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(57) Abstract: Panels for use in building construction (partitions, walls, ceilings, floors or doors) which exhibit improved acous-
tical sound proofing in multiple specific frequency ranges comprise laminated structures having as an integral part thereof one or
w=y more layers of viscoelastic material of varied shear moduli which also function as a glue and energy dissipating layer; and, in some
\f) embodiments, one or more constraining layers, such as gypsum, cement, metal, cellulose, wood, or petroleum-based products such
I as plastic, vinyl, plastic or rubber. In one embodiment, standard wallboard, typically gypsum, comprises the external surfaces of the

laminated structure.
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ACOUSTICAL SOUND PROOFING MATERIAL WITH IMPROVED DAMPING AT
SELECT FREQUENCIES AND METHODS FOR MANUFACTURH\TG SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  The present application relates to U.S. patent application
Serial No. 11/772,197 filed June 30, 2007 by Brandon D. Tinianov entitled “Acoustical

Sound Proofing Material With Improved Damping At Select Frequencies And Methods For
Manufacturing Same”

BACKGROUND

[0002] Noise control constitutes a rapidly growing economic and public policy concern
for the construction industry. Areas with high acoustical isolation (commonly referred to as
‘soundproofed’) are requested and required for a variety of purposes. Apartments,
condominiums, hotels, schools and hospitals all require rooms with walls, ceilings and
floors that reduce the transmission of sound thereby minimizing, or eliminating, the
disturbaﬁce to people i adjacent rooms. Soundproofing is particularly important in
buildings adjacent to public transportation, such as highways, airports and railroad lines.
Additionéﬂy theaters, home theaters, music practice rooms, recording studios and the like
require increased noise abatement. Likéwise, hospitals and general healthcare facilities
have begun to recogmze acoustical comfort as an important part of a patient’s recovery
time. One measure of the severity of multi-party fésidential and commercial notise control
issues is the widespread emergence of model building codes and design guidelines. that
specify minimum Sound Transmission Class (STC) ratings for specific wall structures
within a building. Another measure is the broad emergence of litigation between
homeowners and builders over the issue of unacceptable noise levels. To the detriment of
the U.S. economy, both problems have resulted in major b.uilders refusing to build homes,
condos and apartments in certain municipalities; and in widespread cancellation of liability
insurance for builders. The International Code Council has established that the minimum

sound isolation between multiple tenant dwellings or between dwellings and corridors is a

lab certified STC 50. Regional codes or builder specifications for these walls are often STC
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60 or more. It 1s obvious that the problem 1s compounded when a single wall or structure is

value engineered to minimize the material and labor involved during construction.

[0003] It 1s helpful to understand how STC is calculated in order to improve the
performance of building partitions. STC is a single-number rating that acts as a weighted
average of the noise attenuation (also termed transmission loss) of a partition across many
acoustical frequencies. The STC 1s derived by fitting a reference rating curve to the sound
transmission loss (TL) values measured for the 16 contiguous one-third octave frequency
bands with nominal mid-band frequencies of 125 Hertz (Hz) to 4000 Hertz inclusive, by a
standard method. The reference rating curve is fitted to the 16 measured TL values such
that the sum of deficiencies (TL values less than the reference rating curve), does not
exceed 32 decibels, and no single deficiency is greater than 8 decibels. The STC value is
the numerical value of the reference contour at 500 Hz. For maximum STC rating, it is

desirable for the performance of a partition to match the shape of the reference curve and

minimize the total number of deficiencies.

[0004] An example of materials poorly designed for performance according to an STC-
based evaluation 1s evident in the case of many typical wood framed wall assemblies. A
single stud wall assembly with a single layer of type X gypsum wallboard on each side is
recognized as having inadequate acoustical performance. That single stud wall has been
laboratory tested to an STC 34 — well below building code requiréments. A similar wall
configuration consisting of two layers of type X gypsum wall board on one side and a
single layer of type X gypsum board on the other is an STC 36 — only a slightly better
result. In both cases, the rating of the wall 1s limited by poor transmission loss at 125, 160
and 2500 Hz. In many cases, the performance is about five to ten decibels lower than it is at
other nearby frequencies. For example, at 200 Hz, the wall performs about 12 decibels
better than it does at the adjacent measurement frequency, 160 Hz. Similarly, the same

assembly performs five decibels better at 3150 Hz than it does at 2500 Hz.

[0005] Additionally, some walls are not designed to perform well with specific regard
to an STC curve, but rather to mitigate a specific noise source. A good example is that of
home theater noise. With the advent of multi-channel sound reproduction systems, and

separate low frequency speakers (termed °‘subwoofers’) the noise 1is particularly

2
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troublesome below 100 Hz. The STC curve does not assess Wé]ls or other partitions in this

frequency range. Materials or wall assemblies should be selected to isolate this low

frequency sound.

