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ACCQUSTIC HONEYCOMB WITH PERFORATED SEPTUM CAPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

{6001]  The present inveotion relates generally to acoustic systems that are used to attevuate
notse. More particularly, the present invention invelves using honeycomb to make nacelles and
other structures that are useful in reducing the noise generated by a jet engine or other noise
SOUrce.

2. Descrivtion of Related Art

0002] It is widely recognized that the best way of dealing with excess noise generated by a
specific source is to treat the noise at the source. This is typically accomplished by adding
acoustic damping structures (acoustic treatments} to the structure of the noise source. Une
particularly problematic noise source is the jet engine used on most passenger aircraft, Acoustic
treatments are typically incorporated in the engine inlet, nacelle and exhaust structures. These
acoustic treatments include acoustic resonators that contain relatively thin acoustic materials or
grids that have millions of holes that create acoustic impedance (o the sound energy generated by
the engine. The basic problem that faces engineers is how to add these thin and flexible acoustic
materials into the structural elements of the jet engine and surrounding nacelle to provide desired
notse attenuation.

{6003]  Honeycomb has been a popular material for use in aircraft and aerospace vehicles
because it s relatively strong and lightweight. For acoustic applications, the goal has been to
somehow incorporate the thin acoustic materials nto the honeycomb siructure so that the
honeycomb cells are closed or covered. The closing of the cells with acoustic material creates
the acoustic impedance upon which the resonator is based.

{8064]  Oue approach to incorporating thin acoustic materials into honeycomb is referred to
as the sandwich design. In this approach, the thin acoustic sheet is placed between two slices of
honeycomb and bonded in place to torm a single structure. This approach has advantages in that
one can utilize sophisticated acoustic material designs that are woven, punched or etched to
exact dimensions and the bonding process is relatively siraple. However, a drawback of this
design is that the strength of the structure is limited by the bond between the two honeycomb

shices and the acoustic material. Also, the bonding surface between the two honeycomb slices is
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limited to the surface area along the edges of the honeycomb. In addition, there is a chance that
some of the holes in the acoustic material may be closed with excess adhesive during the
bonding process. It is important that the holes not be closed because this can result in loss of
active acoustical area of the resonator,

{6005] A second approach uses relatively thick solid tnserts that are jndividually bonded in
place within the boneycomb cells. Once in place, the inserts are drilled or otherwise treated to
form the holes that are necessary for the inserts to function as an acoustic material. This
approach eliminates the need to bond two honeycomb slices together. The result is a strong
structure in which the inserts are securely bonded. However, this approach also has a few
drawbacks. For exarnple, the cost and complexity of having to drill millions of holes in the solid
inserts is a major drawback. In addition, the relatively thick solid inserts make the hoseycomb

stitf and difficult to form into non-planar structures, such as nacelles for jet engines.

SUMMARY OF THE INVENTION

{6006]  In accordance with the present invention, honeycomb acoustic structures are provided
in which individual sheets of acoustic material are formed into septum caps that are inserted into
the honeycomb cells. The septum caps have a flange portion that is substantially thicker than the
acoustic waterial and provide an anchoring surface that is used to attach the septum cap to the
walls of the honeycomb. The septum caps are initially held tn place within the cells by frictional
locking between the anchoring surface and the cell walls. This frictional locking is sufficient to
keep the septum caps in position until they are permanently bonded in place with an adhesive.
{06007]  The acoustic structures of the present invention are designed to be located near a
source of noise, such as a jet engine or other power plant. The structures inchude a honeycomb
that bas a fuirst edge which is to be located nearest the source of noitse and a second edge located
away from the source. The honeyecomb includes a plurality of walls that extend between the first
and second edge of the honeycomb. The walls of the honeycomb define a plurality of cells
wherein each of the cells has a cross-sectional area measured perpendicular to honeycomb walls
and a depth defined by the distance between the first and second edges.

I0008]  As a feature of the present invention, a septum cap is located within at least one of the
honeycomb cells and covers the eatire cross-sectional area of the cell. The septum cap is made

from a sheet of acoustic material that has a thickness and a perimeter. The shest is preferably
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rectangular in shape. The septum cap includes a resonator portion that has an outer edge located
adjacent to the honeycomb walls and a flange portion that extends between the outer edge of the
resonator portion and the perimeter of the sheet of acoustic material. The flange portion has an
anchoring surface that s inutially attached to the cell walls via a frictional engagement to form a
precursor structure.  The anchoring surface has a width wherein the width of the anchoring
surface is substantially greater than the thickuness of the sheet of acoustic material so that it
provides the required degree of frictional locking between the septum caps and the honeycomb
walls. The final acoustic structure is made by taking the precursor structure and applying an
adhesive to the anchoring surface and the cell wall to permanently bond the septum in place.
10009]  The present invention provides a number of advantages over existing honeycomb
acoustic structures. For example, there is no seam between two honeycomb slices to weaken the
structure.  The septum caps may be placed at different levels within the honeycomb cells to
provide fine-tuning of noise attenuation based on weli-known Helmholtz resonator theory.
Multiple septum caps may be placed in a single honeycomb cell at different levels to create
muitiple cavities and tmpedance grids. Septum caps made from different acoustic materials may
be used 1 the same honeycomb structure or even within the same honeycomb cell. The flange
portion provides a relatively large anchoring surface area to insure secure bonding of the septum
cap to the cell wall over the lifetime of the structure. Io addition, the relatively thin and flexible
septum caps do not reduce the flexibility of the honeycomb, which is an important consideration
for nacelles and other non-planar acoustic structure.

