US 20200101690A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0101690 A1

OISHI et al. 43) Pub. Date: Apr. 2, 2020
(54) SOUND-ABSORBING PANEL AND B32B 712 (2006.01)
MANUFACTURING METHOD FOR SAME GI0K 11/168 (2006.01)
B64D 33/02 (2006.01)
(71)  Applicants:IHI CORPORATION, Tokyo (JP); F02C 7/24 (2006.01)
JAPAN AEROSPACE (52) U.S.CL
EXPLORATION AGENCY, Tokyo CPC ............ B32B 3/12 (2013.01); FO5D 2230/60
(JP); GIFU PLASTIC INDUSTRY (2013.01); B32B 27/34 (2013.01); B32B 37/12
CO., LTD., Gifu-shi, Gifu-ken (JP) (2013.01); B32B 7/12 (2013.01); G10K 11/168
(2013.01); B64D 33/02 (2013.01); F02C 7/24
(72) Inventors: TSlltOIIfll OISHI, TOkyO (JP), . (201301), B32B 2607/00 (201301), B32B
Masahiro HOJO, Tokyo (JP); Shingo 2605/18 (2013.01); B32B 2307/10 (2013.01);
SHIBAGAKI, Gifu-shi (JP) B64D 2033/0206 (2013.01); FOSD 2220/323
] (2013.01); FO5D 2260/96 (2013.01); B32B
(21) Appl. No.: 16/619,118 3/266 (2013.01)
(86) PCT No.: PCT/IP18/21486 A sound-absorbing panel to be used affixed to a jet engine of
an aircraft, provided with: a resin core layer having a first
§ 371 (C?(l)’ surface, a second surface disposed on the side opposite from
(2) Date: Dec. 4, 2019 the first surface, and multiple partitions extending between
. .. . the first surface and second surface so as to partition multiple
G0 Foreign Application Priority Data cells; a resin first skin layer laminated on the first surface of
) the core layer; and a resin second skin layer laminated on the
Jun. 7, 2017 (IP) e 2017-112560 second surface of the core layer. The first skin layer is
Publication Classificati disposed so as to face the external space while in use, and
ublication €assilication has multiple through-holes for providing communication
(51) Int. CL between internal spaces of the multiple cells and external
B32B 3/12 (2006.01) space faced by the first skin layer. The core layer has
B32B 3/26 (2006.01) openings for providing communication between the internal
B32B 27/34 (2006.01) spaces of the multiple cells and external space of the core
B32B 37/12 (2006.01) layer.




US 2020/0101690 A1

Apr. 2,2020 Sheet 1 of 6

Patent Application Publication




US 2020/0101690 A1

Apr. 2,2020 Sheet 2 of 6

Patent Application Publication

60

Fig.2B

[ewn] “ [ ]
(g0 oJ =
e A Ny
oo — 0 22
‘\a\(\j\

N 77777 \
p\9% 4)
aig% ¢ N

/\\\\ \/
NN/ T77777 \“\/

%)V/“ AN
< l\-ﬂl““( \\c“l\.ll <
O y\ A - NS

/N 1

% “ N

e N\ 77777 AAN

\/W ~ 4%
2 ENH N o
NV ~ ,/, 2

N 777 \\\\/
LN/ 9%

Y/ \\\ N
| N/

414 C 0N

% Y

/] ¥

b N
Ll 7727 /
f\ﬁ ey
[ JEEE m ¥
382 ~
(s ) [ e}



Patent Application Publication  Apr. 2,2020 Sheet 3 of 6 US 2020/0101690 A1

Fig.3A

1 S2
A S S S S NOSYSS S SRS SN S Y 3
S SSENY ;i NS S 21
N 60 | K N\
[\ N N
N 501 N N 23¢20
A1 NI IR N1 M) IR
N\ N N
<\ N <\ N {22
| RSN SNSS ESSNX NN J

23 >20

7
| L
U %
Dg\/

/
/
777 Y
/////
/
/;

7
//
/
2l
/7
77777
e

52

]
N1 K Y TSNS T RS SSA 2 )
N\ % N\ N\ \ NN
0o N[N R







Patent Application Publication  Apr. 2,2020 Sheet S of 6 US 2020/0101690 A1




Patent Application Publication  Apr. 2,2020 Sheet 6 of 6 US 2020/0101690 A1

Fig.6

60 60
| . Sl L |
SRR T S S N VA S N0 VA N NN
30a<32 ~X% 4 T 77 2] 7 7 \
3]‘/\1_\ I\‘/ > /\:I| / \ : I}\/ /\ E> \\ BDb
AN SRR RRIY SRR SRR AR SR R
SRS T NS
N R Nl R
N N t N 23+ 20
) N~ IN N
\ N 1 Q §
\
N\ ) N\ 2P
tUb{EE\“\ S S Rk ~N
AU{}/\ e \/(// > \/f\ 7> 277 \;td[)b A0
50 50 404

Fig.7




US 2020/0101690 A1

SOUND-ABSORBING PANEL AND
MANUFACTURING METHOD FOR SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a sound-absorbing
panel and a method for manufacturing the sound-absorbing
panel. More specifically, the present disclosure relates to a
sound-absorbing panel that is attached to and used with a jet
engine of an aircraft and a method for manufacturing the
sound-absorbing panel.