[0006)  Various construction techmiques and products have emerged to address the
problem of noise \control, but few are well suited to target these specific problem
frequencies. Currently available choices include: additional gypsum drywall layers; the
addition of resilient channels plus additional isolated drywall panels and the addition of
mass-loaded vinyl barriers plus additional drywall panels; or cellulose-based sound.boa.rd.

All of these changes incrementally help reduce the noise transmission, but not to such an

extent that identified problem frequencies would be considered fully mitigated (restoring

privacy or comfort). Each method broadly addresses the problem with additional mass,

1solation, or damping. In other words, each of these is a general approach, not a frequency

specific one.

[0007] More recently, an alternative building noise control product héving laminated
structures utilizing a viscoelastic glue has been introduced to the market. Such structures
are disclosed and claimed in U.S. Pat. No. 7,181,891 issued February 27, 2007 to the
assignee of the present application.

Laminated structures disclosed and claimed in the ‘891 Patent include

gypsum board layers and these Iamjilated structures (sometimes called “panels”) eliminate
the need for additional materials such as resilient channels, mass loaded vinyl barriers, and
additional layers of drywall during imitial construction. The resulting structure mmproves

acoustical performance over the prior art panels by ten or more decibels in some cases.
However, the described structures are another general frequency approach. In certain of
these structures a single viscoelastic adhesive (with damping) is incorporated into the
laminated panel. As will be demonstrated later, such adhesive is designed to damp sound
energy within a single frequency band with poorer performance in other sound frequency

ranges. For this reason, these structures compromise performance in certain frequency

ranges in an attempt to best match the STC curve.

[6008] Accordingly, what 1s needed 1s a pew material and a new method of

construction that allows for the maximum reduction of noise transmission at low

3
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frequencies, high frequencies, or both simultaneously. What is needed is a panel tuned for

performance at multiple problem frequencies.

[0009] A figure of ment for the sound attenuating qualities ot a matenal or method of
construction is the material's Sound Transmission Class (STC). The STC number 1s a
rating which 1s used in the architectural field to rate partitions, doors and windows for their
effectiveness in reducing the transmission of sound. The rating assigned to a particular
partition design is a result of acoustical testing and represents a best fit type of approach to
a set of curves that define the sound transmission class. The test is conducted in such a way
as to make measurement of the partition independent of the test environment and gives a
number for the partition performance only. The STC measurement method is defined by
ASTM E90 “Standard Test Method Labbratory Measurement of Airborne Sound

" Transmission Loss of Building Partitions and Elements,” and ASTM E413 “Classification

for Sound Insulation,” used to calculate STC ratings from the sound transmission loss data

for a given structure. These standards are available on the Internet.

[00010] A second figure of merit is loss factor of the panél. Loss factor is a property of a
material which is a measure of the amount of damping in the material. The higher the loss -
factor, the greater the damping. The primary effects of increased panel damping are
reduction of vibration at resonance, a more rapid decay of free vibrations, an attenuation of

structure-borne waves in the panel; and increased sound isolation.

[00011] Loss factor is typically given by the Greek symbol “g”. For simple coating
materials, the loss factor may be determined by the ASTM test method E756-04 “Standard
Test Method for Measuring Vibration-Damping Properties of Materials.” This standard is

available on the Internet. For more complicated structures, such as

the ones described in the present invention, a nonstandard test method or computer model

must be employed to predict or measure the composite material loss factor. A loss factor of
0.10 is generally considered a minimum value for significant damping. Compared to this

value, most commonly used materials, such as wood, steel, ceramic and gypsum, do not

have a high level of damping. For example, steel has a loss faétor of about 0.001, gypsum

wallboard about 0.03, and aluminum a loss factor of about 0.006.
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- [00012] In order to désign or assess the damping properties of a laminated panel that

uses constrained layer damping, a predictive model is used such as the well known model
first suggested by Ross, Kerwin, and Ungar. The Ross, Kerwin, and Ungar (RKU) model
uses a fourth order differential equation for a uniform beam with the sandwich construction

of the 3-layer laminated system represented as an equivalent complex stiffness.

[00013] The RKU model is covered in detail in the article “Damping of plate flexural
vibrations by means of viscoelastic laminae” by D. Ross, E.E. Ungar, and E.M. Kerwin -
Structural Damping, Section IIASME, 1959, New York.

The topic 1s also well covered with specific regard to

panels by Eric Ungar in Chapter 14, “Damping of Panels” in Noise and Vibration Control
edited by Leo Beranek, 1971. An extension of this model to systems with more than three
layers has been developed by David Jones in section 8.3 of his book Viscoelastic Vibration -
Damping. This model is used in all of the predictive calculations used for the present

invention.

