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Description

BACKGROUND

Field

[0001] This application generally relates to structural
noise suppression systems.

Description of the Related Technology

[0002] Since the earliest days of commercial Jet air-
craft, great efforts have been expended in developing
methods and structures for reducing engine noise. Many
different sound absorbing linings have been applied to
intake bypass ducts, compressor casings, and other
components in aircraft turbine engines and turbine en-
gine nacelles.
[0003] EP1201420 describes a noise reduction sand-
wich panel having a waffle core forming cells, and sep-
arative components inserted into the cells to divide the
cells, in the direction of height, into at least two subcells.
[0004] US 5,785,919 describes a structural cellular
component for a noise reduction panel, which comprises
a secondary wall structure that divides cells defined by
a primary wall structure into two or more subcells.
[0005] GB 2452476 describes an acoustic panel for a
gas turbine engine, having a sandwich like construction
including a porous face sheet and an impervious back
sheet. One or more intermediate panels may be provided
between the face sheet and the back sheet.
[0006] FR 2941647 discloses a noise cancelling lay-
ered honeycomb structure comprising a septum placed
between honeycomb cells.
[0007] US 3952831 discloses a composite material
with acoustic absorption properties formed in a honey-
comb structure.

SUMMARY

[0008] The present invention provides an acoustic
structure as claimed in claim 1. Preferred features are
described in the dependent claims. A method of manu-
facturing an acoustic structure is described in claim 13
and a method of reducing noise is described in claim 15.
[0009] One embodiment includes an acoustic structure
comprising a core comprising a plurality of cells, wherein
each cell has an inner surface and at least one septum;
characterised in that: the inner surface has a hole forming
an engaging structure to receive a corresponding engag-
ing structure of the septum, wherein the engaging struc-
ture of the septum protrudes through the hole in the inner
surface thereby positioning the septum with respect to
the core.
[0010] Another embodiment includes a method of
manufacturing an acoustic structure, the method com-
prising: providing a core comprising a plurality of cells,
wherein each of the plurality of cells is defined by walls,

at least one of the walls of each cell having a hole, the
hole being configured to position a septum relative to the
walls of the cell; and inserting a septum having at least
one engaging structure into each one of the plurality of
cells, the engaging structure of the septum abutting the
hole in the at least one of the walls of each cell.
[0011] Another embodiment includes a method of re-
ducing noise. The method includes the steps of the meth-
od above and it further comprises installing the manu-
factured acoustic structure proximal to a source of noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a partial sectional view of an acoustic
structure located near a noise source.
Figure 2 is a perspective view, partially cutaway, of
a dual degree of freedom (DDOF) acoustic structure.
Figure 3 is a perspective view, partially cutaway, of
a single degree of freedom (SDOF) acoustic struc-
ture.
Figure 4 is a perspective view, partially cutaway, of
a single degree of freedom (SDOF) acoustic struc-
ture according to a preferred embodiment of the
present invention and which includes engaging
structure between a core and a plurality of septums.
Figure 5A is a perspective view of a portion of an
acoustic structure according to another preferred
embodiment of the present invention and which in-
cludes a core and septums with engaging structure.
Figure 5B is a top view of the portion of the acoustic
structure of Figure 5A .
Figure 5C is a perspective view, partially exploded,
of the acoustic structure of Figure 5A with a single
septum separated from the core.
Figure 5D is a dose-up of the engaging structure of
Figure 5A.
Figure 6A is a top view of a septum according to a
first embodiment.
Figure 6B is a top view of the septum of Figure 6A
inserted into a single cell of the core.
Figure 7A is a top view of a support ring for use with
a second embodiment of the septum.
Figure 7B is a top view of a septum according to the
second embodiment, Including the support ring of
Figure 7A disposed around the perimeter of the sep-
tum, inserted into a singe cell of the core.
Figure 8 Is a top view of a septum inserted into a
single cell of the core according to a third embodi-
ment
Figure 9 is a top view of a septum inserted into a
single cell of the core according to a fourth embod-
iment
Figure 10A is a top view of a septum according to a
fifth embodiment
Figure 10B is a top view of the septum of Figure 10A
inserted into a single cell of the core.
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Figure 11A is a top view of a septum according to a
sixth embodiment
Figure 11B Is a top view of the septum of Figure 11
inserted Into a single cell of the core.
Figure 12A is a top view of a core that has protrusions
extending Into each cell for engaging with the sep-
tums.
Figure 12B is a top view of the core of Figure 12A
with four septums inserted into four cells of the core.
Figure 13 is a perspective view, partially cutaway, of
a single degree of freedom (SDOF) acoustic struc-
ture with engaging structure disposed at the edge of
the core.
Figure 14A is a perspective view of a row of cells
which together form a portion of a core, the row of
cells being formed from two core sheets.
Figure 14B is a perspective of the two core sheets
from Figure 14A prior to being joined to form the row
of cells.
Figure 15 is a flowchart illustrating a method of man-
ufacturing an acoustic structure according to a pre-
ferred method of the invention.
Figure 16A is a perspective view of an assembly
process in which the septum is first located above a
singe cell.
Figure 16B is a perspective view of the cell and sep-
tum of Figure 16A after the septum has been partially
inserted into the cell but prior to locking the septum
in the cell.
Figure 16C is a perspective view of the cell and sep-
tum of Figure 16C with the septum fully inserted and
looked in the cell.

[0013] The various features illustrated In the drawings
may not be drawn to scale. Accordingly, the dimensions
of the various features may be arbitrarily expanded or
reduced for clarity. In addition, some of the drawings may
be simplified for clarity. Thus, the drawings may not depict
all of the components of a given apparatus, device, sys-
tem, method, or any other illustrated component or proc-
ess. Like reference numerals may be used to denote like
features throughout the specification and figures.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] Various aspects of methods, systems, and ap-
paratuses are described more fully hereinafter with ref-
erence to the accompanying drawings. These methods,
systems, and apparatuses may, however, be embodied
in many different forms and should not be construed as
limited to any specific structure or function presented
throughout this disclosure. Rather, these aspects are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of these methods,
systems, and apparatuses to those skilled In the art.
Based on the descriptions herein, one skilled in the art
should appreciate that the scope of the disclosure is in-

