangular subassembly 26 from which side 21 is con-
structed and a triangular subassembly 27 from which
sides 22 and 23 are constructed. Subassemblies 26 and
277 preferably comprise thin outer shells 28 and 29, re-
spectively, of structurally rigid material, such as fiber-
glass, plastic, wood, concrete, or a sheet or extruded
metal such as aluminum. Subassemblies 26 and 27 are
also preferably lined with sound deadening materials
30 and 31, respectively. Many suitable sound deaden-
ing materials are known but a preferred material is
polyurethane closed cell foam, foamed in place, and
containing a bonding agent to assure a secure bond to
shells 28 and 29, respectively.

With reference primarily to FIGS. 4 and 5, shells 28
and 29 may be extruded continuously in the shape
shown and then cut to any desired length. Each of
shells 28 includes a rectangular back portion 33 and
two side portions 34 and 35 which extend at 90° angles
from the side edges of back portion 33. Shell 28 further
comprises flanges 36 and 37 which extend outwardly
from back 33, parallel but spaced from sides 34 and 38,
respectively, to define narrow slots 38 and 39. The ends
40 and 41 of flanges 36 and 37 are bent through an
angle of 90° so as to extend towards each other, ends
40 and 41 being coplanar with each other and with the
ends of sides 34 and 35. Finally, approximately two-
thirds of the distance between back 33 and ends 40 and
41, flanges 36 and 37 have short dog-legs 42 and 43,
respectively, for reasons which will appear more fully
hereinafter. '

Shell 29 includes a base portion 44 which is bent
through an angle of 120° at the exact center thereof to
form an apex 45 and two sides 46 and 47. The free ends
48 and 49 of sides 46 and 47, respectively, are bent
through angles of 30° relative to sides 46 and 47, re-
spectively, so that they are parallel to each other, as
shown. The spacing between ends 48 and 49 is exactly
equal to the spacing between slots 38 and 39 in shell 28
and the lengths of ends 48 and 49 are slightly smaller
than the depths of slots 38 and 3%. Thus, ends 48 and
49 of shell 29 extend into slots 38 and 39, respectively,
of shell 28. In order to retain ends 48 and 49 in slots 38
and 39, respectively, sides 46 and 47 of shell 29 include
outwardly projecting ears 50 and 51, respectively, at
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the intersection between sides 46 and 47 and ends 48
and 49, respectively, and inwardly projecting ears 52
and 53, respectively, centrally located along ends 48
and 49. The distance between ear 50 and ear 52 and
between ear 51 and ear 53 is equal to the distance be-
tween dog-legs 42 and 43 and ends 40 and 41, respec-
tively, of flanges 36 and 37, respectively, of shell 28.
Thus, when ends 48 and 49 of shell 29 are inserted into
slots 38 and 39, respectively, of shell 28, ears 50 and
51 will rest on the ends of sides 34 and 35, respectively,
and ears 52 and 83 will be captured beneath dog-legs
42 and 43, respectively. The resiliency within the mate-
rial from which shell 28 is formed will permit a slight
deflection of flanges 36 and 37 as ears 52 and 53, re-
spectively, pass between flanges 36 and 37 and sides 34
and 35, respectively.

Each of shells 29 further includes flanges 54 and 55
which extend inwardly from the inner surfaces of sides
46 and 47, respectively, thereof. Flanges 54 and 55 are
coplanar and are spaced from ends 40 and 41, respec-
tively, of sheil 28 by an amount which is slightly greater
than the desired width of inlet openings 24. The ends
56 and 57 of flanges 54 and 58, respectively, are bent
through an angle of 60° so as to extend parallel to sides
46 and 47, respectively, towards apex 45. The spacing
between ends 56 and 57 and sides 46 and 47, respec-
tively, as well as the spacing between ends 40 and 41
and back 33 is determined by the thickness desired for
sound deadening material 30 and 31, respectively.

