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(57) Abstract: A light-weight acoustical substrate 1s disclosed. In one embodiment, the substrate includes a substantially open core
and outer facing layers. The core 1s comprised of a plurality of open, cells which extend between the facing Iayers. The cells may

facing layers and an interlayer between the cores.

have numerous configurations, including honeycomb. The facing layers may be non-woven or woven glass scrims mn some embodi -
ments, A multi-layered acoustical structure 1s provided which in one non-limiting embodiment 1s comprised of two cores with outer



ACOUSTICAL STRUCTURE HAVING OPEN CELLED CORE AND FACING SHEETS

FIELD OF THE INVENTION

(6601} The present invention relates to acoustical structures, and more particularly to light-
weight acoustical stractures characterized by a high noise reduction coefficient

BACKGROUND OF THE INVENTION

10002] Acoustical substrates are used in a variety of noise reduction applications inside a
building structure to create sound controlled room environmenis. The sabstrates may be formed
nto acoustical panels that can be applied to the walls, ceilings (in some mstances forming a
suspended ceibing svstem), and acoustical sound treatments or canopics. Acoustical panels with
a high noise redaction coefficient (NRC) as established by testing standards such as ASTM (Cd23
{reverberation room method) or ASTM (384 {impedance tube method) are desuable. The NRC
provides a relative measure of the percentage of sound that an acoustical structure will absorb
versus reflect.  An NRC value equal to or greater than 0.65 to 1.0 is generally considered a high
NRC, which ideally indicates that more of sound incident on the panel will be absorbed than
reflected back to the room. These acoustical panels are preferably self-supporting: however,
such acoustical panels may sometimes be heavy and complex constructions to achieve a ngh
NRC value. The sound absorbing materials may then require a heavv perimeter frame, or
miterior support splines, which adds cost and weight, This may require an extensive structural
support system for mounting the panels, increases instatled costs, and may Limit application and
practical panet sizes.

[0003] hroproved acoustical subsirates that are light in weight and exhibit high NRC are
desirable.

SUMMARY OF THE INVENTION

0004} The present mvention provides a light-weight sound absorbing acoustical substrate
comprising one or more substrates generally charactenzed by a substantially open core and high
NRC valpes. In various embodiments, the acoustical substraie preferably has an NRC value of
about and mcluding 0.5 o 1.00, more preferably a high NRC equal to or greater than 0,65, and
most preferably very ngh NRC equal to or greater than 0.8. Embodimenis of the acoustical
substrate may be fornied nto structures such as ceiling panels, wall panels, free hanging sound

absorption treatments, or other products.

CA 2918327 2017-09-20
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H0805] An acoustical substrate according to the present disclosure generally includes an inner
heht-weight core, a first facing layer attached to a Hrst major surface or side of the core, and a
second facing laver attached to an opposite second magor surface or side of the core. The facing
layvers may be non-woven or woven glass scrims in some embodiments. in one embodunent, the
core may be comprsed of a honeyecomb structure defimiing a plurahity of cells. The honeyeomb
core laver may be constriucted of paper treated or impregnated with a resin to reduce moisture
sensitivity) however, other suitable fibrous or non~-fibrous matersals may be used. The first and
second facmg lavers may be attached to the honevecomb core laver in some embodunents with a
sustable adhesive that 1s selected {andfor applied 1 & manner) that retards Hame spread and
smioke generation so that the honevecomb substrate achieves a Class A fire performance rating.
0006] Embodiments according 1o the present disclosure further include acoustical structures
formed of two or more sound absorbing substrates which may be permanently joined together to
form a single composite structure having a greater thickness and higher NRC values than
obtainable by a single sabstrate. A composiie acoustical siructure may be desirable for certain
applications where a high degree of noise suppression and addipzonal stiffness for long spans 13
benehicigl,  Such compostie acoustical structures therefore include at least two honeveomb ot
other structured cores, a first ogter scrim faver, a second outer scrun, and at least one
intermediate scrmm laver.

HIO07] The first and second scrim lavers of the substrate are engineered and configured in sone
embodiments to have an airfiow resistance that gllow the heneveemb substrate (o achieve high

NRC values. The anflow resistance of each of the first and second sorim layers may be

-

!

controlied by any combination of the followmg: {1} specialty paint coating techniques; {2)
adhesive coatng techmqgues; and/or {3) Bightness (d.e. porosity ) of the serim layver. The hst and
second scrum lavers can be woven or nonwoven scrims, depending on desired visual aesthetic
and mmpact.  Advantageously, the use of scnms having properly engineered airtlow resistance
clinnates the need for a layer having perforations fornsed therein, and can be designed 1o be
“acousticly transparent” and “optically opague.”

HOHIB] Despite being bghbwesght, the honeycomb core advantageously imparts the required
structural rigidity 1o the honeycomb substrate, and thus eliminates the need for & perimeter

stractural frame, which is generally standard m the art for lngh NRC panels.  Accordingly, m
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some embodiments, a hagh NRC acoustical panel ac cording to the present disclosure may be
frameless.