{60018] The above discussed and many other featured and attendant advantages of the present
invention will become better understood by reference to the following detailed description when

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{80011} FIG. 1 is a perspective view of an exemplary acoustic structure in accordance with the
present invention.
1000121 FIG. 2 is a perspective view of an exemplary septum cap i accordance with the
present invention.
{600131  FIG. 3 is a cross sectional view of the exemplary septum cap shown in FIG. 2 taken in

the 3-3 plane.
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{00614] FIG. 4 is a cross sectional view of an exemplary acoustic structure in accordance with
the present invention where two sets of septum caps are located at two different depths within
the honeycomb cells.

{00015)  FIG. § 1s a cross sectional view of an exemplary acoustic structure in accordance with
the present invention where two septum caps are located within each honeycomb cell.

{60016]  FIG. 6 15 a schematic representation of a portion of the fabrication process {or making
acoustic structures where the septum cap is formed from a sheet of acoustic material and inserted
into the honeycomb to form a precursor structure.

{60017 FIG.7 is a sectional view showing an exemplary preferred method for applying
adhesive to the anchoring surface of the septum cap and honeycomb wall by dipping the
precursor siructure into a pool of adbesive such that the flange of the septum cap, but vot the
resonator portion, comes in countact with the adhesive,

{00018] FIG. 8 is an exploded perspective view showing a portion of a solid skin, acoustic
structure and perforated skin that are combined together to form an acoustic structure of the type
shown in F1G. 9.

{00019]  FIG. 9 15 a partial sectional view of an exemplary acoustic structure {nacelle) that is
located near a voise source {jet engine). The acoustic structure includes an acoustic honeycomb

sandwiched between a solid skin and a perforated skin.

DETAILED DESCRIPTION OF THE INVENTION

100028]  An exemplary acoustic structure in accordance with the present invention is shown
generally at 10 i FIGS. 1 and §. The acoustic structure 10 includes a honeycomb 12 having a
first edge 14 which is to be located nearest the voise source and a second edge 16, The
honeycomb 10 includes walls 18 that extend between the two edges 14 and 16 to define a
plurality of cells 20. Each of the cells 20 has a depth {(also referred to as the core thickness) that
is equal to the distance between the two edges 14 and 16, Each cell 20 also has a cross-sectional
area that is measured perpendicular to the cell walls 18, The honeycomb can be made from any
of the conventional materials used in making honeycomb panels mmcluding metals, ceramics, and
composite raterials.

{630211  As a feature of the present invention, septum caps 22 are located within the cells 20.

it is preferred, but not necessary, that the septum caps 22 be located in most, if not all, of the
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cells 20, In certain situations, it may be desirable to insert the septum caps 22 in only some of
the cells to produce a desired acoustic effect. Alternatively, it may be desirable to insert two or
more septunt caps into a single cell.

1000221 An exemplary septumn cap 22 1s shown in FIGS. 2 and 3. The septum cap 22 is
formed {rom a sheet of acoustic roaterial by folding the sheet into a hexagoual shaped cap that is
sized to match the cross-sectional areas of the honeyvcomb cells.  The septura cap 22 i3
preferably formed as shown in FIG. 6 by forcing the sheet 60 of acoustic material through a cap
folding die 62 using plunger 63. The sheet 60 1s preferably slightly rectangular in shape and cut
from a roll of acoustic material 64. The sheet 60 has a thickness (1} as shown in FIG. 3 and a
perimeter 65, The size and shape of the sheet 60 may be varied widely depending upon the
shape/size of the honevcomb cell into which the sheet is inserted, the thickness of the sheet 60
and the particular acoustic material being used.

{00623] Referring to FIGS. 2 and 3, the septum cap 22 includes a resonator portion 24 that has
outer edge 25. The septum cap 22 further includes a flange portion 26 that has an anchoring
surface 27 which is initially attached to the cell walls 18 by friction engagement followed by
permanent bonding using an appropriate adhesive. The anchoring surface 27 has a width (W),
{600247  The width (W) of the anchoring surface may be varied depending upon a number of
factors including the cross-sectional area of the cells, the thickuess of the acoustic matenial, the
type of acoustic material and the adhesive. For a typical honeycomb having 1/4 to 1 inch cells,
anchoring surface widths on the order of .05 inch to (0.500 tnch are suitable for acoustic
material that has a thickness on the order of 0.001 inch to 0.10 inch. For standard acoustic
materials having a thickoess of from 0.004 to 0.006 inch, anchoring surface widths of at least
0.20 inch are preferred. In general, 1t is preferred that the width of the anchoring surface be
substantially greater thau the thickness of the acoustic material. “Substantially greater” weans
that the width of the anchoring surface is at least 5 times greater than the thickness of the
acoustic material and preferably at least 20 times greater.