tended to cover any aspect of the methods, systems, and
apparatuses disclosed herein, whether implemented in-
dependently of or combined with any other aspect of the
disclosure. For example, a system or apparatus may be
implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, the
scope of the disclosure is intended to cover such an ap-
paratus, system, or method which is practiced using other
structure, functionality, or structure and functionality In
addition to or other than the various aspects of the dis-
closure set forth herein. The scope of the invention is
defined by the appended claims.
[0015] The following description and the accompany-
ing figures, which describe and show the preferred em-
bodiments, are made to demonstrate several possible
configurations that an acoustic structure can take to in-
clude various aspects and features of the invention.
[0016] Figure 1 is a partial sectional view of an example
noise suppression system. The system 100 includes an
acoustic structure 110 located proximal to a noise source
120. The acoustic structure 110 includes an outer layer
112, an inner layer 116, and a core 114 sandwiched ther-
ebetween. In one embodiment, the outer layer 112 is a
solid layer whereas the inner layer 116 is a perforated
layer. Each cell of the core 114 forms a hollow cavity
which acts as a Helmholtz resonator to attenuate noise.
Thus, noise generated by the noise source 120 enters
the core 114 through the inner layer 116 and is attenu-
ated.
[0017] The noise source 120 can be, for example, a
jet engine and the acoustic structure 110 can be a portion
of a nacelle around the engine or engine intake. Although
the portion of the acoustic structure 110 illustrated is ar-
ranged in an arc to the left of the noise source 120, the
acoustic structure 110 is not limited to the arc length. For
example, the acoustic structure 110 may form a cylindri-
cal shape which surrounds the noise source 120.
[0018] The acoustic structure 110 of Figure 1 is re-
ferred to as a single degree of freedom (SDOF) structure.
Figure 2 is a partially cutaway perspective view of a dual
(or double) degree of freedom (DDOF) acoustic struc-
ture. Both structures 110 and 210 can reduce noise from
a noise source.
[0019] The acoustic structure 210 of Figure 2 includes
an inner layer 216 and an outer layer 212. The inner layer
216 is perforated and the outer layer 212 is solid. Be-
tween the inner layer 216 and the outer layer 212 is a
middle layer 218. The middle layer 218 is solid, or the
middle layer 218 is porous or perforated. Between the
inner layer 216 and the middle layer 218 is a first core
214. Between the middle layer 218 and the outer layer
212 is a second core 215. The cross-section of the first
core 214 and second core 215 can have many shapes.
Further, the layers can have different shapes. The first
core 214 and the second core 215 both have a honey-
comb structure. The cross-section of the first core 214
and second core 215 comprises tessellated hexagons,
and in Figure 2, the hexagons are regular hexagons. In
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other examples, the hexagons are irregular.
[0020] In the illustrated embodiment of Figure 2, the
first core 214 and second core 215 are co-axially aligned.
Thus, the cross-section of the first core 214 and the cross-
section of the second core 215 are aligned in the axial
direction. In another example, the first core 214 and sec-
ond core 215 are offset from each other. Alternatively,
only a portion of each core is offset from a portion of the
other core.
[0021] Figure 3 is a perspective view, partially cut
away, of a single degree of freedom (SDOF) acoustic
structure 310. Whereas the DDOF structure 210 of Figure
2 included two cores 214, 215 separated by a middle
layer 218, the DDOF structure 310 of Figure 3 includes
a single core 214. Each cell of the core is separated into
two cells by a septum 330 disposed between the ends
of the cell. The acoustic structure 310 can be used as
the acoustic structure 110 of Figure 1 to reduce noise
from a noise source.
[0022] The acoustic structure 310 of Figure 3 Includes
an inner layer 216, an outer layer 212, and a core 214
sandwiched therebetween. The Inner layer 216 is perfo-
rated and the outer layer 212 is solid or imperforate. Each
cell of the core 214 is separated by a septum 330 into an
inner cell nearer the inner layer 216 and an outer cell
nearer the outer layer 212. Each septum 330 is held in
place by an adhesive 318. The adhesive 318 can also
be a sealant, which substantially seals the inner cell apart
from the outer cell around the periphery of the septum
330.
[0023] The outer layer 212 can be formed from any
suitable material including metals such as titanium or alu-
minum, plastics such as phenolics, and composites such
as fiber reinforced composites. The inner layer 216 may
be formed of similar materials. In one example, the inner
layer 216 and outer layer 212 are formed of the same
material. In another example, the inner layer 216 and
outer layer 212 are formed of different materials.
[0024] The outer layer 212 is impervious to airflow and
the inner layer 216 is perforated. The size, number, and
spacing of perforations will depend on the acoustic re-
quirements. The perforations are between about 0.030
inches and 0.100 inches in diameter. The perforations
provide about 15% to 35% open area. The perforations
are arranged in a uniform pattern across the layer 216.
[0025] The core 214 can be formed from any suitable
material including for example, metals such as titanium,
aluminum, and alloys thereof, ceramics, and composite
materials. In one example, the core 214 is a honeycomb
structure. In one example, the cross-section of the core
214 comprises tessellated hexagons. In Figure 3, the
hexagons are regular hexagons. In other examples, the
hexagons are irregular. Of course the cross-section of
the core 214 can comprise other shapes including par-
allelograms, rectangles, or squares. For example, the
cross-section of the core 214 can comprise triangles. The
cross-section of the core 214 can include more than one
different shape, such as a triangle and a square.