[0009] Despite the use of the lightweight honeveomb core, the stiffness of this core construction
yieids a high NRC acoustical substrate according to the present disclosare that ix sap resistant
even 1 those erpbodiments having a singie core. Advantageously, this allows formation of
relatively large panels {e.g. 4 feet X 4 feet or more) with a minimal support structure thereby
reducing capital and installation costs,

0010} In one emibodiment, an acoustical substrate mcludes a substantially open core having a
plurality of open cells defined by cell walls extending perpendicular to opposing first and second
major sides of the core, a first facing laver attached to the first major side of the core, and a
second facing laver attached to the second major side of the core. The first facing layer may be
porous and has an airflow resistance in a range of about and mcluding 100 to 7500 niks raylks.
0011} In another embodiment, an geoustical substrate mciudes a substantially open core having
a peruneter edge extending around lateral sides of the core, the core formed of a plurality of open
celis defined by cell walls extending perpendicular to opposing first and second major sides of
the core, the cells walls bemng tormed of paper, a first facing layer attached to the first major side
of the core, and a second facimg laver attached to the second major side of the core. The fivst and
second facing lavers may each be porous and have an airfiow resistance in a range of about and
moeluding 100 to 7300 mks ravis.

{012] In another embodument, an acoustical strocture includes (1) a first substrate comprising a
substantially open first core having a phuvality of open cells defined by cell walls extending
perpendicular to opposing tirst and second major sides of the first core, a first facing layer
attached to the hrst major side of the first core, wherem the first facimg laver 13 porous and has an
airflow resistance of about and mcluding 100 to 7500 mks rayls, and (11} a second substrate
comprising a substantially open second core having a plurality of open celis defined by cell walls
extendumg perpendicular to opposmg first and second major sides of the second core, a second
tacing laver attached to the second major side of the second core. An mterlaver s disposed
between the first and second subsirates, the tirst and second subsirates bemg bonded 1o opposiie

sides of the interlayer.



BRIEF DESCRIPTION OF THE DRAWINGS

(0013} The features of the exemplary embodiments of the present invention will be described
with reference to the following drawings, where like elements are labeled sinularty, and i
which: |

[0014] FIG. 1 is an exploded side elevation view of an scoustical substrate according tw the
present disclosure;

{0018 FIG. 2 15 an assembied view thereot;

(0016} FIG. 3 is a transverse cross-sectionaf view of the core of FIG. 1 taken along hine [-1T;
({0017} FIG. 4 is a top plan view of a first alternate core cell configuration,

{0618} FIG. 5 is a top plan view of a second alternate core cell conhiguration;

10019} FIG. 6 15 side elevation view of a multi laver composite acoustical structure formed of
mualtiple cores of FIG. | with outer facing lavers and an interlaver between the cores;

(0020} FIG. 7 is a graph showing noise reduction coefficient versus frequency associated with
testing of the present acoustical substrate and varying cells heights and sizes; and

(0021}

[0022] All drawings are schematic and not necessarily to scale. Parts given a reference
numerical designation i one figure may be constdered to be the same parts where they appear in
other figures without a numerical designation for brevity unless specifically labeled with a
different part numbes and described herein.

DETAILED DESCRIPTION OF THE EMBODIMENTS

10023} The features and benefits of the invention are tHustrated and described berein by
reference to exemplary embodiments. This description of exemplary embodiments is mtended to
be read in connection with the accompanying drawings, which are to be considered part of the
entire written description. In the description of embodiments disclosed herem, any reference to
direction or orientation is merely intended for convenience of description and is not mtended 10
anv way to limit the scope of the present mvention. Relative terms such as "lower," "upper,”
“horizontal.” “vertical,”, "above.” “below.” “up,” “down,” “top™ and “hottom™ as well as
dertvative thereot {e.g., “hortzontally,™ “downwardly,” “upwardly,” etc.} should be constraed o
refer to the ortentation as then descntbed or as shown in the drawing under discussion. These

relative tevms are for convemence of description only and do not require that the apparatys be

'ﬁ'4~
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constructed or operated in a particular orientation. Terms such as “attached,” “affixed,”
“connected,” “coupled,” “interconnected,” and similar refer to a relationship wheremn structures
are secured or attached to one another esther directly or mdirectly through intervening structures,
as well as both movable or nigid attachments or relationships, unless expressiy described
otherwise. Accordingly, the disclosure expressly should not be hmited to such exemplary
embodiments tllustrating some possibie non-hmiting combination of features that may exist
atone or i other combinations of features.

[0024] FIGS. 1 and 2 depict one embodument of an acoustical subsirate according to the present
disclosure shown in exploded and assembled views, respectivelv. The acoustical substrate 20
mclhndes an mner core 22, a first outer facing faver 24 jomed to a first major side 26 of the core,
and a second cuter facing laver 28 joined to an opposite second major sude 30 of the core. In
some embodiments, without limitation, side 26 may be a front side which is exposed to a
building space or room environment and side 30 may be a rear side which is concealed from
view when the substrate is mounted. Acoustical substrate 20 further mcludes peripheral lateral
sicdes 32 extending all the arcund the core 22 which collectively define a perimeter edge 31 of the
substrate that in turn dehines a length and width. In one embodiment, the perimeter edge may
have a square of rectangudar edee profile as shown in FIG. 2. Other sustable edge profiles may
be provided.