'SUMMARY OF THE INVENTION

| [00014] In accordance with the present invention, a new laminated structure and

associated manufacturing process are disclosed which significantly improves the ability of

a wall, ceiling, floor or door to resist the transmission of noise from one room to an

adjacent room, or from the exterior to the interior of a room, or from the interior to the

exterior of a room at both low frequencies and high frequencies.

[00015] In one embodiment the structure comprises a lamination of several different
materials. In accordance with one .embodiment, a laminated substitute for drywall
comprises a first layer of selected thickness gypsum board which is glued to a center
constraining material, such as 32 gauge sheet steel. The first adhesive has a shear modulus
designed to achieve maximum damping at a target frequency such as 160 Hz. On the
second surface of the steel constraining layer, a second layer of selected thickness gypsum
board is glued in place using a second adhesive layer. The second adhesive layer has a
different shear modulus to achieve maximum damping at a different frequency such as

2500 Hz. In one embodiment, the glue layers are two versions of a specially formulated

QuietGlue® adhesive, which 1s a viscoelastic material available from Serious Matenals,
5
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1250 Elko Drive, Sunnyvale, CA 94089. In addition to the typical chemicals that make up the
QuietGlue® adhesive, additional plasticizing compounds are added to aid the shift of the
shear modulus to achieve maximum damping at a different frequency while keeping other

adhesive material properties constant.

- [00016] Formed on the interior surfaces of the two gypsum boards, the glue layer 1s about

1/16 inch thick. In one instance, a 4 foot x 8 foot panel consisting of two Y4 inch thick gypsum
wall board panels laminated over a 30 gauge steel sheet using two 1/16 inch thick layers of
glue has a total thickness of approximately 5/8 inch. When used on both sides of a standard
single wood stud frame, the assembly has an STC value ot approximately 54. For comparison,

a similar wall assembly constructed with 2 inch thick standard gypsum wallboard has an STC

rating of approximately 34. The result 1s a reduction in noise transmitted through the wall

structure of approximately 20 decibels compared to the same structure using common

(untreated) gypsum boards of equivalent mass and thickness, and construction etfort.

[00016a] According to an embodiment, there 1s provided a laminated panel for use in
building construction comprising: a first layer of material having an external surface and an
internal surface; a second layer of material having an external surface and an internal surface;
a layer of glue 1n contact with the internal surface of said first layer of material and with the
internal surface of said second layer of material, thereby to bond together the first layer of
material and the second layer of material, said layer of glue being made up of at least two
different glues, including a first glue having a first shear modulus and a second glue having a
second shear modulus; wherein said first glue 1s formed in a first pattern and said second glue

1s formed 1n a second pattern such that said first glue does not materially overlap said second

glue; wherein the first and second glues have a first and second shear moduli between 10° and

10’ Pa; and further wherein the first and second shear moduli are different by a factor of

between 2 and 1000.

[00016b] According to another embodiment, there 1s provided a laminated panel for use in
building construction comprising: three or more layers of material, two of said three or more

layers of material each having an external surface and an internal surface and the third layer of
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material and any additional layers of material having only internal surfaces; the third layer ot -

material comprises a constraining layer of material between the internal surfaces of two of

“said three or more layers of material; at least two layers of glue, each layer of glue being in

contact with the internal surfaces of at least two layers of materials, each layer of glue
bonding together the two layers of material with which the layer of glue 1s 1n contact, and at
least one of said two layers of glue having a different shear modulus from the shear moduli ot
the other or others of said at least two layers of glue; and further wherein at least one of said -
two layers of glue comprises a first glue formed 1n a first pattern and a second glue formed 1n
a second pattern such that said first glue does not materially overlap said second glue; wherein
the first and second glues have a first and second shear moduli between 10° and 10’ Pa; and

further wherein the first and second shear moduli are different by a factor of between 2

and 1000.
BRIEF DESCRIPTION OF THE DRAWINGS

[00017] This invention will be more fully understood in light of the following drawings

taken together with the following detailed description in which:

FIG. 1 shows an embodiment of a laminated structure fabricated in accordance with

this invention for minimizing the transmission of sound through the material.

FIG. 2 shows another embodiment of a laminated structure fabricated in accordance

with this invention for minimizing the transmission of sound through the material.

FIG. 3 shows another embodiment of a laminated structure fabricated in accordance

with this invention for minimizing the transmission of sound through the material.

FIG. 4 shows the computed loss factor associated with several laminated panels,

ecach with a single glue formulation.

6a
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FIG. 5 shows the computed loss factor associated with several laminated panels,

ecach with a single glue formulation and the computed loss factor associated

with a dual glue embodiment of the present invention.

FIG. 6A 1s a plan view of a wall structure wherein one panel of the wall

structure 600 comprises a laminated panel constructed in accordance with an

embodiment of the present invention.