[0026] Each septum 330 can be formed of any suitable
material. Such materials are typically provided as rela-
tively thin sheets that are perforated, porous, or an open
mesh fabric that is designed to provide noise attenuation.
The septum 330 can be formed of a perforated or porous
sheet of metal, ceramic, or thermoplastic.
[0027] The septum 330 Is formed of an open mesh
fabric that la woven from monofilament fibers. The fibers
can be composed of glass, carbon, ceramic, or polymers.
Monofilament polymer fibers made from polyamide, pol-
yester, polyethylene chlorotrifluoroethylene (ECTFE),
ethylene tetrafluoroethylene (ETFE), polytetrafluor-
oethyloene (PTFE), polyphenylene sulfide (PPS), poly-
fluoroethylene propylene (FEP), polyether other ketone
(PEEK), polyamide 9 (Nylon, 9 PA6), and polyamide 12
(Nylon 12, PA12) are just a few examples. Open mesh
fabric made from PEEK can be particularly suitable in
particular applications, such as, for example, high tem-
perature applications.
[0028] As mentioned above, the septum 330 can be
formed from a woven cloth. Suitable materials for a wo-
ven cloth include stainless steel, aluminum, titanium, and
mixtures thereof. The woven cloth can also be made of
non-metallic materials, as described above. A stainless
steal woven material is strong, light weight, and has de-
sirable sound attenuation characteristics. The strand
crossover points may be joined by any conventional
method, such as sintering or diffusion bonding.
[0029] As mentioned above, the septum 330 can be
bonded to the core 214 with an adhesive 318. Exemplary
adhesives include low solvent solution sprayable adhe-
sive, adhesive films, epoxies, acrylics, phenolics, cy-
anoacrylates, bismaleimides, polyamine-imides, and
polyimides. During manufacture, placement and posi-
tioning of the septums 330 at the correct depth in the
cells of the core 214 before the adhesive 318 is applied
is Important.
[0030] Figure 4 is a perspective view, partially cutaway,
of a single degree of freedom (SDOF) acoustic structure
with engaging structure. The acoustic structure 410 can
be used to reduce noise In the same manner as the
acoustic structure 110 of Figure 1.
[0031] Like the acoustic structure 310 of Figure 3, the
acoustic structure of Figure 4 includes an Inner layer 216,
an outer layer 212, and a core 414 sandwiched therebe-
ween. In one embodiment, the Inner layer 216 is perfo-
rated and the outer layer 212 Is solid. Each cell of the
core 414 is separated by a septum 430 Into an Inner cell
nearer the inner layer and an outer cell nearer the outer
layer. The outer perimeter of the each septum 430 is, in
one embodiment, adhered to the Inner wall of its respec-
tive cell by an adhesive 418. The adhesive 418 can also
be a sealant, which substantially seals the inner cell apart
from the outer cell, except via the septum.
[0032] The acoustic structure 410 of Figure 4 differs
from the acoustic structure 310 of Figure 3 in that each
of the core 414 and septums 430 include engaging struc-
ture which positions the septums with respect to the core
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414 as is described in detail below. In particular, the core
414 is similar to the core 214 of Figure 3 and the septums
430 are similar to the septums 330 of Figure 3, except
that the core 414 and septums 430 each include engag-
ing structure. Various types of engaging structure are
described below.
[0033] Figure 5A is a perspective view of a portion of
an acoustic structure 510 having a core 514 and septums
530. The core 514 has engaging structure 540, The sep-
tums have corresponding engaging structure 560. The
portion of the acoustic structure 510 can be attached to
an inner layer 216 and outer layer 212 to form an acoustic
structure for reducing noise as described above with re-
spect to Figure 1. The core 514 can be formed of similar
materials as the core 214 of Figure 3. Similarly, the sep-
tums 530 can be formed of similar materials as the sep-
tums 330 of Figure 3.
[0034] The core 514 includes a plurality of cells, The
shape of the cells is not limited to the illustrated shapes
and instead can have any shape. For example, the cells
can have a shape of a six-sided polygon or hexagon as
is illustrated in Figure 5A. Other polygon shapes includ-
ing, for example, triangle, quadrilateral, pentagon, hep-
tagon, and octagon also fall within the scope of the dis-
closure. Further, the polygon shape may or may not be
equilateral, regular, or equiangular. In some embodi-
ments, at least a portion of the cell has an arc shape. For
example, the cells can have a generally circular shape
as is illustrated in Figure 13, one or more circular seg-
ments, or other curved shape. The cells of the core 514
illustrated in Figure 5A have a generally hexagonal cross-
section. However, the cross-section is not a regular hex-
agon, but rather a hexagon with four long sides and two
short sides, the two short sides being opposite each oth-
er.
[0035] Each cell includes engaging structure for con-
tacting or receiving at least a portion of the septums 530.
The engaging structure of the cells can include one or
more holes 540, openings, slots, slits, notches, recesses,
indentations, receptacles, grooves, protrusions, or other
structure. The engaging structure may or may not have
a bottom surface. Thus, in some embodiments the en-
gaging structure may or may not penetrate entirely
through the walls of the core 514.
[0036] The engaging structure Illustrated in Figure 5A
is in the form of one or more holes 540 which penetrate
through the walls of the core 514. The holes 540 receive
the engaging structure of the septums 530. The shape
of the engaging structure can be circular, rectangular
(such as slots), triangular (as shown below with respect
to Figures 16A-16C), or any other shape.
[0037] The engaging structure of the septums can be
one or more tabs, protuberances, prongs, protrusions,
or other structure for contacting the engaging structure
of the cell. Further, the engaging structure may be a pe-
rimeter portion of the septum. The perimeter portion need
not protrude from an adjacent perimeter portion of the
septum. For example, the perimeter portion of the septum