BACKGROUND ART

[0002] To absorb noise produced in an air passage of a jet
engine for an aircraft, a sound-absorbing panel is attached at
a position facing an air passage. A conventional sound-
absorbing panel attached to a jet engine is made of a metal
having superior heat resistance, low-temperature resistance,
and impact resistance. The sound-absorbing panel is made of
a metal taking into consideration the environment aircrafts
will be exposed to, such as flights at altitudes of 10,000
meters or higher, takeoffs and landings at airports in hot
desert regions, or the like.

[0003] Patent Document 1 discloses a sound-absorbing
panel arranged in a fan duct of a jet engine of an aircraft. The
sound-absorbing panel includes a front surface layer facing
an air passage, a rear surface layer bonded with a wall
surface of the fan duct, and a honeycomb layer sandwiched
between the front surface layer and the rear surface layer.
The front surface layer facing the air passage is formed by
a sheet of metal having a many pores that are continuous
with the honeycomb layer. The sound-absorbing panel func-
tions as a Helmholtz resonator to absorb noise inside the fan
duct.

PRIOR ART LITERATURE

Patent Literature

[0004] Patent Document 1: Japanese Laid-Open Patent
Publication No. 57-4814

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0005] In order to improve the performance of the jet
engine, a ratio (bypass ratio) of air bypassing a combustion
chamber and discharged rearward from a nacelle to air
drawn from the front of the nacelle into a fan case may be
increased. This increases the diameter of the jet engine and
increases noise inside the air passage, through which the
bypass-flow passes. Further, an increase in the diameter of
the jet engine increases the surface area of the air passage.
This increases the area over which the sound-absorbing
panel is arranged to absorb the noise in the air passage. As
a result, the weight of the sound-absorbing panel is
increased. Thus, the conventional metal sound-absorbing
panel increases the total weight of the aircraft and adversely
affects the fuel efficiency.

[0006] Moreover, when the aircraft takes off or lands at an
airport in a hot desert region of a tropical zone, sand may
enter the fan duct and scratch the surface of the metal
sound-absorbing panel. Scratches in the surface of the
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sound-absorbing panel may easily disturb the air current in
the fan duct and lower the combustion efficiency of the
aircraft.

[0007] One object of the present disclosure is to provide a
sound-absorbing panel that is light in weight and has supe-
rior scratch resistance.

Means for Solving the Problem

[0008] A sound-absorbing panel that solves the above
problems is attached to and used with a jet engine of an
aircraft. The sound-absorbing panel includes a core layer, a
first skin layer, and a second skin layer. The core layer is
formed from a resin and includes a first surface, a second
surface at a side opposite to the first surface, and a plurality
of partition walls. The partition walls extend between the
first surface and the second surface and partition a plurality
of cells. The first skin layer is formed from a resin and
laminated on the first surface of the core layer. The second
skin layer is formed from a resin and laminated on the
second surface of the core layer. The first skin layer is
exposed to an external space when in use and includes a
plurality of through holes connecting an internal space of the
cells and the external space to which the first skin layer is
exposed. The core layer includes a plurality of openings
connecting the internal space of the cells and the external
space of the core layer.

[0009] The sound-absorbing panel configured as described
above is attached to and used with a jet engine of an aircraft.
The sound-absorbing panel includes the core layer including
the first surface and the second surface, the first skin layer
laminated on the first surface of the core layer, and the
second skin layer laminated on the second surface of the
core layer. The core layer, the first skin layer, and the second
skin layer are all formed from a resin. This reduces the
weight of the entire sound-absorbing panel and consequently
reduces the weight of the aircraft. Further, the first skin layer
is formed from a resin. This limits scratching of the first skin
layer even when sand enters the air passage where the
sound-absorbing panel is arranged. Therefore, the obtained
sound-absorbing panel is light in weight and has superior
scratch resistance.