{025] CORE

{0026] Reforring to FIGS, 1-3, the miner core 22 mav be o honeycomb structure m contiguration
having a plurahity of interconmected cell walls 34 which form a plurality of open cells 36, The
cell walls 34 extend vertically in height between the outer facing layers substantially
perpendicular {o outer facing lavers 24, 28, The cells 36 define openings through the cove 22
which extend verticatly through the acoustical substrate 20 and perpendicular to the outer facing
layers 24 and 28, This arrangement and vertical ontentation of the cell openings (1.e. open on the
top and bottom ends of each cell) 15 desirable and beneficial for both acoustical noise
suppression and stractural stiffening of the substrate. When joined to the owter facing lavers 24
and 28 the core forms a structural member analogous to an [-beam construction having stiftness
which resists defleciion or sag in a diection acting along a vertical axas perpendicular to the

facing lavers under the weight of the acoustical substrate 20
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H0627] In some preferred b at non-limiting embodiments, the substrate is frameless on all lateral
sides 32 around the pernmeter edge 31 of the core 22, Accordingly, m these emboduments the
outermost and laterally outward facing rows of cells 36 cells extendmg all the way around the
perimeter edge 31 of the core (regardless of its shape in top plan view) are exposed and thewr
cells walls 34 define the lateral sides 32 of the substrate 206

{028] Retferring to FIGS. 1-3, the cell walls 34 which define the core 22 mav be formead from
any munber of thin, hght, and porous or non-porous materials having sutficient sifiness to resist
sag. In one embodiment, the cores 22 may be formed by of paper cell walls 34, Paper used {o
construct cell walls 34 of the core 22 may be at least 20 pound Kratt paper, and in some
mreferred embodiments 20 o 80 pound Kraft paper {(thicknesses of about 0.004 to 0.015 inches)
which provides the requistie stiffness to the core without unduly adding weight to the structure.

As opposed o other maienials, paper 15 generally more economical and cost-effective as a core
sidewall material. However, in other embodiments, it has been found that materials such as
lightweight fiberglass and thin alumiman sheet also may perform sausfactorly. Heavy gage
material {of any tvpe) is generally easier 1o work with, but increases weight and cost without
marked improvement m any of the core structures destred propenties including stitiness, In
addinion, thicker or heavier gage paper-based materials to form the honevcomb core adds to the
amount of combustibie matenial present m the structure and thus has a detrimental effect on fire
perfarmance. Accordingly, a balance between the requisite thickness to resist sag and these
latter factors 1s appropriate when selecting the material for celi walls 34 of core 22,

[0029] Any sutiable sizes cell 36 may be used for core 22, In some preferred embodiments, cell
width or diameter sizes forming the honeycomb structure nway be from about 1/4 inch to 3
mches, but more preferably from about /4 mceh to and wcludmg 1 inch m diameter (noting that
the hexagon-shaped cells approximate a circle m shape and a diameter). Cell diameters bevond
the foregomng range are suttable, but less deswable becanse 1asues may arise with swrtace
deflection (ptllowing}, unsupported edge damage, and de-lamination.

{0630 Cell herghts i some preferred embodiments may be from about and mcluding 0.20

mches to 4 mches. Cells hesghts from 3/8 mch 1o and mcluding 1.5 wmches have been tested and

B -
.

provide equivalent performance in terms of acoustical absorption. In certain embodiments, cell

heights i the higher range from about ¢.8 to 1.25 mches have been tested for sag and provide
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good sag resistance.  Other suitable heights, ?i?mwefv‘ei; may be used pr{-‘wi{ied the sag resistance
18 adequate for the given size geoustical panel to be constructed.

18031} For a given acoustical substrate 20 which may be formed into an acoustical panel or
treatment of surtable shape {e.g. polvgonal, circular, or other), the inner core 22 torms a
substantially open structure based on the three~-dimensional total volume of the core delimuted by
the {ateral sidewalls 32 and the major sides 26, 30 of the core. In some embodiments, the open
volume of the cells preferably mayv comprise 90% or more of the total volume occupied by the
core. As representative examples, without linutation, the open volume of the cells 36 will
account for approximately 99% of the total volume of the core for 1 inch diameter cells, and
approximately 98% for 172 ich diameter cells.

16032] In some embodiments, the paper-based cell walls 34 of core 22 may treated or
impregnated with a resm which 13 intended for moisture, fangus, and ingect protection and fire
protection. A phenolic resin or other suitgbie resin may be used. To enhance twe performance,
the cell walls 34 may be treated with a fire retardant such as a polyphosphate. I other
embodiments, the paper cell walls may be unireated or uncoated.

[6033] Referning o FIOS. 1 and 2, the outer facmg lavers 24 and 28 mav be permanentty bonded
to core 22 using a suiable industnial adhesive 35 which 18 applied 1o the exposed upper and
lower edges 33a, 33b of the core cell walis 34, Susntable adhesives includes Swilt®tak adbhesive
from H.B. Fuller Company and others which may be rolled or otherwise applied onto the upper

and lower edges of the core cell walls, The gmount of adhesive used 18 preferahly that which
achieves a bond between the core and facing layvers to produce safficient peel strength. For the
above described assembly, the fatlure pomt duning a peel test 18 typically the internal cohesion of
the scrim layer stselt, Coating the back side of the serim wath enther a paint or adhestve laver has
been found to signtficantly enhance peel strength and the durability of the finished assembly.
Care must be taken when depostiing this additional coating laver so as not to close the surface ©
atr permeability as that would negatively mpact acoustical absorption.  {n one embodiment, the
acoustical substrate 20 may be formed by placing the first tacmg laver 24 (back side up on a
curviimear mandrel and then placing the adhesive edge~coated core (e g upper edges 33a) onto
the facing laver to make abutting contact. Next, the second facing layer 28 may be attached to
the adhesive coated lower edges 33h of the core m a sumlar manner {o complete the structure of

the acoustical substrate 20, By applyving this technique one can easily cratt non-planar acoustical
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structures (complex curvilinear panels), something that is very difficult to achieve with standard
acoustical matenals and assembly techniques. 1 should be recognmized that the assembled
acoustical substrate may also be considered and referred fo as an acoustical panel.

