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This invention relates to a sound correction means
consisting of a plurality of acoustic tiles for attachment
to a surface, such as a wall, ceiling, or partition. '

The present invention is an improvement of the struc-
tures shown in Patents Nos. 2,090,043, granted August
17, 1937, and 2,161,708, granted June 6, 1939, to P. K.
Heerwagen.

One of the principal objects of the mventlon is to pro-
vide an acoustic unit or tile having means for connecting
the same to adjacent tiles and to a supporting surface
which is provided with a plurality of free corners, where-
by said corners may vibrate without interference from its
supporting surface or from the surfaces of adjacent tiles.

An additional object of the invention is to provide an
acoustic tile which is so constructed that sound waves
which strike the surface of the tile diaphragm are vari-
ably dispersed, due to.the non-symmetrical diaphragmatic
action, due to the fact that certain of the sides of the
tile are fixed to a supporting surface, while other s1des are
not fixed to said surface.

An additional object of the invention is to-provide in
connection with the structure set forth in the next penulti-
mate paragraph, means whereby sound waves which strike
the diaphragm are absorbed by the trapped or dampened
air space, which absorption of said sound waves is aug-
mented by the free portions of certain of the sides and
ends of each tile. Said free portions act both as a reed
and as a bellows, in that they accelerate both the dia-
phragmatic action of the tile and the air which is trapped
in the space formed by. the diaphragm and the walls of
the tile. The reed function of the free tile sides is:the
same .as. a reed which vibrates through. certain sound
frequencies, and the béllows function of the tile allows
a slow escape of the trapped air, and a diffusion of sound
waves takes place of those waves which strike the sur-
face: of the diaphragm portion, These are minutely dif-
fused or broken up, due to the non-symmetrical move-
ment of the diaphragm and the periodic osc111at10n action
of the free portions of the inclined tile sides.

Yet another objéct of the invention is the provision
of an acoustic tile which is.so constructed that sound
waves.are clarified of all harshness and of unwanted noise,
such as reverberations and echoes, resulting in purified
tones of sound and pitch.

A further ob]ect of the mvenmon is to provide an
acoustic tile which is characterized by a high propornon
of absorption of sound of low frequencies.

Other objects will :be apparent from the following
description taken in comnection with the accompanying
drawmgs, in which:

'Figure 1 is plan view of a plurality of tiles of the present
invention which are connected to each other; i

Flgure 2 is a side elevational view .of the structure
shown in Flgure 1;

Figure 3 is a sectlonal view taken on the line 3——3 of
Figure 1;

Figure 4 is a sectlonal v1ew taken on the line 4—4 of
Figure 1;

10

15

20

25

30

35

40

45

50

55

60

65

70

2

Figure 5 is a plan view of one of the tiles shown in
Figure 1; and

Figure 6 is a side elevational view of the structure
shown in Figure 5.

Theory

There are three well known wasy whereby sound in-
tensity is absorbed upon impinging on a wall and may be
described by the terms viscous, resilient, and mem-
branous (or diaphragmatic).. The materials that absorb
by viscous damping are usually most effective in the high
frequencies. Resilient materials, such as carpets, are gen-
erally effective in the middle range while membranous
materials are particularly effective in the lower fre-
quencies. Since higher frequencies are absorbed in part
by the air, and since there are no materials as effective
as the diaphragmatic type for the lower frequency ranges,
the importance of this type material for stopping un-
wanted reflected sounds is easily seen.