FIG. 6B is a cross sectional view taken along lines 6B-6B in FIG. 6.

FIG. 7A 1s a plan view of a wall structure wherein two panels of the wall

structure 700 include laminated panels constructed in accordance with the

present invention.

FIG. 7B is a cross view taken along lines 7B-7B in FIG. 7A.
DESCRIPTION OF SOME EMBODIMENTS

[00018] The following detailed description 1s meant to be exemplary only and not
limiting. Other embodiments of this invention, such as the number, type, thickness,
dimensions, area, shape, and placement order of both external and internal layer materials,

will be obvious to those skilled in the art in view of this description.

[00019] The process for creating laminated panels in accordance with the present

invention takes into account many factors: exact chemical composition of the glue;

pressing process; and drying and dehumidification process.

[00020] FIG. 1 shows laminated structure 100 according to one embodiment of the
present invention. In FIG. 1, the layers 1n the structure are described from top to bottom
with the structure oriented horizontally as shown. It should be understood, however, that
the laminated structure of this invention will be oriented vertically when placed on vertical
walls and doors, as well as horizontally or even at an angle when placed on ceilings and
floors. Therefore, the reference to top and bottom layers is to be understood to refer only to
these layers as oriented in FIG. 1 and not in the context of the vertical or other use of this
structure. In FIG. 1, reterence character 100 refers to the entire laminated panel. A top

layer 101 is made up of a standard gypsum material and in one embodiment is 1/4 inch
7
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thick. Of course, many other combinations' and thicknesses can be used for any of the

_layers as desired. The thicknesses are limited only by the acoustical attenuation (i.e., STC

rating) desired for the resulting laminated structure and by the weight of the resulting

structure which will limit the ability of workers to install the laminated panels on wallé,

ceilings, floors and doors for its intended use.

[00021] The gypsum board in top layer 101 typically is fabricated using standard well-
known techniques and thus the method for fabricating the gypsum board will not be

described. Alternately, layer 101 may be any one of a layer of cement-based board, wood,

magnesium oxide-based board or calcium silicate board. Next, on the bottom surface 101-1

of the gypsum board 101 1s a patterned layer of glue 104 called “QuietGlue®” adhesive.
Glue 104, made of a viscoelastic polymer modified with additives to give it a prescﬁbed

shear modulus upon curing, optimizes the sound dissipation at a specific range of

frequencies. Glue layer 104 may have a thickness from about 1/64 inch to about 1/8 inch

although other thicknesses may be used. When energy in sound interacts with the glue

which is constrained by surrounding layers, the sound energy will be signiﬁcahtly
dissipated thereby reducing the sound's amplitude across a target frequency range. As a

result, the sound energy which will transmit through the resulting laminated structure is

-significantly reduced. Typically, glue 104 is made of the materials as set forth in TABLE 1,

although other glues having similar characteristics to those set forth directly below in Table

1 can also be used in this invention.

[00022] An important characteristic of the glue composition and the overall laminated
structure 1s the shear modulus of the glue when cured. The shear modulus can be modified
from 10° to 10’ N/m® (or Pascals) depending on the frequency range of interest with the

given materials of the given ranges listed in Table 1.

TABLE 1

QuietGlue® Adhesive Chemical Makeup

COMPONENTS . WEIGHT %
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Min Max Preferred Shear Shear Shear
Modulus | Modulus | Modulus
10°Pa | 10°Pa | 10°Pa
(ex. 160 | (ex. 2500 | (ex. 5500
Hz) Hz) Hz)

acrylate polymer | 30.00% | 70.00% |  Shear 60% 40% 30%
. Modulus ' '
| Dependant

ethyl acrylate, 0.05% 3.00% 0.37% 0.37% 0.37% 0.37%
methacrylic aéid, |

polymer with

ethyl-2- '

propenoate . ‘

hydrophobic

0.21%
silica
paraffin oil 1.95%
Silicon dioxide 0.13%
Sodium 0.66%
carbonate

Stearic acid, 0.00% 0.30% 0.13% 0.13% 0.13% 0.13%
aluminum salt

0.00% | 1.00% 0.55% 0.55% 0.55% | 0.55%

1.00% | 9.00% 4.96% 4.93% 4.93% | 4.93% |

25.00% | 40.00% 30.90% 30.90% | 30.90% | 30.90%
0
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2-Pyridinethiol, 0.00% 0.30% |  0.17% 0.17% | 0.17% 0.17%
1-oxide,sodium

salt

High Tg (>0C) Shear 0% 20% 30%

\acrylic polymer | modulus

or latex, particle . dependant
s1ze <0.35uM

[00023] Note that as shown in Table 1, the sound frequency which is best attenuated by
the glue varies from approximately 160 Hz for a shear modulus of about 10° Pascals (Pa),
to approximately 2500 Hz for a shear modulus of about 10° Pa, and to approximately 5500

Hz for a shear modulus of about 10° Pa. The shear modulus is increased by decreasing the

percent by weight of acrylate polymer and increasing the percent by weight of acrylic

polymer or latex, all other ingredients remaining constant, as shown in Table 1.