10034 It will be appreciated that core configurations other than a hexagon-shaped honeveomb
structure {1 ransverse cross section to the vertical direction} as shown m FiGr 3 may be used.
For example, 1n some embodiments, a core 40 may be used baving a corrugated construction as
shown in FIG. 4 may be formed of matuple “W.shaped” sinusoidal curved or undulating cell
watlls 42 sandwiched and bonded between alternating rows of lopgitudmally extending strasght
celt walls 44, Open cells 46 are {formed in the openings bebween the undulating cell walls and
stratght cell walls. Preferably, the corrugated core construction s ortenied so that the cells open
vertically at the top and bottom edges of the core sinular to the orientation of core 22 for noise
suppression performance and stroctural stsffness (o resist sag or bending.  In another possible
embodiment, a core 30 having manguiar shaped celis 52 tormed by cell walls 34 may be
provided as shown m FIG, 5. Sustable cores with triangudar cells 32 mayv be obtained from Trcel
Honeycomb Corporation. Accordinglv, many suitable shapes of cells and cores may be used.
[60353] In one embodament, the honevcomb core 22 and facing lavers 24, 28 advantageousiy
provide a light-weight stff structure sufficient to resist sau without the need for heavy perimeter
itames 1o provide addstional sepport. Accordingly, the acoustical substrate 20 may be frameless
fram permmeter edge 31 to penimeter adge of the core without the need or cost for any perimeter
support frame permanently jomed 1o the subsirate wself. This conveniently allows the acoustical
substrate 20 to be cal to size as needed on site during mstallation by the installers. Acoustical
substrates 20 according to the present disclosure therefore are particularly advantageous for
refrofit applications where existing acoustical panels m a support gnd system are {o be replaced.
[0036] FACING LAYERS (SCRIM)

[6637] Reterning to FIGS, -2, the onter tacing lavers 24 and 28 in some embodiments may be a
scrim comprised of lanunated non-woven glass fibers m a resin matrix. This construction 13
surtable tor high end acoastical panels to sapart a smooth visgal appearance, durabiiity, and
dunensional stabulity while mamtaining the appropriate acoustical porosity. In one embodiment,
the onter facing lavers 24 and 28 do not contain mechanically formed or fabricated perforations
but instead rehies on the porosity of the facing laver material construction wseif to achieve the

desired awrflow resistance. The facmg lavers 24, 28 miay have represemtative thicknesses ranging
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from about and mncluding 0.008 to 0.058 inches depending on considerations such as cost,
wetght, and others. In one embodinent, the thickness mayv nomunally be about 0. 030 inches.
Uncoated scrims will have weight's that typically fall m the range frons about 30 to 150
prams/m’, have tensile strengths greater than 150 N/S0mm and be made using fibers with a
nommnal diameter of 10 g Scrims such as those described are readily avadable from suppliers
such as Owens Corning, Lvdall, Ahlstrom and lohns Manville.

[0038] The specific airflow resistance of an acoustical structure 18 a permeability or porosity
propesty that determunes the sound-absorptive and sound-fransmitting properties of the structuse.
Outer facing lavers 24 and 28 with greater porosity allows sound to pass through the laver o the
core rather than bemnyg reflected back mto the room thereby improving sound absorption and the
NRC value of the acoustical substrate 20, Speainic airflow resistance may be determined by
ASTM standard €522 and 1s measured tn units of mks rayis (Pa-s/m). This test method s
designed for the measurement of values of specific airflow resistance with linear airflow
velocities ranging from 0.5 to 30 mmds and pressure differences across the specimen ranging
from 0.1 to 250 Pa. Increasingly higher atrflow resistance values represent correspondingly

denser and less porous facings. Accordingly, by controlling the spectiic airtlow resistance of the

facing lavers 24 and 2§, one can control and modiy the NRO value to achieve the desired sound
absorption performance of the composite acoustical substrate 20, These hindings werg
counterintintive m that for a typical acoustical product one must mininyize airflow resustance
order o maximize acoustical absorption. In this particular structure it was found that sound
absorption would merease with air {low res istance, seemingly peaking at the point where one o
more of the acousticat lavers had an air flow resistance on the order of 500 MKS Rayls.
Acoustical absorption wouald drop off as the resistance value was decreased as {he structure
wotld become too open an unable to dissipate acoustical energy through frictional losses. s
atso predicted that acoustical absorption will also decrease when the air How resistance of the
lavers mn the assembly 1s above 3008 MKS Ravls due to an increased portion of the sound energy
being reflected back mnto the space rather than absorbed.