may contact a protruding engaging structure of the cell.
The engaging structure of the septums 530 illustrated in
Figure 5A is in the form of tabs 550. With respect to the
cells, each of the long sides of the cell includes an en-
gaging structure in the form of a hole 540 for receiving
the tab 550 of the septum 530.
[0038] The septum 530 has a shape substantially sim-
ilar to that of the cross-section of the cell of the core 514
except that it includes one or more tabs 550 for engaging
with the holes 540 of the core. The tabs 550 of the septum
530 protrude through the holes 540 of the core 514, there-
by supporting and positioning the septum 630 within the
call of the core 514. Each septum 530 can be further
secured and/or sealed with an adhesive 518 applied
around the edges of the cell. Exemplary adhesives in-
clude low solvent solution sprayable adhesive, adhesive
films, epoxies, acrylics, phenolics, cyanoacrylates, bis-
maleimides, polyamine-imides, and polyimides.
[0039] Figure 5B is a top view of the portion of the
acoustic structure of Figure 5A. As can be seen more
clearly in the top view of Figure 5B, the tabs 550 of a
particular septum 530 protrude through the wall of the
cell into an adjacent cell. Of course the tabs 550 need
only protrude partially into the wall of the cell to engage
with the cell. Thus, the tabs 550 need not protrude
through the entire wall of the cell or into the adjacent cell
to engage with the cell. Of course increasing the degree
of engagement between the tab 550 and the wall of the
cell may further hinder or prevent relative movement of
the septum relative to the cell. Further, when a number
of septums 530 are inserted into the core, the tabs 550
of a particular septum 530 can overlap with the tabs and
the body of another septum 530 to further enhance the
engagement between the septums 530 and the core 514.
[0040] Figure 5C is a perspective view, partially ex-
ploded, of the portion of the acoustic structure of Figure
5A with a septum 530 separated from one cell. In partic-
ular, Figure 5C illustrates the portion of the acoustic struc-
ture with one of the septums 530 removed from the core.
As can be seen in Figure 5C, the septum has a shape
substantially similar to that of the cross-section of the cell
of the core 514 except for the addition of one or more
tabs 550 for engaging with the holes 540 of the core.
[0041] Figure 5D is a close-up of the engaging struc-
tures of the core 514 and septums 530 from Figure 5A
engaged with each other. In the embodiment described
above, each cell of the core includes one or more holes
540 through which one or more tabs 550 of the septum
530 protrude. Each hole 540 Is defined by an inner sur-
face 580 of the core. The inner surface 680 need not be
a smooth, continuous surface which extends around the
entire inner circumference of the engaging structure. For
example, the inner surface 580 can include a plurality of
surfaces which together form a polygonal shape of the
engaging structure In the wall of the cell.
[0042] Each inner surface 580 is angled with respect
to the surface of the wall into which the engaging structure
extends. For example as is illustrated in Figure 5D, the
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inner surface 580 is substantially perpendicular to the
wall of the cell.
[0043] At least a portion of the inner surface 580 de-
fines one or more contact locations 588, The one or more
contact locations 588 contact at least a portion of the
engaging structure of the septums 530. The one or more
contact locations 588 can be at one or more points, one
or more lines, one or more areas, or any combination of
points, lines and areas of the inner surface 580. For ex-
ample, the contact locations 688 can be disposed on a
lower portion 598 of the inner surface 580.
[0044] The number and type of contact locations 588
may vary between cells of the same core or vary for a
single cell during assembly of a septum with a cell. In
particular, the type of contact locations 588 with the sep-
tum 530 illustrated in Figure 5D is a point contact Spe-
cifically, the contact locations are at four points where
the inner wall of the cell intersects with the inner surface
580. However, as explained above, the contact locations
588 are not limited to the illustrated arrangement and can
include any combination of points, lines and areas.
[0045] With the septum 530 supported by the inner sur-
face 580 of the hole 540, the septum 530 is hindered
from sliding down into the cell without deforming at least
a portion of the septum 530. Similarly, the septum 530
is hindered from sliding up and/or out of the cell.
[0046] Figure 6A is a top view of a septum according
to a first embodiment. The septum 530 illustrated in Fig-
ure 6A has a generally hexagonal shape with four tabs
550 arranged along the perimeter of the hexagon. Figure
6B is a top view of a cell of the core with the septum 530
from Figure 6A inserted therein. The septum 530 has a
substantially similar shape to a cross-sectional shape of
the cell of the core 514 with the four tabs 550 protruding
through the walls of the cell.
[0047] Figure 7A is a top view of a support ring 732 for
use with a septum 730 according to a second embodi-
ment Figure 7B Is a top view of the septum 730, including
the support ring 732 of Figure 7A, inserted into a cell.
The outer perimeter of the support ring 732 includes the
engaging structure. Although the septums described
above are made of a single structure, the septum 730 of
Figure 7B is made from two structures joined together.
The two structures can also be made of different mate-
rials.
[0048] Within the cell of the core 514 is a hexagonal
septum 730 having a support ring 732 surrounding a
mesh layer 734. In one embodiment, the support ring 732
is made of plastic and the mesh layer 734 is made of a
woven mesh material. The mesh layer 734 can be made
of any material used to make the septum 330 of Figure
3. The support ring 732 includes a plurality of tabs 750
which protrude through the engaging structures in the
cell of the core 514 thereby positioning and supporting
the septum 730 within the cell of the core 514.
[0049] Figure 8 is a top view of a septum 830 inserted
into a cell according to a third embodiment. The septum
830 of Figure 8 is similar to the septum 530 of Figures