{B0025]  Any of the standard acoustic materials may be used to form the septum caps. These
acoustic materials are typically provided as relatively thin sheets that are perforated, porous or
an open mesh fabric that s designed to provide noise attenuation. Perforated and porous sheets
of various materials (metals, ceramics, plastics) may be used. In one preferred enmbodiment the
acoustic material is an open mesh fabric that s woven from monofilament fibers. The fibers
may be composed of glass, carbon, ceramic or polymers. Monofilament polymer fibers made

K.
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from polyamide, polyester, polyethylene chiorotrifluorcethylene (ECTFE), ethylene
tetrafluorcethylene (ETFE), polytetrafluorcethyloene (PTFE}, polyphenylene sulfide (PPS),
polyfluorcethylene propylene (FEP), polyether ether ketone (PEEK), polyamide ¢ (Nylon, 6
PA6) and polyamide 12 (Nylon 12, PAL12) are just a few examples. Open mesh fabric made
from PEEK s preferred for high temperature applications. Open mesh acoustic fabrics and other
acoustic malerials that may be used to form the septurn caps in accordance with the present
invention are available from a wide variety of commercial sources. For example, sheets of open
mesh acoustic fabric may be obtained from SEFAR America Inc. (Buffalo Division
Headguarters 111 Calumet Street Depew, NY 14043) under the trade names SEFAR PETEX,
SEFAR MNITEX and SEFAR PEEKTEX,

(000261 Another preferred embodiment tnvolves the use of solid sheets of acoustic material
where perforations are forroed in the material either before or after the septum cap s formed.
Although metals, ceramics and plastics of the type identified above may be used for this
embodiment, it is preferred that the acoustic material be PEEK or a similar chemically resistant
polymer material that is suitable for high temperature applications. Sheets or films of PEEK are
available commercially from a number of sources, such as Vietrex USA {Greenville, South
Carolina) which produces sheets of PEEK under the tradename VICTREX® PEEK™ polymer.
{600277  PEEK is a crystalline thermoplastic that can be processed to form sheets that are
either in the amorphous or crystalline phase. Films typically have a thickness of from 0.001 to
(.006 inch. Compared to the crystalline PEEK films, amorphous PEEK films are more
transparent and easier to thermoform. Crystalline PEEK films are formed by heating amorphous
PEEK films to temperatures above the glass transition temperature (T,) of the amorphous PEEK
for a sufficient time to achieve a degree of crystallinity on the order of 30% to 35%. Crystalline
PEEK films have better chemical resistance and wear properties than the amorphous films. The
crystalline PEEK films are also less flexible and have more bounce-back than the amorphous
film. Bounce-back is the force or bias that a folded film exerts towards returning to its original
pre-folded (flat) shape.

{00028] Both crystalline and amorphous PEEK films may be used as septum caps provided
that one takes into account the difference in flexibility and bhounce-back between the two
materials when designing a particular septum cap for a particular honeycomb cell. To geveral, a
thicker film of amorphous PEEK is required to provide a septum cap that has the same degree of

friction-locking that is provided by a thinner crystalline film. For example, if a film of
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crystalline PEEK that is 0.002 inch thick is determined to have the required stiffness and
bounce-back to provide adequate friction-locking of a particular septum configuration, then one
would need to use an amorphous film that is 0.003 inch thick or more in order to achieve the
same degree of friction-locking.

{6002981  Solid films of PEEK or other plastic may be perforated using any technique that
provides multiple openiogs in the solid film. The perforations or holes may be drilled
mechanically or using chemicals. It is preferved that the perforations be made by laser drilling
holes through the relatively thin PEEK film. In one embodiment, a flat sheet of PEEK film is
laser drilled to provide the desired number of perforations prior to forming the film into a septum
cap. An advantage of this procedure is that the flat surface provided by the {ilm makes it easier
to keep the laser beam focused ou the film during the dridlivg operation. lo addition, the
resonator portion and flange portions of the septum cap are perforated without having to refocus
the faser. The septum cap 22 shown in FIG. 3 includes perforations or holes 31and 33 in the
resonator portion 24 and flange portion 26, respectively.  An additional advantage of pre-
drilling the entire film prior to folding it to form the septum is that the holes 33 in the flange
portion 24 provide added surface area and openings where adhesive can enter to fmprove the
bounding of the flange to the cell wall.

{660361 1o another embodiment, the resonator portion of the septum cap is not laser dritled
until after the septum cap has been inserted into the honevcomb. As shown in FIG. 6, a solid
sheet of PEEK 60 is formed into a septum cap 22NP (Not Perforated) and inserted into
honeycomb 12P. The resonator portion of the septum cap is then perforated by laser drilling to
provide holes 35, The laser drilling of the resonator portion may be conducted before or after
the septums are permaneuntly bonded into the honeycomb, 1t is preferred that the laser drilling be
defayed until after the septums have been permanently bonded in place. An advantage of this
procedure is that in some sifuations, especially where numerous perforations in the film are
necessary, one can use a thinner film than is possible when the septum film is pre-drilled. The
inclusion of numerous holes in the film tends to reduce the stiffhess and level of bounce-back of
the film so that the resultant friction-locking of the septum within the cell is also reduced.
Accordingly, by delaying drilling of holes until after the septurn has been inserted, friction-
locked and permanenily bonded within the cell, one can obtain the maximum bounce-back and
friction-locking that is possible with a given film. In addition, laser drilling the holes after the
septums are in place avoids the possibility of perforations being inadvertently blocked by
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misplaced adhesive. A disadvantage of this embodiment is that the resonator portion of the
folded septum may not be entirely flat so that the laser may need to be refocused during the
drilling operation.