The theory that explains the absorbing characteristics
of the acoustic tile of this invention is associated with
the mechanical hysteresis found in all actual vibrating
bodies. A perfectly elastic body follows Hooke’s law
when subjected to a distorting force, and a graph of the
stress as ordinates plotted against strain as abscissae will
be a straight line. Since there is always some internal
resistance, the actual force necessary to cause a given dis-
tortion is greater than that which is called for according
to Hooke’s law for increasing stresses and less than that
which is called for according to Hooke’s law for de-
creasing forces. This internal resistance will produce a
loop in the stress-strain graph, the area of which is a
measure of the internal resistance; i. e., mechanical hys-
teresis. As a sound absorber, the energy dissipated is
measured by the internal resistance (r) or resistances,
multiplied by the square of the velocity (v) of motion
of the vibrating mass, or masses. The study of the
energy dissipation for' the vibrating system may be ap-
proached in a manner analogous to the electrical resonant
circuit by the following method: Let the mass reactance
be mw, and the elastic reactance be s/w, where m, w,
and s represent the effective vibrating mass, the angular
velocity (2#f), and the force per unit displacement, re-
spectively. The reactive energy factor, Q, defined here
as the mass reactance to the mechanical resistance, yields
the equation, Q=mw/r. When defined as above, Q may
be evaluated also, at the resonant frequency, fo, by the
equation, Q=/fo/fe—f1), where f1 and f2 are frequencies
whose amplitudes are 1/+/2 that of the resonant fre-
quency (fo). Moreover, a zero reactance at the resonant
frequency gives mw=s/w so that r=s/wQ. Since s, the
force per unit displacement may be measured experi-
mentally, a method is indicated here for calculating the
mechanical resistance, . The rate of dissipation of
acoustical energy at the resonant frequency will be
(¥4 )rvm? where vm is the maximum velocity of the v1brat-
ing mass.

Application of the above simplified -theory in the var-
ious experiments has been of great value in checking the
explanations for the absorption characteristics noted.

' Vibration characteristics

The vibration characteristics have been studied by at-
taching a tiny electrodynamic-type microphone probe to
positions on top of the diaphragmatic section. The mi-
crophone is connected to an amplifier with proper con-
trols. The figure below shows a top view of a stand-
ard sized -tile with four positions lettered only. A de-
scription of what happens here when sound impinges on
the surface is typical of the vibratory patterns for other



2,796,636

o 3.
sections. Sound is generated at constant voltage and the
vibratory characteristics are plotted.
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Four numbered positions

Resonant peaks in one E-I tile were found at position 1
for approximate frequencies 380 (very pronounced), 950,
and 2100; at position 2 for approximate frequencies 260
(fairly pronounced), 725, 1000, and 3000; at position 3
for approximate frequencies 260 (very pronounced), 1000,
and 2050; at position 4 for approximate frequencies 700
(large), 2050, and 4000.

It is important to note that there are several non-
harmonic frequencies at which the material vibrates and
that the material does not vibrate in a single frequency
pattern but has several superimposed non-harmonic vibra-
tions. This should be expected in view of what is known
about the non-harmonic vibration characteristics of rec-
tangular plates and of disks.

The experiments were conducted with and without a
closed back for trapping the air. The experiments showed
that the resonant velocity amplitude peaks were much
greater when the air was sealed under the tile. This is
important in installation of the tile.

Role of trapped air

A resonant frequency for the vibrating tile may be cal-
culated as soon as the impedance of the material can be
determined. Since complete impedance calculations are
difficult, a simple approach to a resonant frequency cal-
culation is to assume the simplest possible physical con-
ditions. There are three important reactive terms: (1)
the mass reactance, (2) the mechanical stiffness, (3) the
air reactance; i. e., trapped air. A much better approxi-
mate cause of the absorption could be calculated by use
of (3) combined with (1) rather than (2) combined with
(1). Calculation of one prominent resonant frequency
by combination of (1) and (3) gives

f={(c/2m) (SPo/1m)1/2=390 cycles/sec.

for one approximate resonant frequency. This ‘means
that the stiffness of the material is less important than
the trapped air to fix the maximum abserption frequency
patterns. In the above formula, ¢ is the velocity of sound,
S is the cross-sectional area, Py is the density .of air, 1 is
the depth of the tile, and m is the mass of the vibrating
tile.

One should -carefully note that peak absorptions are
found at each frequency region where .a resonant vibra-
tion is found.