HO3Y] In some embodiments, a speciiic aictlow resistance vatue 10 a range from about and
mcinding 100 10 300 mks rayls for at least one of outer facing layers 24 and 28 has been

determuned by the mventors to be effective m achieving the desired acoustical sound absorption

performance (e high NRU values) of the acoustical substrate 20. The awfiow resistance of the

- 9.



remaining outer facing layer 24 or 28 may be varied from 0 mks ravls to inhinity (1.e. non-
porous} in arder to achieve different NRC values tor the acoustical substrate. In one
etvhodiment, outer facing layers 24, 28 may each have an airflow resistance of about 300 mks
ravls.
[0040] The airflow resistance of each of the outer facing lavers 24 and 28 may be controlled by a
variety of techniques, including without imitation applving specialty paint coatings, adhesive
coating techniques, and/or the tighiness {porosity) of the facing layer matersal composttion iseif.
in one embodiment, referring to FiG. 2, the exposed surfaces of the outer facing lavers 24, 28
mayv be coated or painted m accordance with U.S. Patent 5 888,626,

with a high solids acrvlic latex paint coating 60 having a sutticiently
porous compositon to achicve an amrflow resistance 1 the foregoing desired range from about
and inciuding 104 to 7500 mks ravis i the facing lavers that s generally acoustically fransparent
and opuically opague for aesthetic purposes, A paut such as Durabrite brand or other suitable
painis may be used. In one embodiment, the paint may have & high solids/ow Hoguid suspension
ranging from about 70-85% solids by weight. A representative high solids paint formulation that
may be used, wrthout hmitation, is as follows: 6.8% {4-20% range] acrvhic fatex emulsion,
33.78% §30-55% range} slurry himestone, 50.95% [ 30-55% range] bmestone (40 mesh), 1.41%
[ 1-8% range] titantom dioxide sohids, and 7 .06% [2-8% range] hguid~waler. Representative
pamt apphicanon rates that may be used are 40-60 grams/square feet. Other coatings such as
adbiesives or low solids paints can also be used to0 achieve the air flow resistance necessary io
achieve optimal acoustical absorption, the key attribute being that 1t remains discontinoous and
thus capabie of unparting the appropriate air flow resistance to the fimshed product,
{604 1} Otber sulable materials and scrons may be used for outer facing layers 24, 28 such as
without limitation those made from natural or man-made organic fibers, glass‘organic fiber
combmations, morganic fibers such as rockwool, and other fabric ke matenials.  In some
embodiments, a woven glass scrim may be used, The key attribute for acoustics 1s the air flow
resistance of the finished surfaces. This flow resistance can either be an inherent attnbute of the
facmg material or can be imparted 10 the facing matenal via a coating layer. The facing
materials should be at least somewhat flexible i order to simplify the manufacturing assembly
operation and preferentiaily of lited combusibility i order to achieve the fire resistance

necessary for interior finishes. The controlled airflow resistance of the outer lavers is a Key
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differentiator between this invention and the prior art. Although honeycomb cores have been
used to form acoustical structures, m all of those cases the surfaces of sard structores were
cratted from cither solid films or thin fayvers of materials that were tupervious to air How {1.e.
reflective surfaces). Acoustical performance was achieved by punching holes mn the surface and
tormng Helmholtz resonators. Such resonators absorb sound m very narrow frequency bands,
with lumits are defined by hole diameter, neck length and chamber volume. Unilike Helmholiz
resonatiors, this tnvention is capable of achieving sound absorption across the full spectrum of
audible frequencies.

0042 ACOUSTICAL PANEL

H0043] Acoustical panels formed of acoustical substrate 2( in some embodiments mayv have
representative thicknesses {(Le. facing layers and core) ranging from about and mcluding 0.375 to
3 mnches, with a preferred but non-hmiting range of about and including 0.6 to 1.5 inches.

Panels of various desired penmetric dimenstons {e.g, width and fength) mav be formed using
acoustical substrate 28, In some embodiments, withouot limstation, acoustical panels may be 4 it
X a4t 4t X 81, and 4 ft. X 12 fi. with the larger sizes being provided with progressively taller
core ¢cell heights to resist sag.

10044] Four ovele sap tests {relative humidity of 35KH {o 94 RH} conducted on nultiple
acoustical substrates 20 formed according to the present disclosure vielded acceptable final
deflection values of less than 0.035 inches for a 2 ft. X 4 ft. panel. This indicates that the
substrate construction using g frameless hight-weight open core gnd outer facmg lavers as
described herein possess sufficient structoral strength in companison with their heavier and
framed counterparts, Saxd resalts were achieved from panels fabnicated ysing honeycomb with
the structure shown m hguare 4 made from resin treated paper and having 1 inch cell hewght, .75
mch cell size, and panted glass sorim facings with 150 Rayils on both sides. Sunilar results were
atso achieved rom panels fabncated using honeycomb with the structure shown in figure 3 made
from untreated paper with core cell height of 0.75 mnch, a cell size of 1 inch and facings with a
resistances of 500 Rayvis on one side and 130 Ravls on the other.

HO45] Acoustical panels made of acoustical substrate 20 may be formed mio in a plarality of
configurations as desired for a given application sound absorption and aesthetic needs, mcluding

for example, without lmitation, polygonal, square, ethipsordal, cirele, hexagon, trapezoid, etc.,
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and with various side profiles including flat, convex, concave, and combinations thereof
Accordingly, the mvention 15 not himited by the shape of the acoustical substrate.