Finally, each of shells 29 has a plurality of elongated
openings 24 in each of sides 46 and 47, between ears
50 and 51 and flanges 54 and 55, respectively. The
length, width, location, and spacing between openings
-24 will be discussed more fully hereinafter. At the pres-
ent time, openings 25 are not formed in shell 29,

Ends 40 and 41 of flanges 36 and 37, respectively, of
- shell 28 and ends 56 and 57 of flanges 54 and 55, re-
spectively, of shell 29 define the areas of shells 28 and
29 which are to be lined with sound deadening materi-
als 30 and 31, respectively. As mentioned previously,
any suitable sound deadening material may be used al-
though a polyurethane closed cell foam is highly effec-
tive and most desirable. A polyurethane closed cell
foam may be applied to shells 28 and 29 in the manner
described. in copending U. S. Patent Application Ser.
No. 181,703 filed Sept. 21,1971, by Carl E. Derry and
William A. Childs for Thermally Insulated Building
Material and Method and Means for the Manufacture
Thereof. For example, and as described more fully in
such application, shells 28 and 29 may be positioned on
their backs, with the sides to be lined with foam facing
upwardly, and passed beneath a plurality of spray noz-
zles which inject a polyurethane foam, in liquid form,
thereon. Shells 28 and 29 would then be passed be-
+ neath conveyor belts which permit rising of the foam to
the desired shape.

In the case of shell 28, a flat conveyor belt resting on
top of ends 40 and 41 of flanges 36 and 37, respec-
tively, will permit the foam to fill the area defined by
back 33, flanges 36 and 37, and ends 40-and 41 thereof.
In the case of shell 29, a triangular conveyor belt rest-
ing on top of ends 86 and 57 of flanges 54 and 585, re-
spectively, and having a suitable cross-sectional shape
would be required to permit the foam to line the inner
‘surfaces of sides 46 and 47, from flange 54 to flange 55.
Reference to the above-mentioned copending Patent
Application may be had for a fuller explanation of the
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foaming process. In any event, the foam would have a
suitable bonding agent included therein so as to form
a rigid, unitary structure with shells 28 and 29.

It should be evident that using the above described
manufacturing procedure, it would not be possible to
initially form outlet openings 25 in apex 45 of each of
cells 20 since to do so would permit escape of the liquid
foam of which sound deadening material 31 is formed.
Therefore, openings 25 would have to be cut through
apex 45 of shell 29 after the foaming step is completed.
This may be achieved in any suitable manner.

After the foaming step is completed and subassem-
blies 26 and 27 are completely formed, they may be
connected together in the manner described previously
by extending ends 48 and 49 of subassembly 27 into
slots 38 and 39 in subassembly 26. Thereafter, cells 20
may be installed in any suitable manner. For example,
if cells 20 are to be used along a rcadway 11, as shown
in FIG. 1, cells 20 may be formed in 4 or 6 foot lengths
and mountee a short distance from the side of roadway
11. The cells 20 may also be stacked, one above the
other, to any desired height. A suitable mounting tech-
nique would be to support, in any suitable manner, first
and second horizontal, vertically spaced angles 13 and
14 along the side of roadway 11 with first sides 16 and
17 of angles 13 and 14, respectively; coplanar and with
second sides 18 and 19 of angles 13 and 14, respec-
tively, parallel and spaced by an-amount slightly greater
than the length of cells 20. Thereafter, cells 20.may be
positioned between angles 13 and 14, with sides 21
thereof resting against sides 16 and 17 of angles 13 and
14, respectively. A plurality of sheet metal screws 8
may then be extended through a plurality of holes 9
formed in sides 16 and 17 of angles 13 and. 14, respec-
tively, and into backs 33 of sides 21 of cells 20. This
simple procedure permits rapid and efficient assembly
of barrier 10 along the side of roadway 11. Also, side
18 of angle 13 serves as a cover to prevent various
forms of environmental precipitation from getting into
cells 20. On the other hand, to the extent that such pre-
cipitation finds its way into cells 20, it will be drained
therefrom via the space between the bottom of cells 20
and side 19 of angle 14. )