{00031} The septum caps 22 may be inserted into the honeycomb cell to provide a wide
variety of acoustic designs. For example, the septum caps way be located at different levels
within the honeycomb 12a as shown at 22a and 22b in FIG. 4. This type of desigu allows fine-
tuning of the noise attenuation properties of the acoustic structure. The two-level design shown
in FIG. 4 is intended only as an example of the wide variety of possible multi-level septum
arrangements that are possible in accordance with the present invention. As will be appreciated
by those skilled in the art, the number of ditterent possible septum placement levels 1s exiremely
large and can be tailored to meet specific noise attenuation requirements.

{00032}  Auother example of an insertion configuration for the septum caps 22 is shown iu
FIG. 5. In this configuration, two sets of septum caps 22¢ and 22d are inserted into the
honeycomb 12b to provide each cell with two septum caps. As is apparent, numerous possible
additional configurations are possible where three or more septum caps are inserted into a given
cell. In addition, the multi-level insertion design exemplified in FIG. 4 may be combined with
the multiple insertion per cell design exemplified i FIG. 5 to provide an unlimited number of
possible septum cap insertion configurations that can be used to fine tune the acoustic structure
to provide optinum noise attenuation for a given source of noise.

{630331  As previously mentioned, the preferred method for inserting the septum caps into the
honeycomb is shown in FIG. 6 where the septum cap is pre-formed using cap folding die 62 and
plunger 63, The reference numerals used to wentify the honeycomb structure in FIG. 6 are the
same as in FIG. 1, except that they include a “p” to indicate that the structure is a precursor
structure wherein the septum caps are not yet permausently bonded to the cell walls.

{00034} It should be noted that the use of a cap-folding die 62 to form the septum cap from the
individual sheets of acoustic material is preferred, but not required. It is possible to use the
honeycomb as the die and form the septum cap by simply forcing the sheet 60 into the cells
using plunger 63. However, the edges of many honeyveomb panels tend to be relatively jagged
because the panels are typically cut from a larger block of honeycomb during the fabrication
process.  Accordingly, the boneycomb edges tend to catch, tear and contaminate the acoustic

material when a flat sheet of material is forcibly inserted directly into the cell. Accordingly, if
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desired, the cap-folding die may be eliminated, but only if the edges of the honeycomb are
treated to remove any rough or jagged edges.

{B0035] It is important that the size/shape of the sheet of acoustic material and the size/shape
of the die/plunger (or just the plunger it the die 1s not used) be chosen such that the septur cap
can be inserted into the cell without damagiong the acoustic material while at the same time
providing enough frictional countact between the anchoring surface and the cell wall to hold the
septumy cap in place during subsequent handling of the precursor structure.  Routine
experimentation can be used to determine the various sizes and shapes of acoustic sheets that are
required in order to achieve the necessary frictional locking or holding of the septum caps in
place in the precursor structure prior to permanent bonding of the anchoring surface to the cell
wall with adhesive. The amount of frictional locking or holding should be sufficient to keep the
septum caps from falling out of the hoveycomb, even i the precursor structure i3 inadvertently
dropped during handling.

{80036} For a standard 3/8 inch composite honeycomb made from conventional materials,
such as fiberglass, phenolic, Nomex and aluminum, the sheet of PEEK film material {(0.001 to
0.015 inch thick) can be a rectangle 65 or a shape 67 matching the cell shape as shown in FIG. 6.
For rectangular sheet, the rectangle should bave dimensions ranging from 0.530 to 8.70 inch by
(.60 to §.80 inch. For film material that is cut to match the shape of the cell, the sheet should be
oversized a sufficient amount to provide a septum cap having the desired flange portion width.
With respect to rectangular sheets that are folded into a septum cap, it is preferred that the sheet
of acoustic material is not notched or otherwise cut in an effort to enhance folding of the sheet,
It was tound that the sheets, without notching, folded into septurm caps that had wrinkles in the
anchoring surfaces that enhanced the bonding of the septum caps to the honeycomb walls, In
addition, notching tends to release sorue of the outward tension or bias force (hounce-back) that
would otherwise be present in the flange portion of the septum cap. This outward bounce-back
force or bias is a result of the polymer in the folded sheet being inherently biased back towards
an unfolded position. This outward force or bounce-back is an important part of the frictional
locking between the septum cap and the cell wall,

{00037} Frictional-locking of the septum cap is achieved by using a combination of flange
size, filmy stiffness/bounce-back and packing of septum material in the corners of the
honevcomb. Hexagonal septum caps that are formed from rectangular sheets of material 65 tend

to have extra material that can be compressed into the corers of the cell to provide additional
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friction-tocking when relatively thin films with low-bounce back are used. In order to reduce
weight and wrinkling of the film, it is preferred that the sheets of film used to form the septum
cap have a perimeter {67 in FIG.5) that more closely resemibles the final septum cap shape, so as
to form a more uniform flange. In this preferred configuration, the size of the flange and
bounce-back of the film provide substantially all of the {riction locking of the septum cap to the
cell wall. For this type of preferred septum cap configuration, materials that are more flexible
and have less bounce-back generally require larger flanges than materials that are less flexible
and have more bounce-back.