10046] MUL TIPLE CORE ACOUNTTCAL STRUCTURE

10047] According to another aspect of the mvention, a muiti-lavered acoustical structure 100 15
provided by coupling two or more acoustical substrates 20 {ogether as shown i FIG. 6. ina
preferred construction of this embodiment, the acoustical structure 100 includes a lower
acoustical substrate 120a and an upper acoustical substrate 120b.  In the fabrication process, at
least one mtermediate facing witerlayer 102 15 bonded between core 122a of acoustical substrate
120a and core 122b of acoustical substrate 120b on opposite sides of the interlaver. In alternate
less preferred but stili stitable constructions, one of the outer facmg lavers 24 or 28 ot each
acoustical substrate 120a and 1200 may simply be abutted and bonded together by a sustable
adhesive. This construction, however, may increase production costs and weight, and affect the
sound absorption performance of the acousiical structure 100 which must sonicatly accouns for
the additional imtermediate facing laver. Accordingly, a single intermediate facmyg interfaver 102
15 destred when possible,

0048] In contrast to single core gcoustical structures, the nult-lavered construction with
nuilfiple cores advantageously provides the opportunity to mcraase the overall sound absorption
performance (1.e. NRC) andfor the stiffness of the acoustical strocture 100 to resist delflection or
sag over greater unsupportad spans or distances. The multi-layered construction allows the
attgumnent of both high sound absorption and high sound attenuation values in a simple ¢
produce, low cost composite stractare. This approach also allows for higher sound absorption
values m some cases than may be attained trom a single honeveemb or other shaped core
acoustical panel.

0049] 1 is generally difficult to achieve both high sound absorption and high sound attenuation
values in a single prodact since the former requares a high porosity and the latter mass (or high
density}. Those prior products that can achieve both are typically very expensive 1o prodace,
being cratted from thick dense lavers of mmeral fiber, Advantageousty, decoapling souad
absorption frow the structore and material make-up of the panel enables the achievement of both
high attenuation and high absorption in a single product.

[0050] Creating a structure with three or more facing lavers provides additional sites for sound

energy dissipation. For the hugh attenuation structure, the middle or intermediate facing
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mierlayer 102 provides an apparent thickness and additional site for sound energy loss to the
mmpimgimg sound waves, thereby providing acounstical performance benefits. In the low attention
stracture, the presence of three layer changes the apparent stittness of the structure and thus may
favorably mmpact the coincidence dip (1.e. undesired dip 10 sound transmission loss performance
at the particudar frequency where the panel mherently resonates/vibrates resonates based on us
construction when the mcoming sound wave 18 at that same frequency, thereby causing the sound
to be transmitted through the medinm mstead of effectively absorbed). By moving the
comcidence dip away from its occwrence at an undestred frequency {e.g. 300 Hz) by using the
Sound absorption at 500 Hz 1s particularty stgmificant as s one of the four frequencies used o
calculate sound absorption and falls m the mud range of human hearing.

10031] The mterlaver 102 mav constracted similarly 1o and of the same material as outer facing
lavers 24 and 28 described herein and have sinmular dimensions and airflow resistance ratings.
Accordmgly, mterlayer 102 may have an airflow resistance n a range from abouat and inchuding
106 to 500 mks ravis all simlarty 10 outer facing lavers 24 and 28, In various embodunents and
combinations used in the acoustica! structare 100, the mieriayer 102 may have an girtiow
resistance which 18 the same as or difterent than either one or both of outer facing lavers 24 and
28, In other embodiments, the mierlayer 102 may be constructed differently than andior of
different matertals than outer facmg lavers 24 and 28 describad herein and have different
dimensions and/or atrflow resistance.  Any combinations of the foregomg constructions may be
used for outer facing layers 24 and 28 and interlayer 102 depending on the acoustic performance
desired, sag resistance, eic.

[0052] Although FIG, 6 deseribed hevewn mcludes two cores, ol will be appreciated that other

stracture 100 having three or more cores. Accordmgly, the invention 18 not imited 0 a doal core
acoustical structure.

[0633] TEST RESULTS

H354] Sound absorption tests were conducted on acoustical substrate 20 having a single open
contains a graph showing the sound absorption values across a range of frequencies obtamed

from a vartety of honeveomb structures. The absorption values were detenmined using the



unpedance tube method described in ASTM Standard C384. A table of describing the cell
heights, cell sizes and cell sizes s also incladed. The uppermost hine of the graph represents the
Category H construction and the lowermost line of the graph represents the Category D
construction. The remaining Categories are closely coupled between the Categarv D and H lines
as shown. What is noteworthy is that the only factor that imparts a notable change in the sound
absorption curve is the auflow resistance of the surfacing material {category H), The
honeycomb structure s essentially functioning as a spacer for the acoustically shsorptive scrim
layers.
[0055] A chart showing the sound absorption values or NRC for various single open
core constructions (F1G. 2, acoustical substrate 20) and multi-laver open core acoustical
structures (F1G. 0, acoustical stracture 100) determined by ASTM standard C423 is presented in paragraph [0057A].
As noted in the chart, the multi-laver acoustical stractures such as shown in FIG. 6 tended to yield higher
NRC values. The chart also shows the impact of varying the airflow resistance of the front
facing layer 24 ("Front Surface”), rear facing layer 28 (“Back Swurtace™), and intermediate facing
layer 102 ("Middie Layer™) with the front and back designations indicating the facing layers
which are closest to the sound and farthest, respectively, For the malti-laver acoustical structure
100, the NRC value (average) 1s preferably greater than 0.85, and more preferably greater than
0.90. The NRC value used to describe the acoustical performance of g given material s
determined from the average of the sound absorption values at frequencies of 250, 500, 1000,
and 2000 Hz.
10036} It should be noted from the data presented in the chart below that the two cell sizes (i.e. diameters) listed in the chart for
each of the last three entries indicate that the lower acoustical substrate {20b and upper
acoustical substrate 120a had coves 122b and 122a respectively with cells of different sizes tn
width or diameter (1e. 0.50 inches and 1.00 inches). In other possible embodiments, the cell
widihs or dsameters may be the same in each core 1223, 122b. In addition, in some embodiments
the shape of the cells may be different in the maltiple cores {for example, without limitation
honeycomb and triangalar, honeycomb and corrugated, various combinations thereof, and other
shapes). Different cell heights may be also be used in ach core. In some embodiments, the
height of the cells m each 36 in each core 122a, 122b may be the same or ditferent. Furthermore,
the matertals used for cell walls 34 may be the same or different in each core 122a, 122b (e.g.