[00024] Table 1 shows in the fourth column a preferred embodiment of the viscoelastic
glue which has an optimum sound attenuation at 160 Hz. The preferred formulation 1s but
one example of a viscoelastic glue. Other formulations may be used to achieve similar

results and the range given is an example of successful formulations investigated here.

[00025] The physical solid-state characteristics of QuietGlue® adhesive include:
1)  abroad glass transition temperature below room temperature;

2)  mechanical response typical of a rubber (i.e., elongation at break, low

elastic modulus);

3) strong peel strength at room temperature;
4) shear modulus between 10° and 10’ N/m” at room temperature;
6) does not dissolve in water (swells poorly);

10
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7) peels off the substrate easily at temperature of dry ice; and

QuietGlue® adhesive may be obtained from Serious Materials, 1250 Elko Drive,
Sunnyvale, CA 94089.

[00026] Applied to glue layer 104 is a constraining layer 102 made up of gypsum, vinyl,

“steel, wood, cement or another material suitable for the application. If layer 102 is vinyl,

the vinyl 1s mass loaded and, in one embodiment, has a surface density of one pound per
square foot or greater. Mass loaded vinyl is available from a number of manufacturers,
incIuding Technifoam, of Minneapolis, MN. The constraining layer 102 may improve the

sound attenuation and physical characteristics of a laminated panel so constructed.

[00027] As a further example, constraining layer 102 can be galvanized steel of a
thickness such as 30 gauge (0.012 inch thick). Steel has a higher Young's Modulus than
vinyl and thus can outperform vinyl as an acoustic constraining layer. However, for other
ease-of-cutting reasons, vinyl can be used in the laminated structure in place of steel.
Cellulose, wood, plastic, cement or other constraining materials may also be used in place
of vinyl or metal. The alternate material can be any type and any appropriate thickness. In

the example ot FIG. 1, the constraining material 102 approximates the size and shape of the

glue layers 104 to which it is applied and to the upper panel 101.

[00028] A second layer of viscoelastic glue 105 is applied to the second surface of
constraining layer 102. Glue 105 is similar to glue 104 in all ways except for the shear
modulus of glue 105 in the cured state. As with glue 104, a prescribed shear modulus
allows for optimization of the sound dissipation at a specific range of frequencies. By
setting the shear modulus (and therefore target frequency) of glue 105 different from the
shear modulus (and therefore the target frequency) of glue layer 104, the laminated panel is
able to dissipate two frequency regions simultaneously and improve the overall acoustical
attenuation of the panel. By adding one or more additional constraining layers and the

required one or more additional glue layers, the laminated panel can be tuned to attenuate

three or more target frequency ranges.

[00029] Gypsum board layer 103 1s placed on the bottom of the structure and carefully

pressed 1n a controlled manner with respect to uniform pressure (measured in pounds per
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square inch), temperature and time. Alternately, layer 103 may be any one of a layer of

cement-based board, wood, magnesium oxide-based board or calcium silicate board.

[00030] Finally, the assembly is subjected to dehumidification and drying to allow the
panels to dry, typically for forty-eight (48) hours.

[00031] In one embodiment of this invention, the glue 104, when spread over the bottom

surface 101-1 of top layer 101 or of any other material, is subject to a gas flow for about

forty-five seconds to partially dry the glue. The gas can be heated, in which case the flow

time may be reduced. The glue 104, when originally spread out over any material to which

it 1s being applied, is liquid. By partially drying out the glue 104, either by air drying for a

- selected time or by providing a gas flow over the surface of the glue, the glue 104 becomes

a sticky paste much like the glue on a tape, commonly termed a pressure sensitive adhesive
(“PSA”). The gas flowing over the glue 104 can be, for example, air or dry nitrogen. The
gas dehumidifies the glue 104, improving manufacturing_ throughput compared to the
pressing process deséribed for example, in United States patent No. 7,181,891 wherein the

glue 104 would not be dried for an appreciable time prior to placing layer 103 in place.

[00032] The second panel, for example the constraiming layer 102, 1s then placed over

the glue 104 and pressed against the material beneath the glue 104 (as in the example of

FIG. 1, top layer 101) for a selected time at a selected pressure.