{60038] The degree of frictional locking of the septum to the honeycomb can be measured by
placing test weights onto the septums and determining if there is any resulting movement of the
septum.  For example, a septum 1s considered to be frictionally locked to the honeycomb wall
with an acceptable amount of locking force if it passes the following test. A 27 gram test weight
is placed on top of the dry septum from the inserted side. The friction locking force is acceptable
when the dry cap will support the 27 grams without sliding down the honeycomb cell. In an
exemplary test, the 27 gram test weight is a steel rod that is 0.368 inch in diameter and 2.00
inches long.

1608391 With respect to filims of PEEK (thicknesses of 0.001 to 0.015 inch), the filims all are
sufficiently flexible to be formed into septum caps. However, the particular filra that 1s used for
a particular size and shape of septum cap will be determined by chasging the filin bounce-back
by varying filim thickness and film type {crystalline or amorphous} as well as varying the flange
width to establish the combination of film bounce-back and flange width that is necessary to
friction-lock the septum to the cell walls.

100048] The number and size of holes that are drilled in the septum cap, as well as the hole
pattern, way be varied dependiog upon the desived final acoustic properties for the acoustic
structure. The holes or perforations will typically vary in size from 0.002 to 0.015 inch and are
preferably circular in shape. Holes that are not circular may be used, if desired. Other suitable
hole shapes include elliptical, square or slotted. The number of holes drilled in the resonator
portion will vary depending upon hole size and desired acoustic properties. For holes that are
from 0.002 to 0.015 inch in diameter, it is preferred that the number of holes range from 100 to
700 per square inch for most acoustic applications. It is preferred that the number of holes and
hole size be selected to provide the Rayl value and the Non Linear Factor (NLF} required for

the individual acoustic application. The NLF will increase as fewer larger holes are used to meet

~10-



WO 2013/062776 PCT/US2012/059698

the Rayl requirements, while a lower NLF will be produced by increasing the number of smaller
holes to meet a similar Rayl requirement.

{80041} The surface area of the holes should be kept below 20 percent of the overall resonator
portion surface area in order to maintain film integrity and to provide sufficient bounce-back for
friction-locking to the cell walls. If desired the number and size of the holes may be varied
between the resounator portion and the {lange portion.  This allows the use of one hole
configuration in the resonator portion to maximize acoustic properties while also allowing the
use of another hole configuration in the flange to maximize adhesive interaction and resultant

bonding to the cell wall,

(000421 A precursor structure 1s shown at 10p in FIG. 6 where the septum caps 22 are held o
place only by frictional locking. As mentioned previously, the frictional locking must be
sufficient to hold the septum caps securely in position until they can be permanently bonded
using an appropriate adhesive. The adhesive that is used can be any of the conventional
adhesives that are used in honeycomb panel fabrication. Preferred adhesives include those that
are stable at high temperature (300 - 400°F), Exerplary adhesives include epoxies, acrylics,
phenolics, cyanoacrylates, BMTI's, polyamide-imides, and polyimides.

100043] The adhesive may be applied to the anchoring surface/cell wall interface using a
variety of known adhesive application procedures.  An important consideration is that the
adhesive should be applied selectively only to the flange anchoring surface/cell wall interface
and not to the resonator portion of the septum cap. Application of the adhesive to the resonator
portion will result in closing or at least reducing the size of the openings in the mesh or other
acoustic material. Any adhesive application procedure that can provide selective application of
adhesive to the anchoring surface/cell wall intertace may be used.

{00044]  An exemplary adhesive application procedure 1s shown in FIG. 7. In this exemplary
procedure, the honeycomb 12p is simply dipped into a pool 70 of adhesive so that ounly the
flange portions of the septum caps 22p are unmersed in the adhesive. It was {ound that the
adhesive could be accurately applied to the anchoring surface/cell wall interface using this
dipping procedure provided that the septum caps were accurately placed at the same level prior
to dipping. For septum caps located at different levels, multiple dipping steps are required.

Alternatively, the adhesive could be applied using a brush or other site-specific application
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technique. Some of these technigques may be used to coat the core walls with the adhesive before
the septum cap is inserted. Alternatively, the adhesive may be screen printed onto the septum
material and staged before insertion into the core

{00045] The dipping procedure for applying the adhesive as depicted o FIG. 7 was found to
work particularly well because any wrinkles present in the folded sheets of acoustic material
provide small chanvels between the anchoring surface and cell wall that allows adhesive to be
more easily wicked upward by capillary action. This upward wicking provides for fillet
formation at the intersection of the cuter edge of the resonator portion and the cell wall. The
formation of adhesive fillets at the edge of the resonator portion not only provides for good
bonding to the cell wall, but also provides a well-defined boundary between the adhesive and the
resonator portion to insure that the acoustic properties of the resonator portion are not adversely
atfected by the adhesive.