Kraft paper, fiberglass, aluminum, etc.) Accordingly, the use and possible combhinations of all of
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these foregoing design parameteérs i an acoustical structure 100 ad'mnmgemzsif provide a high

degree of flexibility in achieving the desived sound absomtion performance and sag resistance

for a given application.

00571 [t mayv further be noted from the data presented in the chart below that either in the single core acoustical substrate 20
or muttiple core acoustical structure 100, at least any one of the outer facmg layers 24 and 28 of

mterlaver 102 may be configured and constructed to have an “mfinite”™ agrflow rate meanmg that

the layer/mteriayer 1s a non-~porous structure which does not allow air to pass through. In the

multiple core acoustical structures 100 for which data is shown in the chart below it can bé seen that at least

making the back layer non-porous m some emDOGIMENTS 18 NOT eXWEMelY ASmentat (o me NKC

‘l Sound

Back Absaorption

or sound absorption rating.
[0057A]

Middle

Layer Layer Four
Cell Size mks mks Frequency
(in) Rayls Rayls Average

0.50 150
0.50 150
0.50 150 |
0.50 500 330 0.91

0.50 4500 150 0.75

1.00 150 infinite 0.45
1.00 500 0.63
1.00 150

1.08
1.08
1.08

82
82

82
1.50

infinite

500 infinite

0.50
and
1.89 1.00

infinite

a

00 330

0.50

and
1.89 1.00 500 300 500 0.97

0.50
and
1.99 1.00 500 150 infinite - 0.87
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10038] While the foregoing description and drawimngs represent exemplary embodiments of the
present disclosure, it will be understood that various additions, modifications and sabstitutions
may be made therein without departing from the spirit and scope and range of egnivalents of the
accompanying claims. In particudar, it will be clear (0 those skilled m the art that the present
invention may be embodied in other forms, structures, arrangements, proportions, sizes, and with
other elements, materials, and components, without departing trom the spint or essential
characteristics thereof In addition, numerous variations in the methodséprocesses described
herein may be made within the scope of the presemt disclosure. One skilled 1n the art will further
appreciate that the embodiments may be used with many modifications of structure,
arrangement, proportions, sizes, materials, and components and otherwise, used i the practice of
the disclosure, which are particularly adapted to specific environments and operative
requirements without departing from the principles described herem. The presently disciosed
embodiments are therefore to be considered in all respects as iltustrative and not vestrictive. The
appended claims should be construed broadly, to include other vanants and emboduneats of the
disclosure, which may be made by those skilled i the art without departing from the scope and

range of equivalents.
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CLAIMS

What 1s claimed 1s:

1. An acoustical substrate comprising:

a substantially open core having a plurality of open cells defined by cell walls
extending perpendicular to opposing first and second major sides of the core;

a first tacing layer attached to the first major side of the core; and

a second facing layer attached to the second major side of the core,

wherein the first facing layer is porous and has an airflow resistance in a range of

about 100 to about 7500 mks rayls.

2. The acoustical substrate of claim 1, wherein the acoustical substrate has a noise

reduction coetticient equal to or greater than 0.5.

3. The acoustical substrate of claim 1, wherein the acoustical substrate has a noise

reduction coefficient equal to or greater than 0.65.

4. The acoustical substrate of claim 1, wherein the acoustical substrate has a noise

reduction coefficient equal to or greater than 0.90.

5. The acoustical substrate of claim 1, wherein the first facing layer is coated with a high

solids paint which configures the first facing layer to have the airflow resistance in a

range of about 100 to about 7500 mks rayls.

6. The acoustical substrate of clam 1, wherein the first facing layer is comprised of

laminated non-woven glass fibers.

/. The acoustical substrate of claim 1, wherein the first and second facing layers have a

thickness ranging from about 0.010 to about 0.050 inches.

-16-
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8. The acoustical substrate of claim 1, wherein the core is formed of 20 to 80 pound Kraft

paper.

9. The acoustical substrate of claim 8, wherein the core is treated with phenolic resin for

moisture resistance.

10. The acoustical substrate of claim 1, wherein the core is formed of ﬁberglass or

aluminum sheet.

11. The acoustical substrate of claim 1, wherein the core has honeycomb shaped cells.

12. The acoustical substrate of claim 1, wherein the core has triangular shaped cells.

13. The acoustical substrate of claim 1, wherein the core has a corrugated construction

with cells having open ends disposed proximate to the first and sccond major sides of the

COTC.