[0010] Further, the first skin layer of the sound-absorbing
panel includes the through holes connecting the internal
space of the cells and the external space of the first skin
layer. Thus, the sound-absorbing panel functions as a Helm-
holtz resonator and absorbs the noise propagating through
the external space in a preferred manner. Moreover, the core
layer includes the openings connecting the internal space of
the cells and the external space of the core layer. For
example, water may be condensed inside the sound-absorb-
ing panel due to the difference in the temperature when an
aircraft is flying and the temperature when the aircraft is
taking off or landing. Further, rain water or the like may
enter the sound-absorbing panel. Such water, for example,
may freeze into a mass of ice when the aircraft is flying and
produce an impact to the sound-absorbing panel. In this
respect, the sound-absorbing panel includes the openings
connecting the internal space of the cells and the external
space of the core layer. Thus, the sound-absorbing panel can
release condensed water, rain water, or the like from the
sound-absorbing panel through the openings. This limits
static impacts applied to the sound-absorbing panel by a
mass of ice or the like produced inside the core layer.
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[0011] In the above sound-absorbing panel, the resin may
be a polyamide resin.

[0012] In the above sound-absorbing panel, the polyamide
resin may be a nylon having a water absorption rate of 1.0%
or less.

[0013] In the above sound-absorbing panel, the polyamide
resin may be nylon 6.

[0014] A sound-absorbing panel that solves the above
problems is attached to and used with a jet engine of an
aircraft. The sound-absorbing panel includes a core layer, a
first skin layer, and a second skin layer. The core layer is
formed from a resin and includes a first surface, a second
surface at a side opposite to the first surface, and a plurality
of partition walls. The partition walls extend between the
first surface and the second surface and partition a plurality
of cells. The first skin layer is formed from a resin and
laminated on the first surface of the core layer. The second
skin layer is formed from a resin and laminated on the
second surface of the core layer. The first skin layer is a
laminated body including an outer layer, an inner layer, and
an intermediate layer. The outer layer is exposed to an
external space when in use. The intermediate layer is sand-
wiched between the outer layer and the inner layer. A resin
forming the intermediate layer has a higher hardness than a
resin forming the outer layer and the inner layer. The first
skin layer includes a plurality of through holes connecting
an internal space of the cells and the external space to which
the outer layer is exposed.

[0015] In the above sound-absorbing panel, the core layer
may be adhered to the first skin layer and the second skin
layer by a modified resin.

[0016] In the above sound-absorbing panel, the second
skin layer has a thickness that is less than that of the first skin
layer.

[0017] In the above sound-absorbing panel, the core layer

may include an outer wall forming the first surface and
adhered to the first skin layer. The through holes may extend
through the first skin layer and the outer wall.

[0018] In the above sound-absorbing panel, the core layer
may be a honeycomb structure.

[0019] A method that solves the above problems is a
method for manufacturing a sound-absorbing panel attached
to and used with a jet engine of an aircraft. The method
includes forming a resin core layer including a first surface,
a second surface at a side opposite to the first surface, and
a plurality of partition walls extending between the first
surface and the second surface and partitioning a plurality of
cells. The method further includes forming a plurality of
openings in the core layer to connect an internal space of the
cells and an external space of the core layer, bonding a first
skin layer formed from a resin to the first surface of the core
layer, bonding a second skin layer formed from a resin to the
second surface of the core layer, and forming a plurality of
through holes in the first skin layer to connect the internal
space of the cells and the external space to which the first
skin surface is exposed.

[0020] In the above manufacturing method, the first skin
layer, the core layer, and the second skin layer that are
bonded together form a hollow structure. The method may
further include bending the hollow structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1 is a diagram illustrating the structure of a jet
engine of an aircraft.
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[0022] FIG. 2A s a perspective view of a sound-absorbing
panel in accordance with one embodiment.

[0023] FIG. 2B is a cross-sectional view taken along line
a-a in FIG. 2A.
[0024] FIG. 3A is a cross-sectional view of a core layer

taken along line a-a in FIG. 2A.

[0025] FIG. 3B is a cross-sectional view of the core layer
taken along line fl-fl in FIG. 2A.

[0026] FIG. 3C is a cross-sectional view of the core layer
taken along line y-y in FIG. 2A.

[0027] FIG. 4 is a diagram illustrating openings in the core
layer of the sound-absorbing panel shown in FIG. 2A.
[0028] FIG. 5A is a perspective view of a sheet member
forming a core layer that is a resin structure of the sound-
absorbing panel shown in FIG. 2A.

[0029] FIG. 5B is a perspective view of the sheet member
shown in FIG. 5A when being folded.

[0030] FIG. 5C is a perspective view of the sheet member
shown in FIG. 5A after being folded.

[0031] FIG. 6 is a diagram illustrating a modified example
of the sound-absorbing panel.

[0032] FIG. 7 is a diagram illustrating a modified example
of the openings.

EMBODIMENT OF THE INVENTION

[0033] A sound-absorbing panel and a method for manu-
facturing the same will now be described.

[0034] As shown in FIG. 1, a jet engine 1 of an aircraft
uses air as working fluid to obtain a thrust by drawing air
from the front and discharging the air toward the rear. The
jet engine 1 includes an engine 2 and a fan 3 located at the
front of the engine 2. The engine 2 includes a compression
chamber, a combustion chamber, and a turbine. The engine
2 is accommodated in a nacelle 4.