{00646] The acoustic structures in accordance with the present invention may be used in a
wide variety of situations where noise attenuation is required. The structures are well suited for
use in connection with power plant systems where noise attenuation is usually an issue.
Honeyeomb 1s a relatively lightweight material.  Accordingly, the acoustic structures of the
present invention are particularly well suited for use in aircrafl systems. Exemplary uses tnclude
nacelles for jet engines, cowlings for large turbine or reciprocating engines and related acoustic
structures.

{630477  The basic acoustic structure of the present invention is typically heat-formed into the
final shape of the engine nacelle and then the skins or sheets of cuter material are bonded to the
outside edges of the formed acoustic structure with an adhesive layer(s). This completed
sandwich 1s cured in a holding tool, which maintains the complex shape of the nacelle during the
bonding. For example, as shown in FIG. §, the acoustic structure 10 is heat-formed into the {inal
nacelle shape. The sandwich part is made by placing the solid sheet or skin 80 into the bonding
tool. Next, a layer of adbesive is placed on the skin. This is followed by the addition of the
shaped acoustic structure 10. The second layer of adhesive film is added and then the top skin
§2. This completes the sandwich., The assernbly is bonded with heat and pressure. The final
nacelle shape is controlled by the bond tool. The panel will then conform around the jet engine,

which is shown diagrammatically at 90 in FIG. 9.
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Examples of Practice are as follows:

EXAMPLE |

{60048] The following example provides details regarding an exemplary acoustic septum cap
honeycomb in accordance with the present jnvention. It will be recognized by those skilled in
the art that a wide variety of dimensions, honeycomb material, acoustic mesh material and
adhesives may be used. In general, the particular structural and acoustic application will
determine the various design requirements, which include core density, septum depth, acoustic
impedance, core thickness, slice length, slice width and mesh material dimensions,

{00049}  Exemplary Septura Core Product:

An exeraplary acoustic septurn cap core was made from fiberglass honeycomb with 3/8-inch
cells. The septums were located 0.500 inch from the edge of the core, which was 1.25 inch
thick. The acoustic impedance of the septum core was found to be 70 rayls.

1000568]  Materials:

Honeyeomb was supplied by Hexcel Corporation (Dublin, California) and wdentified as

Part number- HRP-3/8-4.5 pounds per cubic foot (pef) (/90 degree fiberglass architecture with
phenolic resin). The density of the honeycomb was 4.5 pounds per cubic foot.

Acoustic Mesh was obtained from SEFAR America, Inc. which was identified as

Part number- 17-2005-W22 (Nonmetallic woven mesh with an acoustic impedance range from
45 to 64 rayls).
The adhesive was obtained from Hexcel Corporation and identified as Part number- 899-5S.
The adhesive 1s in the Polyamide-imide family, which s a proprietary matenial. Other
adhesives, such as epoxies, acrylics, phenolics, cyanoacrylates and polyamides, may be used, if
desired.

{00051} The acoustic core dimensions were as follows:

Core cell size: Typical cel size was 0.396 inch hexagonal inside dimensions measured from
wall to wall. Shice thickness was typically 1.250 mch. The mesh inserted into the hexagonal cells
was typically 0,700 inch by 0.650 inch rectangular shape. The mesh was folded to form the cap
and inserted into honeycomb cell. The top of the cap conforms to the cell shape and size

{hexagonal shape with inside dimensions of §.396 inches}. The side of the cap conforms to the
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honeycomb cell wall for adhesive attachment. The sides of the cap are typically 8.1875 inch long
and are dipped into the adhesive for attachment of the septum cap to the honeycomb.
800521  Adhesive Dipping and Curing Process:
The honeycomb core with the septum caps inseried into each cell is dipped as tollows:
a. The core is placed into a tank of adhesive with the top of the septum in the up position.
b. The slice is lowered to a set level, which allows the adhesive to move up the honeycomb
slice thickness and cover the bottom sides of the cap.
¢. The adhesive dip level up the side of the cap is typically 0.150 inch. The adhesive will
wick up the last typical 0.0375 inch to close and lock the mesh fibers and bond the cap to the
honeycomb wall.
The adhesive cure cycle is accomplished as follows:
Immediately after dipping and draining, the core is placed into a 300°F oven. The adhesive
is subjected to a cure cycle of 3007 F for 30 minutes, 3507 F for 30 minutes and 400° F for 30
fminutes.
{00053]  Acoustic Testing of Mesh and Septom Core:
I. The above meshes provided by SEFAR America, nc. can be adjusted by the supplier to

provide a range of acoustic impedances from 25 to 120 rayls.

i3

The acoustic impedance range for the septum core can also be adjusted by the amount of
adhesive placed on the mesh. Using an example of 50 rayl mesh that is inserted into the
honeycomb. If the adhesive dip level is 0.100 inch up the sides of the cap. The additional
unsealed mesh above the adhesive hine will reduce the final core impedance 1 the cell to
a typical 42 rayls. This would be the lowest impedance available with this design. If the
adhesive seals up to the 0.1875 inch level-- the typical impedance will be 70 rayl.
{60054]  Test Methods for Mesh and Core:

Two methods of testing can be used for acoustic evaluation. The Raylometer or an individual
cell vacuum testing for air permeability. The raylometer units are in rayls and the individual cell
vacuurm uniis are in K Pascals. The following table sets forth the results of an acoustic
evaluation of acoustic septum cap honeycombs where the caps were mesh only (no adhesive)

and where the caps were bonded into place with adhesive, as described above.
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Raylometer Vacuum

Methed Method
17-2005-W022 (Mesh Only) 50 Rayls 32 K Pascals
Septum Core (with adhesive) 70 Rayls 31 K Pascals

The vacuum reading for the mesh only core was made using a 250 inch ID vacuum test head
with the mesh sealed against the opening. The vacuum reading for the Septum Core was made
inside one 3/8-inch septum cell. This is similar to a 0.396 inch ID test head, The vacuurn head
was caltbrated as follows: Vacuum reading when open to the atmosphere 20 K Pa and when
completely sealed to atmosphere 80 K Pa.

{00655] It shouid be noted that the acoustic impedance readings decrease as the area of mesh
{more holes) increases. The typical resonator mesh has an open area of 2% to 4%. When sound
waves pass through the acoustic mesh, the pressure of the waves causes the particles of the mesh
to move. The sound impedance is the ratio of pressure and the particle velocity it produces in the
mesh. In other words: The acoustic impedance is the pressure of the sound waves on the mesh
divided by the instantaneous patticle velocity of the mesh. As mentioned above, the uwmt of
measure here for acoustic impedance ts the rayl. The actual ray! units are in “pascal-seconds per
meter”. The acoustic impedance and vacuum pressure drop across the mesh material is a
function of the open area (number and size of holes per unit area).

100056] For example: when using Sefar mesh part number 17-2005-W022, the pressure drop

for different sizes of circular mesh areas in septum cores (prepared as described above) were as

follows:
Mesh Diameter Mesh Area Vacuum Pressure Drop
Inches Sg-Inches K- Pascals
355 099 31
375 16 29
510 204 26
570 255 23
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This table shows that the number of holes increases with mesh area—and the pressure drop
across the larger septum mesh area is lower,

10005871  The Sefar mesh part number 17-2005-W022 used in the exemplary septum core, as
described above, had a 0.355 inch diameter opening tn the septum cap wmesh, which gave
vacuum readings of 31 K-Pascals and Rayl readings of 70 Raylis for this desigo.

{GO08K]  When the vacuum drop is measured across the acoustic mesh in the 3/8 inch
honeycomb cells the reading can range from 25 to 35 K-pascals and the acoustic impedance of
the mesh in the 3/8 honeycomb cell will range from 50 rayls to 120 rayls.

100059]  As is apparent from the above example, the use of differing amounts of adhesive to
bond the septum caps to the honeycomb provides one with the ability to increase or decrease the
gffective amouut of area of mesh in the hexagon cell. This allows one to countrol the acoustic rayl
value. For Example: If 60 rayl mesh is used in the septum cap. The cell impedance can be
lowered to 50 rayls by allowing the mesh around the top sides of the cap to not be covered with
adhesive. This approach generates more open area of mesh in the cell and will lower the
effective acoustic impedance. If the adhesive is completely covering the sides and part of the
radius between the vertical sides of the cap and the horizontal top of the septum cap the

impedance will tncrease to 75 rayls.

XAMPLE 2

{00060]  Acoustic structures are made in the same manner as Example 1, except that solid
films of crystalling VICTREX®PEEK™ are substituted in place of the PEEK mesh material.
The solid films have thicknesses of between 0.001 aund 0.015 itnch. The films are cut so as to
form hexagonal sheets that are from 0.1 to (.4 inch larger than the (.396 inch instde dimension
of the hexagonal cell. This provides septum caps having flange portions that range in width
from about O.linch to 0.4 inch. The hexagonal sheets of PEEK are formed into septum caps
having a resonator portion that matches the 0.396 inch inside dimension of the hexagonal cell,
The various septum caps are inserted into the honeycomb. Adequate friction-locking of the
septun to the honeycomb is then tested by using the test method that was mentioned previously
where a 27 gram weight is placed on the septum. Those septums that pass the test and remain

friction-locked in the honeycomb are suitable for mass fabrication and insertion into honeycomb
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for final adhesive bonding as set forth in Example 1. After adhesive bonding, the resonator
portions of the septums are laser drilled to provide a perforated septum cap having from 100 to

700 holes per square inch where the holes range in size from 0.002 to 0.015 inch in diameter.

EXAMPLE 3

{600611  Acoustic structures are made in the same manner as Example 2, except that the solid
films of crystailine VICTREX®PEEK™ are laser drilled prior to folding into septum caps to
provide perforated films having from 100 to 700 holes per square inch where the holes range in

size from 0.002 to 0.015 inch diameter.