6A-6B, except that the septum 830 of Figure 8 has a
smaller size and a different shape than the cross-sec-
tional size and shape of the cell of the core 514, thus
leaving a gap between the septum 830 and the core 514.
Like the septum 530 of Figures 6A-6B, the septum 830
of Figure 8 has four tabs 850 protruding through the walls
of the cell of the core 514. The space or gap between
the septum 830 and the core 514 may or may not be filled
with an adhesive or other sealing structure such as a
rubber seal.
[0050] Figure 9 Is a top view of a septum 930 inserted
into a cell according to a fourth embodiment. The septum
830 of Figure 9 is also similar to the septum 530 of Figures
6A-6B, except that the septum 930 of Figure 9 has a
smaller size and different shape than the cross-sectional
size and shape of the cell of core 514. in particular, the
septum 930 has a different shape from that of the cross-
sectional shape of the cell of the core 514. Like the sep-
tum 530 of Figures 6A-6B, the septum 930 of Figure 9
has four tabs 950 protruding through the walls of the cell
of the core 514. The space or gap between the septum
830 and the core 514 may or may not be filled with another
structure such as adhesive.
[0051] Figure 10A is a top view of a septum 1030 ac-
cording to a fifth embodiment. Figure 10B is a top view
of the septum of Figure 10A inserted into a cell of a core
1014. The septum 1030 of Figures 10A-10B is similar to
the septum 530 of Figures 5A-5D, except that different
engaging structure is employed. For example, instead of
tabs 550 protruding though the walls of the cell of the
core 514 as In Figure 5D, the septum 1030 of Figures
10A-10B includes one or more prongs 1050 for protrud-
ing through the walls of the cell of the core 1014. The
core 1014 is similar to the core 514 of Figures 5A-5D and
includes engaging structure in the form of holes 1040.
The prongs 1050 of the septum 1030 protrude Into and/or
through the holes 1040 in the core 1014.
[0052] In one embodiment, the prongs 1050 are
formed of a different material than the body of the septum
1030. The prongs 1050 can be attached to the body of
the septum 1030 by welding or other attachment means
1052 known to those of skill in the art. In another embod-
iment, the prongs 1050 are formed Integral to the body
of the septum 1030.
[0053] In many of the embodiments described above,
each cell of the core includes one or more inner surfaces
defining engaging structure through which a portion of
the engaging structure of the septum protrudes. As de-
scribed above, the engaging structure of the cells is de-
fined by an inner surface of the cell. However, the core
may include other structure for supporting and/or posi-
tioning a septum within a cell of the core.
[0054] Figure 11A is a top view of a septum 1130 ac-
cording to a sixth embodiment. Figure 11B is a top view
of the septum 1130 of Figure 11 inserted into a cell. The
septum 1130 of Figures 11A-11B is similar to the septum
530 of Figures 6A-6B, except that instead of engaging
structure In the form of tabs 550 protruding though the
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walls of the cell of the core 514, the septum 1130 of Fig-
ures 11A-11B includes one or more protuberances or
protrusions 1150 which protrude into, but not through,
the walls of the cell of the core 1114. The core 1114 is
similar to the core 514 of Figures 6A-6B, except that rath-
er than the engaging structure being in the form of holes
540 which define an opening through the walls of the
core 514, the engaging structure of the core 1114 of Fig-
ure 11B includes one or more recesses, indentations,
receptacles, or grooves 1115 which may or may not pen-
etrate entirely through the walls of the core 1114. In one
embodiment, the engaging structure is a groove dis-
posed in one or more sides of the cells. The groove may
surround the entire cell to form a closed shape.
[0055] Although the indentations 1115 illustrated in
Figure 11B may not penetrate through the walls of the
cell 1114, each indentation 1115 may be defined by an
indentation surface including one or more contact sur-
faces which support the septum 1130.
[0056] In the embodiments described above, each cell
of the core generally defines an axially aligned channel
having a particular cross-sectional shape. In some em-
bodiments, septums within the cell have a substantially
similar shape, but include tabs, prongs, protrusions, or
other engaging structures which extend beyond the
channel into and perhaps through a wall of the cell. How-
ever, the core may include other structure for supporting
and/or positioning a septum within a cell of the core which
do not require corresponding engaging structures which
protrude from the septum. For example, the engaging
structure of the septum may be a perimeter portion of the
septum which does not protrude from an adjacent perim-
eter portion of the septum.
[0057] Figure 12A is a top view of a core that has one
or more protrusions 1217 extending into each cell. Figure
12B is a top view of the core 1214 of Figure 12A with four
septums 1230 inserted into their respective cells. The
core 1214 can be formed of the same materials as the
core 214 of Figure 3.
[0058] The core 1214 includes a number of cells de-
fining channels 1270 with hexagonal cross-sections.
Each cell Includes at least one protrusion 1217 into the
cell. In one embodiment, each cell includes three protru-
sions 1217 extending Into the cell and three protrusions
1217 extending out of the cell (into an adjacent cell) ar-
ranged in an alternating fashion. In the case of a hexag-
onal septum, the first, third and fifth sides of the septum
each includes a protrusion into the cell, while the second,
fourth and sixth sides do not include a protrusion into the
cell, but rather extending out of the cell Into an adjacent
cell. A septum 1230 having a similar shape to that of the
cross-section of a channel 1270 is disposed within the
cell and supported by one or more protrusions 1217. The
septum 1230 can be formed of the same materials as
the septum 330 of Figure 3. The septum 1230 Includes
a perimeter portion which engages or contacts the pro-
trusions 1217. However, the engaging structure of the
septum 1230 is not a tab or protrusion, such as is de-

scribed above. Indeed, the septum 1230 need not have
tabs or protrusions which project beyond the channel
1270 of the core.
[0059] In some embodiments, such as those described
above, each cell of the core includes engaging structure
within channels of a core. In other embodiments, the en-
gaging structure is located at an end of the axial channel.
[0060] Figure 13 is a perspective view, partially cuta-
way, of a single degree of freedom (SDOF) acoustic
structure with engaging structures disposed at the top of
the core 1314. The core 1314 includes a plurality of cir-
cular cells 1315. The core 1314 can be formed of the
same materials as the core 214 of Figure 3. Within each
cell 1315 is a cup-shaped septum 1330, The septum
1330 has a lip 1335 which engages with an edge 1310
on the top of the core 1314. For example, the lip 1335 of
the septum 1330 can have a cross-section larger than
the cross-section of the cell 1315. A lower surface of the
lip 1335 engages with the edge 1310 of each cell 1315.
Thus, the septum 1330 is positioned and supported with-
in the cell 1315. The septum 1330 can be made of the
same materials as the septum 330 of Figure 3. In partic-
ular, the septum 1330 can be formed of more than one
material.
[0061] Although Figure 13 illustrates a cup-shaped
septum 1330, other shapes can be used. For example,
a cone-shaped septum including a lip with a lower surface
or a dome-shaped septum including a lip with a lower
surface can also be used. Further, although Figure 13
illustrates physically separate septums, in one embodi-
ment multiple septums are formed as a single piece gen-
erally joined at the lip portion 1335.
[0062] A core, such as the core 514 of Figure 5A-5D,
can be formed from multiple core sheets 1410, 1420
joined together. Figure 14A is a perspective view of a
portion of core 1440 formed from joining two core sheets
1410, 1420 and including engaging structure 1444. Fig-
ure 14B is a perspective of the components 1400 of the
core 1440 of Figure 14A separated into the core sheets
1410, 1420. A first core sheet 1410 can be formed by
bending and perforating a strip of material into the shape
illustrated in Figure 14B. In particular, the strip of material
is bent into a plurality of four panel sections 1412, wherein
the second and fourth panels of each four-panel section
are substantially parallel. Also, the first and third panels
of each section are perforated, thereby imparting each
perforated panel with an inner surface defining an open-
ing 1414. A second core sheet 1420 can be formed in a
similar fashion, by bending the strip of material into a
plurality of four panel sections and perforating the first
and third panels of each section, thereby imparting each
perforated panel with an inner surface defining an en-
gaging structure in the form of an opening 1424.
[0063] By offsetting the first core sheet 1410 with re-
spect to the second core sheet 1420, the first core sheet
1410 and second core sheet 1420 can be aligned such
that joining panels 1430 are located proximate to each
other. The joining panels 1430 include the fourth panel
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of each section 1412 of the first core sheet 1410 and the
second panel of each section of the second core sheet
1420.
[0064] The core sheets 1410, 1420 can be joined by
attaching the joining panels 1430 together. The joining
panels 1430 can be attached by, for example, welding
or other known methods. Although Figure 14A only
shows a portion of core, an entire core can be formed
from such core sheets joined together.
[0065] Figure 15 is a flowchart Illustrating a method of
manufacturing an acoustic structure 1500 according to
a preferred embodiment of the present invention. The
method begins, In block 1510, with the formation of a
core. The core comprises a plurality of cells, each having
an engaging structure. The core can be formed of any
suitable material as described above with respect to the
core 214 of Figure 3. The core can be formed by joining
a plurality of core sheets as described above with respect
to Figures 14A-14B. In one embodiment, forming the core
includes perforating or punching portions of the core so
as to form engaging structure such as openings, inden-
tations, or protrusions within the core.
[0066] Next, in block 1620, septums are formed. The
septums can be formed of any suitable material as de-
scribed above with respect to the septums 330 of Figure
3. In one embodiment, the septum is punched from a
sheet of woven cloth material. In one embodiment, form-
ing the septums includes forming each septum with a
corresponding engaging structure which engages the en-
gaging structure of the core. For example, the septums
can include tabs, prongs, or protrusions.
[0067] The method continues in block 1530 where the
septums are inserted into the cells. Alternatively, the core
is formed around the septums. In one embodiment, when
the septum is inserted, engaging structure of the septum
engages or locks with corresponding structure of the
core. For example, in one embodiment, when a septum
is inserted, tabs project through slots formed in the core.
In another embodiment, when a septum is inserted, it is
supported by protrusions formed in the core. Figures
16A-16C, described in detail below, illustrate such an
insertion.
[0068] Although the steps associated with blocks
1510, 1520, and 1530 are described sequentially, it is to
be appreciated that they could be formed in any order,
simultaneously, or overlapping in time. For example, in
one embodiment, forming the septum (in block 1520) and
inserting the septum (in block 1630) are performed si-
multaneously. Thus, in one embodiment, the septum is
punched from a sheet and inserted into the cell in a single
motion of a punch.
[0069] In one embodiment, an adhesive sealant is ap-
plied around the inner perimeter of the cell, affixing the
septum within the cell and sealing an inner cell apart form
an outer cell, except via the septum which may be porous,
as described above with respect to Figure 3.
[0070] In one embodiment, the septum includes pro-
trusions which bend when the septum is inserted into a