In operation, and with reference to FIGS. 2 and 3, the
improvement in noise attenuation performance of
sound barrier 10 is attributable to the interaction of
several phenomena. In the first instance, the exterior
walls of sides 22 and 23 of cells 20 act as maltiple in-
verse-acting acoustic horns which focus the sound en-
ergy toward openings 24 in cells 20 and 21. More spe-
cifically, sound or noise from a fixed or moving source
produces successive waves 58 of compressed air which
advance toward barrier 10. These waves undergo fur-
ther compression as they travel along sides 22 and 23
between each set of cells 20. In other words, as a first
wave enters the constricting area just beyond apices 485,
there will be some scattering of energy. But if another
wavefront enters the constricting area before the first
has an opportunity to dissipate, then the first wave will
be forced into an area of increasing pressure until it
reaches openings 24 in cells 28. At this point, large am-
plitude vibrations of the air mass adjacent openings: 24
are set up, which vibrations are damped by the remain-
ing structure to be described immediately hereinafter.
However, it is significant to note that the acoustic horns
are essentially - transformers, acting- more efficiently
than the oscillating mass alone because the horn cre-
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ates a better impedence match between openings 24 in
cells 20 and the external air. The net result of this “air
coupling” effect is to maximize viscous energy losses
for sound waves entering cells 20 and 21.

The compressed air which serves as the media for

sound energy propagation is now diverted from a high
pressure zone, at each opening 24, into the adjacent
celis 20, which are at a lower pressure, rapidly expand-
ing within cells 20, thereby dissipating additional en-
ergy. The opposing waves 59 of compressed air flowing
within each chamber 20 now generate turbulent air
swirls which produce additional energy dissipation. The
swirling air patterns within each cell 2@ impact against
sound deadening material 30 and 31, dissipating still
additional sound energy. -

Additional wavefronts 5% of compressed air entering
cells 20 recompress the preceeding wavefronts, pro-
ducing additional energy losses. Thus, the openings in
sides 22 and 23 of cells 20 are a second phenomenon
which contributes to the improvement in noise attenua-
tion performance of sound barrier 10.

The compressed, expanded, and recompressed sound
waves within each cell 20 now respirate through outlet
openings 25 in apices 45 of cells 20 to a low pressure
zone immediately in front of each apex 48, More spe-
cifically, when the successive waves 58 of compressed
air reach apices 45 of cells 20, they are broken up and
directed along sides 22 and 23, between -each pair of
cells 20. This has the effect of creating a partial vacuum
adjacent each apex 45, which partial vacuum draws the
air within cells 20 out through openings 25. The com-
pressed air which serves as the media for sound energy
propagation is now again diverted from a high pressure
zone, within cells 20, adjacent openings 28, back into
the atmosphere, which is at a significantly lower pres-
sure, rapidly expanding and dissipating additional en-
ergy. Furthermore, the wavefronts 60 exiting from
openings 25 propagate in a direction opposed to the in-
coming waves 58 which, by molecular impact, cause
additional energy dissipation.

In other words, the first wavefronts 58 impinging
upon sound barrier 1§ are substantially reduced in en-
ergy level and a substantial portion of the remaining en-
ergy level is directed back upon the incoming sound en-
ergy, thereby decreasing the level of such sound energy
before it even reaches barrier 10. The new wavefronts,
which have now been decreased in magnitude, are re-

circulated through cells 20, as described previously,.

with corresponding energy losses, and a substantial
portion of the remaining energy is then directed back
against successive wavefronts 58. This phenomenon,
integrated together, produces the desired substantial
lowering of sound energy levels.

It should be particularly noted that in theory and in
practice, very little of the incident sound energy is
transmitted through slots 15 between cells 20. Many
factors effect the ratio of the power transmitted to the
input power, such as the area of inlet openings 24, the
characteristic acoustic reactance of celis 20, the char-
acteristic acoustic resistance of cells 28, the volume of
cells 20, and the like. It has been found that as long as
the width of slots 15 is small relative to the width of
sides 21 of cells 20, very little of the incident sound en-
ergy is transmitted through slots 15. By way of exam-
ple, each of sides 21, 22, and 23 of cells 20 may be ap-
proximately 4 inches wide and slots 15 may be one-
eighth inch wide. Openings 24 may be 6 inches long
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10

and one-quarter inch wide and spaced longitudinally by
1% inches. Such a configuration has been found to pro-
duce superior operating characteristics.