Acoustically alive room without reverberation

An acoustically alive room.must be corrected for rever-
beration time so that the whole room is properly treated
rather than the rocm on the .average being properly
treated. A room corrected by materials that leave the
room with dead sections, often described as “spotty,” are
unsatisfactory and appear to be lifeless. The room de-
parts from the simple sabine geometrical sound pattern
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assumed to be desirable for good room acoustics. Since
dispersive centers for the sound is a valuable corrective
feature for diffusing the sound pattern, the acoustic tile
of the present invention offers this valuable dispersive
characteristic as one of its acoustical advantages.

The more desirable acoustic naturalness of voice or
music is obtained, therefore, with the acoustic-diaphrag-
matic tile of this invention, as well as the needed absorp-
tion, since this absorbing material supplies its own dis-
persion centers because of its non-symmetrical absorbing
characteristics. Acoustic naturalness in rooms treated
with this material have been noted by many people.

The acoustical liveliness found in the tile of the present
invention is further enhanced by the very nature of the
sound frequency patterns. Both musical and spoken
sounds are made up of widely variable frequencies.
Hence the multiple diffusing and absorbing centers are
changing continuously. The sound is more diffused for
liveliness and is absorbed at the same time.

Referring to the drawings, in which the numerals desig-
nate like parts in each of the several views, 10 designates
a unit, panel, or tile made from any suitable resonant or
sound wave vibratory material which has diaphragmatic
qualities, such, for example, as sheets composed of
treated organic fibers, or inorganic substances. Specifi-
cally, pulp board may be used, but preferably sheets of
unwoven cotton fabric impregnated with plastics and other
impregnants have been found to produce satisfactory
results.

The size of the individual units or tiles is not critical,
but satisfactory results have been obtained by the cover-
ing of a wall or ceiling with square units whose dimen-
sions are about 12" x 12”. While units of this size are
typical, other installations may permit the use of smaller
or even much larger tile where a single unit will suffice
to cover an entire wall, ceiling, or other area.

It will further be understood that the configuration or
design may be varied, and may be of a different shape
than the square shape which has been shown for pur-
poses of illustration. The units can be made at the site
of construction of the -structure in which they are to be
used, but preferably are prefabricated at the factory.

Each tile has a diaphragm portion 12 in the general
shape -of a pyramid provided with an apex 14, and sides
or lips 16, 18, 20, and 22 that incline to the surface 24;
i. e., the plane of the -wall or ceiling to which the units
are attached. Actually, the amount of incline is slight.
Each tile has a square depression 26 forming the marginal
edges of the diaphragm, although a round, oblong, or a
depression of a different design may be used in place of
the depression shown.

As shown In the several figures, each tile has a pair of
securing flanges 28 and 30, one preferably being inte-
grally joined to the .other, while the other two sides 16 and
18 do not have flanges. -Flanges 28 and 30 terminate at
the edges 32 and 34 respectively, which edges are located
inwardly of the diametrically opposite corners 36 and 38
respectively. The other diametrically opposite corners
are indicated at 40 and 42, as shown in Figure 5. As
stated ‘hereinafter, this construction provides three “free”
or vibrating corners 36, 38, and .40 -and one fixed cor-
ner 42. .

Each flange 28 and 30 has a pair of buttons or humps
44 and- 46 respectively; although it is possible to provide
a single hump, or three or more humps on each flange,
according to conditions to be met in actual constructions,
or the materials used in the tiles. These buttons or
humps are préssed-up portions of the material of the
flanges .28 and 30 and .are formed, as are -the apex 14,
depression 26, sides 16, 18, 20, and 22, and the flanges
themselves,-during the shaping of the units as part of the
manufacturing operation. Said buttons assist in inter-
lacking the-sides of adjacent .tiles without disturbing the
vibratory movements thereof during theé absorption of
sound waves thereby. ’
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The tiles are affixed to a supporting surface such as
the wall or ceiling 24 by adhesive 48 which is applied to
the undersurface portions 58 of flanges 28 and 36. In
this manner only portions of two of the sides of each tile
are held to a supporting surface; and two of the sides,
i. e. sides 16 and 18, as well as corners 36, 38, and 48,
together with diaphragm portion 12, are free to vibrate
in accordance with sound waves which strike the
diaphragm.