cell of the core such that the septum is within a channel
defined by the cell walls. Further, once in position, the
protrusions regain their original shape and project be-
yond the channel. This process is now described with
respect to Figures 16A - 16C.
[0071] Figure 16A is a perspective view of a cell of a
core 1614 and a separate septum 1630. The core 1614
includes engaging structure in the shape of triangular-
shaped openings 1640. The septum 1630 includes a
number of corresponding triangular-shaped tabs 1650.
When the septum 1630 Is partially inserted into the cell,
the tabs 1650 bend upwards and elastically deform as
shown in Figure 16B. When the septum 1630 is inserted
further into the cell, each tab 1650 pops through its cor-
responding opening 1640 regaining enough of its original
shape to effectively engage with the opening 1640 as
shown in Figure 16C.
[0072] The shape of the triangular opening 1640, in
conjunction with the hysteresis causing the tabs 1650 to
regain their original shape, biases the septum 1630 up-
wards. This biasing of the septum 1630 reduces any gap
that is formed around the perimeter of the septum 1630
in the region of the opening 1640 and on the upper side
of the cell. The upper side, as opposed to the bottom
side, is often subsequently sealed with adhesive to pro-
vide the Helmholtz effect. By biasing the septum, the
need for additional adhesive or sealant material in this
region may be diminished Improving the overall efficiency
of the manufacturing process.
[0073] Although Figures 16A-16C illustrate insertion of
the septum 1630 from the top side of the core 1614, it is
to be appreciated that the septum 1630 could be inserted
from either the top or bottom side of the core 1614. It
should be appreciated that other slot shapes and tab
shapes can be used, as discussed above.
[0074] The various embodiments of acoustic struc-
tures and noise reduction techniques described above
thus provide a number of ways to reduce engine noise.
In addition, the techniques described may be broadly ap-
plied for use in a variety of noise reduction procedures.
[0075] Of course, it is to be understood that not nec-
essarily all such objectives or advantages may be
achieved in accordance with any particular embodiment
using the systems described herein. Thus, for example,
those skilled in the art will recognize that the systems
may be developed in a manner that achieves or optimizes
one advantage or group of advantages as taught herein
without necessarily achieving other objectives or advan-
tages as may be taught or suggested herein. For exam-
ple, the triangular openings 1640 of Figures 16A-16C
can be used in the core 514 of Figure 5A-5D. As another
example, the two-material septum 730 of Figures 7A-7B
can be used in the acoustic structure 410 of Figure 4.
[0076] Furthermore, the skilled artisan will recognize
the interchangeability of various features from different
embodiments. Although these techniques and systems
have been disclosed in the context of certain embodi-
ments and examples, it will be understood by those
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skilled In the art that these techniques and systems may
be extended beyond the specifically disclosed embodi-
ments. Additionally, it is contemplated that various as-
pects and features of the invention described can be
practiced separately, combined together, or substituted
for one another, and that a variety of combination and
subcombinations of the features and aspects can be
made.
[0077] While the above description has pointed out
novel features of the invention as applied to various em-
bodiments, the skilled person will understand that various
omissions, substitutions, and changes in the form and
details of the device or process illustrated may be made.
Therefore, the scope of the invention is defined by any
presented claims rather than by the foregoing descrip-
tion.

Claims

1. An acoustic structure comprising:

a core (1114) comprising a plurality of cells,
wherein each cell has an inner surface and at
least one septum (1130);
characterised in that:
the inner surface has a hole (540) forming an
engaging structure to receive a corresponding
engaging structure of the septum, wherein the
engaging structure of the septum protrudes
through the hole in the inner surface thereby po-
sitioning the septum with respect to the core.

2. The acoustic structure of Claim 1, wherein a portion
of the septum (1130) extends through the hole in the
inner surface.

3. The acoustic structure of Claim 1, wherein:
the at least one septum (1130) comprises a plurality
of septums (1130) positioned relative to the plurality
of cells.