14. The acoustical substrate of claim 1, wherein the first and second facing layers are

bonded directly to the core with an adhesive.

15. The acoustical substrate of claim 1, wherein the first and second facing layers are

bonded directly to the core without any intervening structures.

16. The acoustical substrate of claim 1, wherein the substrate 1s frameless from one

perimeter edge of the core to an opposite perimeter edge of the core.

17. The acoustical substrate of claim 1, wherein cells create an open volume of the core

which accounts for 90% or more of the total volume occupied by the core.

-17-
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18. The acoustical substrate of claim 1, wherein the second facing layer is porous and has

an airflow resistance in a range of about 100 to about 1000 mks rayls.

19. The acoustical substrate of claim 18, wherein the second facing layer has an airflow

resistance that 1s difterent than the first facing layer.

20. The acoustical substrate of claim 1, wherein the second facing layer has an airflow

resistance that is the same as the first facing layer.

21. The acoustical substrate of claim 1, wherein the first facing layer is formed of a

woven glass scrim.

22. An acoustical substrate comprising:

a substantially open core having a perimeter edge extending around lateral sides
of the core, the core formed of a plurality of open cells defined by cell walls extending

perpendicular to opposing first and second major sides of the core, the cells walls being

formed of paper;
a first facing layer attached to the first major side of the core; and
a second facing layer attached to the second major side of the core,
wherein the first and second facing layers are each porous and have an airflow

resistance in a range of about 100 to about 7500 mks rayls.

23. The acoustical substrate of claim 22, wherein the acoustical substrate has a noise

reduction coefficient equal to or greater than 0.65.

24. The acoustical substrate of claim 22, wherein the first and second facing layers are
coated with a high solids paint which configures the facing layers to have the airflow

resistance in a range of about 100 to about 7500 mks rayls.

-18-
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25. The acoustical substrate of clam 22, wherein the first facing layer is comprised of

laminated non-woven glass fibers.

26. The acoustical substrate of claim 22, wherein the first and second facing layers have a

thickness ranging from about (0.010 to about 0.050 inches.

27. The acoustical substrate of claim 22, wherein the core is formed of 20 to 80 pound

Kraft paper.

28. The acoustical substrate of claim 22, wherein the substrate 1s frameless on all lateral

stdes around the perimeter edge of the core.

29. The acoustical substrate of claim 22, wherein the core is treated with phenolic resin

for moisture resistance.

30. An acoustical structure comprising:

a first substrate comprising a substantially open first core having a plurality of
open cells defined by cell walls extending perpendicular to opposing first and second
major sides of the first core;

a first facing layer attached to the first major side of the first core, wherein the
first facing layer is porous and has an airflow resistance of about 100 to about 1000 mks
rayls;

a second substrate comprising a substantially open second core having a plurality

of open cells defined by cell walls extending perpendicular to opposing first and second

major sides of the sccond core;
a second facing layer attached to the second major side of the second core; and
an interlayer disposed between the first and second substrates, the first and second

substrates being bonded to opposite sides of the interlayer.

_19-
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31. The acoustical structure of claim 30, wherein the second facing layer of the second
substrate is porous and has an airflow resistance in a range of about 100 to about 500 mks

rayls.

32. The acoustical structure of claim 30, wherein the interlayer of the second substrate 1s

porous and has an airflow resistance in a range of about 100 to about 1000 mks rayls.

33. The acoustical structure of claim 30, wherein the acoustical substrate has a noise

reduction coetlicient equal to or greater than 0.65.

34. The acoustical structure of claim 30, wherein the acoustical substrate has a noise

reduction coefficient equal to or greater than 0.90.

35. The acoustical structure of claim 30, wherein the first facing layer 1s coated with a

high solids paint which configures the first facing layer to have the airflow resistance of

at least 100 rayls.

36. The acoustical substrate of claim 30, wherein the first facing layer 1s comprised of

laminated non-woven glass fibers.

37. The acoustical substrate of claim 30, wherein the first and second facing layers have a

thickness ranging from about 0.010 to about 0.050 inches.

38. The acoustical substrate of claim 30, wherein the first and second cores are formed of

20 to 80 pound Kraft paper.

39. The acoustical structure of claim 30, wherein the first or second core has honeycomb

shaped cells.
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40. The acoustical structure of claim 30, wherein the first or second core has triangular

shaped cells.

41. The acoustical structure of claim 30, wherein the first or second core has a corrugated

construction with cells having open ends disposed proximate to the first and second

major sides of the core.

42. The acoustical structure of claim 30, wherein the first and second cores are bonded

directly to the core with an adhesive.

43. The acoustical structure of claim 30, wherein the first and second core have cells of

the same si1ze 1in width or diameter.

44, The acoustical structure of claim 30, wherein the first and second core have ditferent

size cells in width or diameter.
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Scrim

Surface Resin
mks Cell Treated

Category Rayls Height Cell Size Paper
A 150 3/8" 1/4" NO
B 150 3/8" 1/4" YES
C 150 3/4" 3/8" YES
D 150 1" 1/2" NO
E 150 3/4" 1/2" NO
F 150 1.5" 1/2" YES
G 150 1" 1" NO
H 500 3/4" 1/2" Yes

e i e —— ST—

i e op— . e P A e ———————

1.2

Impedence Tube Absorption Values versus Frequency for Structures with
| Different Cell Sizes and Heights but Essentially Equal Air flow Resistances

630
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