[00033] A second layer of glue 105 is applied to the surface of the constraining material
102 on the side of constraining material 102 that 1s facing away from the top layer 101. In
one embodiment, glue layer 105 is applied to the interior side of bottom layer 103 instead
of being applied to layer 102. A gas can be flowed or forced over glue layer 105 to change
glue 105 into PSA, 1f desired. Bottom layer 103 1s placed over the stack of layers 101, 104,
102 and 105. The resulting structure 1s allowed to set under a pressure of approximately
two to five pounds per square inch, depending on the exact requirements of each assembly,
for a time which can range from minutes up to hours, depending on the state of glue layers

104 and 105 1n the final assembly. Other pressures may be used as desired.

[00034] In one embodiment the glue layers 104 and 105 are about 1/ 16 of an inch
thick; however other thicknesses may be used. The glue layers 104 and 105 may be
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applied with a brush, putty knife, caulking gun, sprayed on, applied using glue tape or well

known other means.

[00035] FIG. 2 shows a second embodiment of this invention involving a laminated
panel 200 in which there is no constraining layer. In FIG. 2, a top layer 101 is made up of
standard gypsum material and in one embodiment is 5/16 inch thick. Next, on the bottom
surface 201-1 of the gypsum board 201 is a patterned layer of viscoelastic glue 204 called
“QuietGlue®” adhesive. The pattern of glue 204 coverage may constitute anywhere from
twenty (20) to eighty (80) percent of the surface area 201-1 of gypsum board 201. A
second layer of glue 205 is also placed on the bottom surface 201-1 of gypsum board 201.
Glue 205 also has a pattern covering from twenty (20) to eighty (80) percent of surface
201-1 and is placed so that it does 'not materially or substantially overlap glue 204
anywhere on surface 201-1. Glue layers 204 and 205 are physically similar in many ways
except for their shear moduli. As with assembly 100, the glues 204 and 205 are designed
with different shear moduli to dissipate energy at different frequency ranges. The bottom
layer of material 203 is placed over the stack of layers 201, 204 and 205. The resulting
structure 1s allowed to set for a selected time under a pressure of approximately two to five
pounds per square inch, depending on the exact requirements of each assembly, although
other pressures may be used as desired. The set time under pressure can vary from minutes

to hours as described above depending on the state of glues 204 and 205 at the time panel

203 1s joined to the assembly.

[00036]  In tfabricating the structure of FIG. 2, the assembly method can be similar to that
described for the structure of FIG. 1. In one embodiment of FIG.2, exterior layers 201 and

203 are gypsum board each having a thickness of 5/16 inch.

[00037] FIG. 3 1s an example of a third laminated panel 300 in which a second
constraining layer 306 and a third glue layer 307 are added to the assembly shown in FIG.
1. Exterior layers 301 and 303 are in one embodiment gypsum board having a thickness of
Ya inch. In fabricating laminated structure 300 of FIG. 3, the method is éimilar to that
described for laminated structures 100 and 200 of FIG. 1 and FIG. 2, respectfully.
However, before the bottom layer 303 is applied (bottom layer 303 corresponds to bottom
layers 103 and 203 1n FIGs. 1 and 2, respectfully) a first constraining material 302 is placed
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over glue 304. Next, a second layer of glue 305 is applied to the surface of the constraining
material on the side of the constraining material that is facing away from the top layer 301.

An additional constraining layer 306 and glue layer 307 are placed on the assembly before

the final layer 303 1s added. In one embodiment the glue layer 305 1s applied to the exposed

side of the second constraining layer 306. In another embodiment glue layer 307 is applied
to the interior side of the bottom layer 303 instead of being applied to constraining layer
306. Suitable materials for constraining layers 302 and 306 are the same as those identified
above for constraining layer 102. The bottom layer 303 is placed over the stack of layers
301, 304, 302, 305, 306, and 307. Laminated structure 300 is dried in a prescribed manner
under a pressure of approximately two to five pounds per square inch, depending on the
exact requirements of each assembly, although other pressures may be used as desired.
Drying is typically performed by heating for a time from about 24 to about 48 hours and at
a temperature in the range of from about 90° F to about 120° F. Drying time for the final
assembly can be reduced to as little as minutes by flowing, blowing or forcing air or other

appropriate gas past each layer of glue to remove liquid such as water from each layer of

glue and thus convert the glue into PSA.

[00038] FIG. 4 shows the calculated loss factors for the embodiment shown. in FIG 1
where bbth glue layers 104 and 105 have the same given shear modulus. Nine total curves
are shown representing glue shear moduli from 10° Pascals (Pa) to 10’ Pa. A Pascal is a
Newton of force per square meter. Curve 401 represents the calculated panel loss factor for
laminated panel 100 with glue 104 and glue 105 having a shear modulus 5x10* Pa. Panel
100 has a maximum loss factor of approximately 0.25 at about 1500 Hz. Curve 402
represents the calculated panel loss factor for laminated panel 100 with glues 104 and 105
having a shear modulus 1x10° Pa. Curve 402 shows a maximum loss factor of
approximately 0.25 across the frequency range of 6000 Hz to 10,000 Hz. Curve 403
represents the calculated panel loss factor for laminated panel 100 with glues 104 and 105

having a shear modulus 1x10’ Pa. Curve 403 shows a maximum loss factor of

approximately 0.14 from 10,000 Hz and above.