4. The acoustic structure of Claim 3, wherein
a cross-section of the core (1114) comprises a plu-
rality of hexagons.

5. The acoustic structure of Claim 3, wherein
the acoustic structure further comprises sealant dis-
posed around an inner perimeter of at least one of
the plurality of cells; and/or
the acoustic structure further comprises a solid outer
layer and a perforated inner layer, wherein the core
(1114) is disposed between the inner layer and the
outer layer.

6. The acoustic structure of any of Claims 3 to 5, where-
in
the hole is sized and shaped so as to bias the plurality

of septums (1130) in a direction.

7. The acoustic structure of any of Claims 3 to 5, where-
in each of the plurality of septums (1130) comprises
one or more engaging structures for contacting the
one or more holes of the plurality of cells.

8. The acoustic structure of Claim 7, wherein
the hole contacts at least one of the engaging struc-
tures of the septums (1130); and/or
the one or more engaging structures of the septums
(1130) include a protrusion or a tang; and/or
the one or more engaging structures of the septums
(1130) extend through the cell; and optionally
the one or more engaging structures of the septums
(1130) extend through the cell and into an adjacent
cell of the plurality of cells.

9. The acoustic structure of Claim 3, wherein the en-
gaging structures of the septums (1130) are protru-
sions, at least a portion of one of the protrusions
extending into at least a portion of the hole.

10. The acoustic structure of Claim 9, wherein
the protrusions extend through the cells; and/or
the protrusions extend through the holes and into
adjacent cells of the plurality of cells.

11. The acoustic structure of claim 3, wherein the acous-
tic structure comprises:

a perforated first sheet; and
an imperforate second sheet; wherein
the cells of the core (1114) are defined by cell
walls disposed between the first and second
sheets, the cell walls defining an interior perim-
eter surface for each cell; and
a septum (1130) of the plurality of septums
(1130) is disposed within each of the cells, each
septum (1130) having an outer perimeter sur-
face adjacent to the interior perimeter surface
of the cell is it disposed within.

12. The acoustic structure of Claim 1, wherein the hole
has a circular shape.

13. A method of manufacturing an acoustic structure,
the method comprising:

providing a core (1114) comprising a plurality of
cells, wherein each of the plurality of cells is de-
fined by walls, at least one of the walls of each
cell having a hole, the hole being configured to
position a septum (1130) relative to the walls of
the cell; and
inserting a septum (1130) having at least one
engaging structure into each one of the plurality
of cells, the engaging structure of the septum
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(1130) abutting the hole in the at least one of
the walls of each cell.

14. The method according to Claim 13, further compris-
ing applying a sealant to the cell and the septum
(1130).

15. A method of reducing noise, the method comprising
the steps of claim 13 and further comprising installing
the manufactured acoustic structure proximal to a
source of noise.

Patentansprüche

1. Akustische Struktur, umfassend:

einen Kern (1114), der eine Vielzahl von Zellen
umfasst, wobei jede Zelle eine Innenfläche und
mindestens eine Trennwand (1130) aufweist;
dadurch gekennzeichnet, dass:
die Innenfläche ein Loch (540) aufweist, das ei-
ne Eingriffsstruktur bildet, um eine entsprechen-
de Eingriffsstruktur der Trennwand aufzuneh-
men, wobei die Eingriffsstruktur der Trennwand
durch das Loch in der Innenfläche vorragt, wo-
durch die Trennwand in Bezug auf den Kern an-
geordnet wird.

2. Akustische Struktur nach Anspruch 1, wobei sich ein
Abschnitt der Trennwand (1130) durch das Loch in
der Innenfläche erstreckt.

3. Akustische Struktur nach Anspruch 1, wobei:
die mindestens eine Trennwand (1130) eine Vielzahl
von Trennwänden (1130) umfasst, die relativ zu der
Vielzahl von Zellen angeordnet sind.

4. Akustische Struktur nach Anspruch 3, wobei
ein Querschnitt des Kerns (1114) eine Vielzahl von
Sechsecken umfasst.

5. Akustische Struktur nach Anspruch 3, wobei
die akustische Struktur ferner einen Dichtstoff um-
fasst, der um einen inneren Umfang mindestens ei-
ner aus der Vielzahl von Zellen angeordnet ist;
und/oder
die akustische Struktur ferner eine massive Außen-
schicht und eine perforierte Innenschicht umfasst,
wobei der Kern (1114) zwischen der Innenschicht
und der Außenschicht angeordnet ist.

6. Akustische Struktur nach einem der Ansprüche 3 bis
5, wobei
das Loch so bemessen und geformt ist, dass es die
Vielzahl von Trennwänden (1130) in eine Richtung
vorspannt.

7. Akustische Struktur nach einem der Ansprüche 3 bis
5, wobei jede aus der Vielzahl von Trennwänden
(1130) eine oder mehrere Eingriffsstrukturen zum
Berühren des einen oder der mehreren Löcher der
Vielzahl von Zellen umfasst.

8. Akustische Struktur nach Anspruch 7, wobei
das Loch mindestens eine der Eingriffsstrukturen
der Trennwände (1130) berührt; und/oder
die eine oder die mehreren Eingriffsstrukturen der
Trennwände (1130) einen Vorsprung oder einen
Zapfen beinhalten; und/oder sich die eine oder die
mehreren Eingriffsstrukturen der Trennwände
(1130) durch die Zelle erstrecken; und optional sich
die eine oder die mehreren Eingriffsstrukturen der
Trennwände (1130) durch die Zelle und in eine an-
grenzende Zelle aus der Vielzahl von Zellen erstre-
cken.

9. Akustische Struktur nach Anspruch 3, wobei die Ein-
griffsstrukturen der Trennwände (1130) Vorsprünge
sind, wobei sich mindestens ein Abschnitt eines der
Vorsprünge in mindestens einen Abschnitt des
Lochs erstreckt.

10. Akustische Struktur nach Anspruch 9, wobei sich die
Vorsprünge durch die Zellen erstrecken; und/oder
sich die Vorsprünge durch die Löcher und in angren-
zende Zellen aus der Vielzahl von Zellen erstrecken.