On the other hand, slots 15 are necessary since they
permit air circulation between each pair of cells 20, so
as to prevent unwanted air circulation or air pressure
build-up near inlet openings 24. Slots 15 also subdue
diaphragm-like vibrations of the rear walls 33 of cells
20, which otherwise would act as secondary noise
sources. ‘

The relationship between the area of openings 25 to
the area of openings 24 significantly effects the opera-
tion of cells 20. More specifically, since openings 25
are intended to be outlet openings to permit air pres-
sures within cell 20 to respirate, the combined area of
inlet openings 24 should be large compared to the com-
bined area of outlet openings 25. Also, if outlet open-
ings 25 were too large, the turbulent air swirls which
produce energy dissipation within cells 20 would be in-
hibited. By way of example, outlet openings 25 may be
6 inches long by three thirty-second inches wide and
may be spaced longitudinally by 1 foot. With such di-
mensions, the ratio of the combined area of inlet open-
ings 24 to the combined area of outlet openings 25 is
10.77 to 1 and this ratio has been found through tests
to be highly effective. In other words, the ratio of the
combined area of inlet openings 24 in each cell 20 to
the combined area of outlet openings 25 should be at
least approximately 10 to 1. :

It can therefore be seen that in accordance with the
present invention, there is provided a sound barrier 10
which offers the potential for eliminating not only the
disadvantages of conventional highway noise barriers
but also for solving the problems inherent in sound bar-
riers using Helmholtz resonating chambers and inverse-
acting acoustic horns. Sound barrier 1§ is not only in-
expensive, but is capable of reflecting, absorbing, and
converting sound energy to substantially lower levels
under all atmospheric conditions. With sound barrier
10, effective sound reduction is only slightly dependent
upon barrier height and barrier heights of only 6 feet
are capable of achieving attenuations of 20 dB and
more. Sound barrier 1§ blends aesthetically with the
surrounding landscape and a motorist in vehicle 12 is
not given the impression that he is captured within a
tunnel since at freeway speeds, sound barrier 18 is visu-
ally transparent.

Of greatest significance, sound barrier 10 is not ef-
fected by wind currents and other atmospheric condi-
tions and operates as well in the field as in a testing
chamber. The wind currents which are focused by walls
22 and 23 towards openings 24 in cells 20 respirate not
only through slots 15 but also through cells 28 via inlet
and outlet openings 24 and 285, respectively. Thus,
these wind currents do not modify or reduce the energy
cancellation properties of barrier 1§. Rather, each cell
20 acts as a sound energy exchanger, receiving air and
sound waves and redirecting them, the latter in de-
creased form, in a definite, prescribed direction. Cells
20 are thus distinguishable from Helmholtz chambers
which function only as resonators.

In the embodiment of FIG. 1, cells 20 are shown hav-
ing a length of approximately 4 feet and as being
mounted vertically along the side of roadway 11. How-
ever, it will be apparent to those skilled in the art that
other configurations are possible. For example, and
with reference to FIG. 6, there is shown a sound bar-
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rier, generally designated 70, positioned adjacent the

- side of an airport runway 71 on which aircraft 72 take

off and land. Barrier 70 consists of a plurality of hollow,
wedge-shaped, . energy dissipating cells 72 which are
identical in construction and operation to cells 20. 5
However, each of cells 73 is quite long and cells 73 are
mounted horizontally in parallel, side-by-side, spaced
relationship along the sides of runway 71. Cells 73 may
be mounted with first sides coplanar or may be
mounted with first sides positioned along an arcuate
supporting surface 74. This latter configuration has the
advantage of redirecting some of the incident sound en-
ergy upward and not back towards aircraft 72. Other
configurations and orientations of energy dissipating
cells constructed in accordance with the teachings of 13
the present invention will be apparent to those skilled
in the art. o

While-the invention has been described with respect
to the preferred physical embodiments: constructed. in
accordance therewith; it will be apparent to those
skilled in the art that various modifications and im-
provement may be made without departing from the
scope and spirit of the invention. Accordingly, it is to
be understood that the invention is not to be limited by

the specific illustrative embodiments, but only by the 25
scope of the appended claims:

I claim: '

1. A sound barrier comprising:

a plurality of hollow, energy dissipating cells, each 30

having a triangular cross-section, mounted in-paral-
lel, side-by-side, spaced relationship with-first sides
of all of said cells being coplanar or aligned with a
continuous, arcuate surface and the remaining two
sides of all of said cells extending in the same direc-
tion, towards a source of sound;

each of said cells having a plurality of inlet openings

in each of said remaining two sides thereof, said
inlet openings being spaced along the edges of said
two sides which are adjacent said first side;

each of said cells further having at least one elon-

gated outlet opening along the apex thereof de-
fined by the intersection of said two sides, the com-
bined area of said plurality of inlet openings in each
cell being substantially greater than the area of said
elongated outlet.opening in each cell.