[00039] FIG. 5 shows the calculated loss factor for the embodiment shown in FIG. 1

where glue layers 104 and 105 have different given shear moduli. Curve 504 represents the

predicted loss factor for a panel such as an embodiment shown in FIG 1 where glue 104
14
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has a shear modulus of 10° Pa and glue 105 has a shear modulus of 10° Pa. As shoﬁ by
curve 504, the panel 100 with two different glues 104, 105 as described, has a maximum
loss factor of 0.25 at around 100 Hz and a loss factor above 0.1 from about 4600 Hz to
10,000 Hz. Curves 501, 502, and 503 (duplicates of curves 401, 402, and 403 respectively
in FIG 4) are shown for comparison of the predicted loss factor associated with panel 100
with two different giues to the predicted loss factor associated with panel 100 with glue
layers 104 and 105 having the same shear modulus. It can be seen that the composite

performance exceeds that of any other single-glue-formulation-based panel over many, if

not all frequencies. Such a dual formula glued panel can address the low and high

frequency problems evident in today’s typical wall assemblies.

(00040] Tt is important to note that the viscoelastic adhesive material properties also vary
tremendously as a function of temperature much like their dependence on frequency. For
example, for a given viscoelastic material, the modulus and loss factor might be the same at
10 Hz and 25 degrees C as it is at 700 Hz and 50 degrees C. Viscoelastic materials behave
“colder” at high frequencies and “warmer” at low frequencies. In other words, there is a
direct and proportional relationship between tefnperature and frequency. In fact, there are
several ways to demonstrate the properties of a given viscoelastic material. The
temperature could be held constant and the material tested over a very wide frequency
range. Or, the temperature could be varied and the matenal tested over a much narrower
frequency range. Then, temperature / frequency equivalence is applied to finally “reduce”

the data and characterize the material. This phenomenon is reviewed in David Jones’ book

Viscoelastic Vibration Damping.

[00041] For these reasons, the present invention may also be considered useful for
providing improved acoustical isolation for assemblies subject to multiple temperature
exposures. In such a case, a first layer of glue could be designed to have maximum
damping at O degrees C (probable winter temperatures in a cold climate) and a second layer
of glue designed to have maximum damping at 25 degrees C (probable summer

temperatures) in the same panel.

[00042] Referring to FIGS. 6A and 6B, wall assembly 600 is shown. This assembly

includes a front side 610 which 1s constructed using a material such as laminated structure
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100 disclosed in FIG. 1, and a rear panel 608 which is a "single layer of type X gypsum
wallboard. Panels 608 and 610 are attached to 2x4 studs 602, 604 and 606. These will be
better appreciated by reference to the cross sectional view of FIG. 6B. Batt-type or blown-

in thermal insulation 612 is located in each of cavities 618 and 620 which are enclosed

between the 2x4 stud structures.

[00043] Referring to FIGs. 7A and 7B, wall panel 700 has a front side 710 and back side
708 each using a laminated structure of one quarter inch gypsum board constructed using
the laminated structure 100 shown in FIG. 1. As disclosed similarly with regard to FIGs.
0A and 6B, the wall panel assembly 700 includes 2x4 stud structures 702, 704 and 706. In
a fashion similar to that shown in FIG. 6B, cavities 718 and 720 include batt-type or
equivalent insulation 712. Since wall panel assembly 700 includes laminated front and rear

panels, an increased sound transmission class rating is provided and similarly additional

fire resistance is also provided.

[00044] The dimensions given for each material in the laminated structures of the

present invention can be varied in view of cost, overall thickness, weight, and desired
sound transmission properties. For example, two or more non-overlapping patterns of glue
with different shear moduli can be used in the embodiment of FIG. 2 to achieve peak sound
attenuation over two or more different frequency ranges. Similarly each layer of glue
shown in each of the embodiments of FIGs. 1 and 3 can similarly be made up of two or
more patterned glues, each glue having a different and unique shear modulus to prOVide a

panel which achieves peak sound attenuation over as many different frequency ranges as

there are different types of glue.

[00045] An embodiment of this invention uses two or more glues with different shear
moduli in each glue layer in the structure of FIG. 1 or the structure of FIG. 3. Each glue
layer can be arranged so that glues with identical shear moduli are directly above or below
each other in the different glue layers. Alternatively each glue layer can be arranged so

that glues with 1dentical shear moduli are not directly above or below each other in these

Sstructures.