{00062} Having thus described exemplary erabodiments of the present invention, U should be
noted by those skilled in the art that the within disclosures are exemplary only and that various
other alternatives, adaptations and mwodification may be made with the scope of the present
invention. Accordingly, the present invention is not limited to the above preferred embodiments

and exarnples, but 1s only Hmited by the following claims.
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What is claimed is:

1. An acoustic structure comprising:

a honeyceomb comprising a first edge and a second edge, said honeycomb further
comprising a plurality of walls that extend between said first and second edges, said walls
defining a plurality of cells wherein each of said cells has a cross-sectional area measured
perpendicular to said walls and a depth defined by the distance between said first and second
edges;

a septum cap located within at least one of said cells, said septum cap comprising a sheet
of flexible material that has a thickness and a perimeter, said sheet of flexible matenial being
sufficiently flexible to be folded and inserted into said cell to form said septum cap compuising a
perforated resonator portion that extends in the same plane transversely across said cell and
which has an outer edge located at said walls and a flange portion that extends between the outer
edge of said perforated resonator portion and the perimeter of said sheet of flexible material, said
flange portion extending parallel to said walls and comprising an anchoring surface which is
attached to said walls, said anchoring surface having a width wherein the width of said
anchoring surface is substantially greater than the thickness of said sheet of flexible material;
and

an adhesive that bonds said anchoring surface to said wall.

2. An acoustic structure according to claim 1 wherein the flange portion of said septum cap is

perforated.

3. An acoustic structure according to claim 1 wherein the flange portion of said septur cap is

not perforated.

4. An acoustic structure according to claim 1 wherein said sheet of flexible material is a plastic.

%

. A precursor acoustic structure comprising:
a honeveomb comprising a first edge and a second edge, said honevcomb further
comprising a plurality of walls that extend between said first and second edges, said walls

defining a plurality of cells wherein each of said cells has a cross-sectional area measured
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perpendicular to said walls and a depth defined by the distance between said first and second

a septum cap that is friction-locked within at least one of said cells, said septum cap
comprising a sheet of flexible material that has a thickuness and a perimeter, said sheet of
flexible material being sufficiently flexible to be folded and inserted wnto said cell to form said
septun cap comprising a perforated resonator portion that extends in the same plaue transversely
across said cell and which has an cuter edge located at said walls and a flange portion that
extends between the outer edge of said perforated resonator portion and the perimeter of said
sheet of flexible material, said flange portion extending parallel to said walls and comprising an
anchoring surface which is attached to said walls, said anchoring surface having a width wherein
the width of said anchoring surface and the bounce-back of said flexible material is sufficient to

friction-lock said septum cap within said cell.

6. A precursor acoustic structure according to claim 8 wherein the flange portion of said septum

cap is perforated.

7. A precursor acoustic structure according to claim 5§ wherein the flange portion of said septum

cap s not perforated.

8. A precursor acoustic structure according to claim 8 wheretn said sheet of flexible material is a

plastic.

9. A method for making a precursor acoustic structure, said method comprising the steps of:

providing a honeycomb comprising a first edge and a second edge, said honeycomb
further comprising a plurality of walls that extend between said first and second edges, said
walls defining a plurality of cells wherein each of said cells has a cross-sectional area measured
perpendicular to said walls and a depth defined by the distance between said first and second
edges;

providing at least one sheet of flexible material that has a thickuess and a pertmeter, said
flexible material being sufficiently flexible to be folded into the shape of a septum cap for
insertion into said cell, said septum cap having a resonator portion that extends transversely

across said cells and which has an outer edge to be located at said walls and a flange portion that
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is located between said outer edge of said resonator portion and the perimeter of said sheet of
acoustic material, said flange portion extending parallel to said walls and comprising an
anchoring surface having a width;

torming said sheet of flexible material into said septum cap;

mserting said septum cap into said cell such that said anchoring surface is adjacent to said
walls, said anchoring surface beiong sufficiently wide and the bounce-back of said flexible

material being sufficient to provide friction-locking of the inserted septum cap to said cell wall.

10. A method for making a precursor acoustic structure according to claim ¥ wherein said sheet
of flexible material is perforated prior to forming said sheet of flexable material into said septum

cap.

1. A method for making a precursor acoustic structure according to claim 9 wherein said

resonator portion is perforated after said septum is inserted into said cell.

12, A method for making precursor acoustic structure according to claim 9 wherein said flexible

material is a plastic.

13. A method according to claim % which includes the additional step of adhesively bonding

satd anchoring surface to the wall of said honeycomb to form an acoustic structure.
14, A method for making an acoustic structure according to claim 13 wherein said sheet of
flexible material 1s perforated prior to forming said sheet of flexible material into said septum

cap.

15. A method for making an acoustic structure according to claim 13 wherein said resonator

portion is perforated after said septumm is inserted into said cell.

16, A method for making an acoustic structure according to claim 13 wherein said tlexible

material is a plastic.
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17. A method form making an acoustic structure according to claim 13 wherein the steps of
folding said flexible material to form said septum cap and inserting said septum cap into the celil
are carried out together.

18. An acoustic structure wade according to the method of claim 13,

19. A power plaat system that comprises an acoustic structure according to claim 1.

20, An airplane that comprises an acoustic structure according o claim 1.
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