11. Akustische Struktur nach Anspruch 3, wobei die
akustische Struktur Folgendes umfasst:

eine perforierte erste Schicht; und
eine nicht perforierte zweite Schicht; wobei
die Zellen des Kerns (1114) durch Zellwände
definiert sind, die zwischen der ersten und der
zweiten Schicht angeordnet sind, wobei die Zell-
wände eine innere Umfangsfläche für jede Zelle
definieren; und
eine Trennwand (1130) aus der Vielzahl von
Trennwänden (1130) innerhalb jeder der Zellen
angeordnet ist, wobei jede Trennwand (1130)
eine äußere Umfangsfläche angrenzend an die
innere Umfangsfläche der Zelle, in der sie an-
geordnet ist, aufweist.

12. Akustische Struktur nach Anspruch 1, wobei das
Loch eine kreisförmige Form aufweist.

13. Verfahren zum Herstellen einer akustischen Struk-
tur, wobei das Verfahren Folgendes umfasst:

Bereitstellen eines Kerns (1114), der eine Viel-
zahl von Zellen umfasst, wobei jede aus der Viel-
zahl von Zellen durch Wände definiert ist, wobei
mindestens eine der Wände jeder Zelle ein Loch
aufweist, wobei das Loch so konfiguriert ist,
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dass es eine Trennwand (1130) relativ zu den
Wänden der Zelle anordnet; und
Einsetzen einer Trennwand (1130), die mindes-
tens eine Eingriffsstruktur aufweist, in jede ein-
zelne aus der Vielzahl von Zellen, wobei die Ein-
griffsstruktur der Trennwand (1130) an das Loch
in der mindestens einen der Wände jeder Zelle
angrenzt.

14. Verfahren nach Anspruch 13, ferner das Aufbringen
eines Dichtmittels auf die Zelle und die Trennwand
(1130) umfassend.

15. Verfahren zum Verringern von Geräuschen, wobei
das Verfahren die Schritte nach Anspruch 13 um-
fasst, und ferner das Einbauen der hergestellten
akustischen Struktur nahe einer Geräuschquelle
umfassend.

Revendications

1. Structure acoustique comprenant :

un noyau (1114) comprenant une pluralité de
cellules, dans laquelle chaque cellule a une sur-
face intérieure et au moins un septum (1130) ;
caractérisée en ce que :
la surface intérieure a un trou (540) formant une
structure de mise en prise pour recevoir une
structure de mise en prise correspondante du
septum, dans laquelle la structure de mise en
prise du septum fait saillie à travers le trou dans
la surface intérieure positionnant ainsi le septum
par rapport au noyau.

2. Structure acoustique selon la revendication 1, dans
laquelle une partie du septum (1130) s’étend à tra-
vers le trou dans la surface intérieure.

3. Structure acoustique selon la revendication 1, dans
laquelle :
l’au moins un septum (1130) comprend une pluralité
de septums (1130) positionnés par rapport à la plu-
ralité de cellules.

4. Structure acoustique selon la revendication 3, dans
laquelle
une section transversale du noyau (1114) comprend
une pluralité d’hexagones.

5. Structure acoustique selon la revendication 3, dans
laquelle
la structure acoustique comprend en outre un produit
d’étanchéité disposé autour d’un périmètre intérieur
d’au moins l’une de la pluralité de cellules ; et/ou
la structure acoustique comprend en outre une cou-
che extérieure solide et une couche intérieure per-

forée, dans laquelle le noyau (1114) est disposé en-
tre la couche intérieure et la couche extérieure.

6. Structure acoustique selon l’une quelconque des re-
vendications 3 à 5, dans laquelle
le trou est dimensionné et formé de manière à solli-
citer la pluralité de septums (1130) dans une direc-
tion.

7. Structure acoustique selon l’une quelconque des re-
vendications 3 à 5, dans laquelle chacun de la plu-
ralité de septums (1130) comprend une ou plusieurs
structures de mise en prise pour entrer en contact
avec les un ou plusieurs trous de la pluralité de cel-
lules.

8. Structure acoustique selon la revendication 7, dans
laquelle
le trou entre en contact avec au moins l’une des
structures de mise en prise des septums (1130) ;
et/ou
les une ou plusieurs structures de mise en prise des
septums (1130) comportent une saillie ou un tenon ;
et/ou
les une ou plusieurs structures de mise en prise des
septums (1130) s’étendent à travers la cellule ; et
éventuellement
les une ou plusieurs structures de mise en prise des
septums (1130) s’étendent à travers la cellule et
dans une cellule adjacente de la pluralité de cellules.

9. Structure acoustique selon la revendication 3, dans
laquelle les structures de mise en prise des septums
(1130) sont des saillies, au moins une partie de l’une
des saillies s’étendant dans au moins une partie du
trou.

10. Structure acoustique selon la revendication 9, dans
laquelle
les saillies s’étendent à travers les cellules ; et/ou
les saillies s’étendent à travers les trous et dans des
cellules adjacentes de la pluralité de cellules.

11. Structure acoustique selon la revendication 3, dans
laquelle la structure acoustique comprend :

une première feuille perforée ; et
une seconde feuille non perforée ; dans laquelle
les cellules du noyau (1114) sont définies par
des parois de cellule disposées entre les pre-
mière et seconde feuilles, les parois de cellule
définissant une surface périmétrique interne
pour chaque cellule ; et
un septum (1130) de la pluralité de septums
(1130) est disposé à l’intérieur de chacune des
cellules, chaque septum (1130) ayant une sur-
face périmétrique externe adjacente à la surface
périmétrique interne de la cellule à l’intérieur de
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laquelle il est disposé.

12. Structure acoustique selon la revendication 1, dans
laquelle le trou a une forme circulaire.

13. Procédé de fabrication d’une structure acoustique,
le procédé comprenant :

la fourniture d’un noyau (1114) comprenant une
pluralité de cellules, dans lequel chacune de la
pluralité de cellules est définie par des parois,
au moins l’une des parois de chaque cellule
ayant un trou, le trou étant configuré pour posi-
tionner un septum (1130) par rapport aux parois
de la cellule ; et
l’insertion d’un septum (1130) ayant au moins
une structure de mise en prise dans chacune de
la pluralité de cellules, la structure de mise en
prise du septum (1130) venant en butée contre
le trou dans l’au moins une des parois de chaque
cellule.

14. Procédé selon la revendication 13, comprenant en
outre l’application d’un produit d’étanchéité à la cel-
lule et au septum (1130).

15. Procédé de réduction de bruit, le procédé compre-
nant les étapes selon la revendication 13 et compre-
nant en outre l’installation de la structure acoustique
fabriquée à proximité d’une source de bruit.
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