[00046] As will be apparent from the above description, the structures of that pattern can

be tailored to give desired sound attenuation in selected frequency ranges.
16
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[00047] The patterns of glue making up each glue layer can be applied in strips or

squares or other shapes using brushes or glue applicators of well-known design.

[00048] The above-described embodiments and their dimensions are illustrative and not

 limiting. In addition, further other embodiments of this invention will be obvious in view

of the above description.

[00049] Accordingly, the laminated structure of this invention provides a significant
improvement in the sound transmission class number associated with the structures and

thus reduces significantly the sound transmitted from one room to adjacent rooms while

simultaneously providing specific additional sound dissipation at multiple frequencies.

[00050] Other embodiments of this invention will be obvious in view of the above '

description.
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CLAIMS:

I A laminated panel for use in building construction comprising:
a first layer of material having an external surface and an internal surface;

a second layer of material having an external surface and an internal surface;

a layer of glue in contact with the internal surface of said first layer ot material and
with the internal surface of said second layer of material, thereby to bond together the first layer of
material and the second layer of material, said layer of glue being made up of at least two difterent
glues, including a first glue having a first shear modulus and a second glue having a second shear

modulus; wherein

said first glue 1s formed in a first pattern and said second glue 1s formed in a

second pattern such that said first glue does not materially overlap said second glue;

wherein the first and second glues have a first and second shear moduli between

10° and 10 Pa: and further wherein
the first and second shear moduli are difterent by a factor of between 2 and 1000.

2. The panel of claim | wherein said first shear modulus results in said first glue
having a first loss factor which is most effective in a first frequency range and said second shear
modulus results in said second glue having a second loss factor which 1s most effective in a

second frequency range.

3. The panel of claim 2 wherein said first frequency range and said second frequency

range differ from each other.

4. The panel of claim 2 wherein the frequency at which said first loss factor peaks in’

sald first frequency range difters from the frequency at which said second loss factor peaks in said

second frequency range.

5. The panel of claim 2 wherein the frequency at which said first loss factor peaks in

said first frequency range differs from the frequency at which said second loss factor peaks in said
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second frequency range in such a manner that the first glue attenuates acoustic energy in a

relatively low frequency range and the second glue attenuates acoustic energy in a relatively high

frequency range.

6. The panel of claim 5 wherein said acoustic energy comprises sound and vibration
energy.
7. The panel of claim 6 wherein said acoustic energy comprises airborne sound and

structural vibration energy.

8. The panel of claim 1 further comprising: a third layer of material having an
external surface and an internal surface; and a second layer of glue 1n contact with the external
surface of said second layer of material and the internal surface of said third layer of material,

thereby to bond said third layer of material to said second layer of material.
9. A laminated panel for use in building construction comprising:

three or more layers of material, two of said three or more layers of material each
having an external surface and an internal surface and the third layer of material and any

additional layers of material having only internal surfaces;

the third layer of material comprises a constraining layer of material between the

internal surfaces of two of said three or more layers of material;

at least two layers of glue, each layer of glue being in contact with the internal
surfaces of at least two layers of materials, each layer of glue bonding together the two layers of
material with which the layer of glue 1s in contact, and at least one of said two layers of glue

having a different shear modulus from the shear moduli of the other or others of said at least two

layers of glue; and further wherein

at least one of said two layers of glue comprises a first glue formed 1n a first

pattern and a second glue formed in a second pattern such that said first glue does not materially

overlap said second glue;

wherein the first and second glues have a first and second shear moduli between

10° and 10’ Pa: and further wherein
19
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the first and second shear moduli are different by a factor of between 2 and 1000.

10. The laminated panel of claim 9 wherein at least one of said two layers of glue
comprises at least two different glues, including a first glue having a first shear modulus and a

second glue having a second shear modulus.

[ 1. The panel of claim 9 wherein said first shear modulus results in said first glue
having a first loss factor which is most effective in a first frequency range and said second shear
modulus results in said second glue having a second loss factor which i1s most etfective in a

second frequency range.

12. The panel of claim 11 wherein said first frequency range and said second

~frequency range difter from each other.

[3. The panel of claim 11 wherein the frequency at which said first loss factor peaks

in said first frequency range differs from the frequency at which said second loss factor peaks in

said second frequency range.

14. The panel of claim 11 wherein the frequency at which said first loss factor peaks
in said first frequency range differs from the frequency at which said second loss factor peaks in
said second frequency range in such a manner that the first glue attenuates acoustic energy in a

relatively low frequency range and the second glue attenuates acoustic energy in a relatively high

frequency range.

15. The panel of claim 14 wherein said acoustic energy comprises sound and vibration
energy.
16. The panel of claim 15 wherein said acoustic energy comprises airborne sound and

structural vibration energy.
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