2. A sound barrier according to claim 1 wherein the
spacing between adjacent cells is substantially smaller
than the width of said first sides thereof.

3. A sound barrier according to claim 1 wherein the
lengths of said inlet openings are at least four times
greater than.the spacing between adjacent openings.

4. A sound barrier according to claim 1 wherein the
- combined area of said plurality of inlet openings in

each cell is approximately ten times the area of said
elongated outlet opening in each cell.

S, A sound barrier according to claim 4 wherein each
of said cells has a plurality of said outlet openings
spaced along said apex thereof.

6. A sound barrier according to claim 1 wherein each
of said cells comprises:

a thin outer shell of structurally rigid material and an

inner lining of sound deadening material.

7. A sound barrier according to claim 6 wherein said
outer shell is made from sheet metal.

" 8. A sound barrier according to claim 6 wherein said
- outer shell is made from aluminum.
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12
9. A sound barrier according to claim 8 wherein said
sound deadening material is. polyurethane. closed cell
foam. ‘ '
16. A sound barrier according to claim 6 wherein
said sound deadening material is polyurethane closed
cell foam.

11. A sound barrier according to claim .1 wherein
each of said cells consists of two subassemblies, a first
generally rectangular subassembly from which said first
side is formed and a'second generally triangular subas-
sembly from which said remaining two sides. are
formed, said first and second subassemblies including
means for forming an interlocking connection therebe-
tween.

12. A sound barrier according to claim .11 wherein
each of said subassemblies comprises:

a thin outer shell of structurally rigid material and an

inner lining of sound deadening material.

13. A sound barrier according to claim 12

¢ 2 wherein -
said shell of said first subassembly comprises: '

a rectangular back portion;

two perpendicular side portions; and

first and second flanges which extend outwardly from
said back portion, parallel to and spaced:from said
side portions to define narrow slots therebetween;
and wherein said shell of said second subassembly
comprises:

a base portion which is bent through an angle of 120°
at the exact center thereof to form said apex and
said two remaining sides, the free ends of said sides
being bent through angles of 30° so as to be parallel
to each other, the spacing between said ends being
exactly equal to the spacing between said slots in
said first-subassembly whereby said ‘ends extend
into said slots. - : ' ‘

14. A sound barrier according to claim 13 wherein
said means for forming an interlocking connection be-
tween said subassemblies comprises:

a dog-leg in said flanges of said first subassembly;

an outwardly projecting ear at each intersection be-
tween said sides and said ends of said second subas-
sembly; and

an inwardly projecting ear centrally located along
each of said ends of said second subassembly, the
distance between each outwardly projecting ear
and each inwardly projecting ear being equal to the
distance between said dog-legs and the ends of said
flanges whereby said outwardly projecting ears rest
on the ends of said side portions of said first subas-
sembly and said inwardly projection ears aie cap-
tured beneath said dog-legs in said flanges of said
first subassembly. _

15. A sound barrier according to claim 13 wherein
said lining of sound deadening material of said first sub-
assembly extends between said first and second flanges
thereof.

16. A sound barrier according to claim 13 wherein
said shell of said second subassembly further com-
prises: }

first and second flanges extending inwardly from the
inner surfaces of said sides thereof, said flanges’
being coplanar and spaced from said ends of said
sides by an amount which is slightly greater than
“the width of said inlet openings, said lining of sound
deadening material of said second subassembly ex-
tending along the inner surfaces of said sides of said
shell, between said flanges thereof.

17. A sound barrier according to claim 16 wherein
said inlet openings extend between said first and sec-
ond flanges and the adjacent ends of said sides of said

base portion of said shell of said second subassembly.
* * * * *