As seen in Figure 3, wherever the inner side 52 of a
button 44 or 46 of one unit is in juxtaposed position to
. the inner portion 54 of side walls 16 and 18 of another

unit, an adhesive 56 is applied. In other words, the
humps on the two flanges of one unit are for the purpose
of securing the free edge or side of an adjoining tile.
In place of, or supplemental to, such adhesive, a tack or
staple (not shown) may be used. Also in place of, or
supplemental to, the adhesive 48, tacks, nails, or other
mechanical fastenings could be used to attach flanges
28 and 30 to the surface 24.

Figure 3 only shows adhesive at 56, but, if necessary,
adhesive may be applied in the space between hump 46
and side 22 covering the exterior face of 16 at the hump
area. If this were done and it is preferable in many
instances, two units 1§ would be assembled by applying
adhesive on the underside of both flanges of the two
units, Thereafter, one unit is placed on the surface 24
and adhesive is applied to that unit in the space between
side 22 and the humps 46. Then a side 16 of the second
tile is received, as shown in Figure 3, just prior to its
application to the surface 24. It is clear that the space
between the hump and side 22 is preferably the only area
where the free edge 16 would be secured.

It will be understood that the acoustical vunit herein
described may not only be used in surfacing walls and
ceilings in residences, apartments, auditoriums, schools,
churches, and theaters, but also in aircraft and other
vehicles of various kinds, such as ships, trains, and auto-
mobiles. The invention has further application in the
electronics field, such as in cabinets for radio and tele-
vision sets.

The above description and drawings disclose several
embodiments of the invention, as specific language has
been employed in describing the several figures. It will,
nevertheless, be understood that no limitations of the
scope of the invention are thereby contemplated, and
that various alterations and modifications may be made
such as would occur to one skilled in the art to which
the invention relates.

Having thus described the invention, what is claimed
as new and what is desired to be secured for Letters
Patent is:

1. An acoustic tile construction comprising a hollow
box-like unit formed from a substantially rectangular
diaphragm portion and integral sides extending at a
slight outward slope from the edges of said portion for
spacing the portion from the surface to which it is to
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be secured, said sides and portion forming four corners,
the terminating edges of a pair of juxtaposed sides hav-
ing an out-turned securing flange integrally connected
therewith and engageable with the surface for mounting
the unit thercon, each flange having one end thereof
terminating substantially at the corner common to said
pair of sides and its other end terminating short of the
other corner of which each of said pair of sides forms a
part, means for securing the flanges to the surface
whereby three of said corners, a pair of sides and said
diaphragm may vibrate in accordance with sound waves
which strike said diaphragm, and means for securing a
pair of flangeless sides of similar tile construction to said
unit without substantially interfering with the said vibra-
tory movement, said last named means including at least
one projection upstanding from each of said flanges, each
projection being spaced from the ends of its respective
flange, each flange being substantially flat for a distance
from its ends at least several times as long as the width
of the flange.

2. An acoustic tile construction as defined in claim 1
wherein the flanges are joined at the common corner to
fix said common corner on the surface when the unit is
secured thereto.

3. An acoustic tile construction as defined in claim 1
wherein each projection is also spaced from the side from
which a flange extends whereby a portion of a side of
the similar tile construction may be positioned there-
between and secured in such position by adhesive.

4. An acoustic tile construction as defined in claim 3
wherein there are only two. projections on each flange,
both of which are relatively small compared to the size
of said flanges and are spaced substantially from the
other ends thereof and from each other, said projections
being raised portions forming humps in said flanges.

5. An acoustic tile construction as defined in claim 4
wherein the diaphragm portion is of a configuration
similar to a pyramid and is provided adjacent its marginal
edges with a continuous depression, said sides sloping
outwardly from the edges of said diaphragm portion to
form therewith angles slightly greater than right angles.
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