[0035] The air drawn from the front of the jet engine 1 is
compressed by the fan 3. Part of the compressed air flows
through a structural guide vane 5 between the nacelle 4 and
the engine 2 into an air passage and is directly discharged
toward the rear. This generates thrust of the aircraft. The rest
of the compressed air is drawn into the engine 2. The
drawn-in air is compressed in the compression chamber and
combusted in the combustion chamber to drive the turbine,
which is the drive source of the fan 3.

[0036] The jet engine 1 includes sound-absorbing panels
10 to absorb noise. The sound-absorbing panels 10 are
attached to the jet engine 10 facing an external space such
as the air passage, through which noise propagates. In
addition to the air passage, noise is produced between the
fan 3 and the structural guide vane 5 due to aerodynamic
interference.

[0037] As shown in FIG. 1, the sound-absorbing panels 10
are attached to, for example, the inner circumferential sur-
face of the nacelle 4 at three locations, namely, frontward
from the fan 3, between the fan 3 and the structural guide
vane 5, and rearward from the structural guide vane 5. A
sound-absorbing panel 10 may also be attached to an outer
circumferential surface of the engine 2. FIG. 1 is a cross-
sectional view of the jet engine 1 showing the inner air
passage to facilitate understanding of the locations where the
sound-absorbing panels 10 are attached to the inner circum-
ferential surface of the nacelle 4.

[0038] As shown in FIG. 2A, each sound-absorbing panel
10 includes a core layer 20, a first sheet layer 30, and a
second sheet layer 40. The core layer 20 includes a first
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surface, a second surface, and a plurality of cells S. The
second surface is arranged at a side opposite to the first
surface. The cells S are arranged next to one another
between the first surface and the second surface. The first
sheet layer 30 is laminated on the first surface of the core
layer 20 (upper surface in FIG. 2A) and the second sheet
layer 40 is laminated on the second surface of the core layer
20 (lower surface in FIG. 2A). The sound-absorbing panel
10 is attached to the jet engine 1 so that the first sheet layer
30 is exposed to, for example, the air passage. In the
description hereafter, the side of the core layer 20 where the
first sheet layer 30 is located will be referred to as a front
side or an upper side of the sound-absorbing panel 10.
Further, the side of the core layer 20 where the second sheet
layer 40 is located will be referred to as a rear side or a lower
side of the sound-absorbing panel 10.

[0039] As shown in FIG. 2B, the core layer 20 is formed
by folding a single sheet of polyamide resin having a
predetermined form. The core layer 20 includes a first outer
wall 21, a second outer wall 22, and a plurality of partition
walls 23 extending between the first outer wall and the
second outer wall. Six partition walls 23 form a hexagonal
hollow portion. The first outer wall 21 forms the first surface
of the core layer 20 and the second outer wall 22 forms the
second surface of the core layer 20. The first outer wall 21,
the second outer wall 22, and six partition walls 23 form a
hexagonal, columnar cell S inside the core layer 20. Spe-
cifically, the first outer wall 21 and the first sheet layer 30 of
the core layer 20 form a first wall 10a, which is a front
surface of each cell S, and the second outer wall 22 and the
second sheet layer 40 of the core layer 20 form a second wall
105, which is a rear surface of each cell S.

[0040] FIG. 2B is a cross-sectional view showing a state
in which first cells S1 and second cells S2, which will be
described later, are alternately arranged. Further, in the
drawings, dimensions, for example, thickness and length of
the core layer 20 and the sheet layers 30 and 40 do not depict
actual scale.

[0041] As shown in FIGS. 3Ato 3C, the cells S partitioned
inside the core layer 20 include first cells S1 and second cells
S2, which have different structures. In order to facilitate
understanding of the structure of the core layer 20, the first
sheet layer 30 and the second sheet layer 40 are omitted from
the sound-absorbing panel 10 in the cross-sectional views of
the core layer 20 shown in FIGS. 3A to 3C.

[0042] As shown in FIG. 3B, the first cells S1 each include
a first end closed by the double-layered first outer wall 21
and a second end closed by the single-layered second outer
wall 22. The two layers forming the double-layered first
outer wall 21 are bonded with each other.

[0043] As shown in FIG. 3C, the second cells S2 each
include a first end closed by the single-layered first outer
wall 21 and a second end closed by the double-layered
second outer wall 22. The two layers forming the double-
layered second outer wall 22 are bonded with each other.
[0044] As shown in FIGS. 3B and 3C, a double-layered
partition walls 23 partitions two adjacent first cells S1 and
two adjacent second cells S2. In contrast, as shown in FIG.
3A, a single-layered partition wall 23 partitions adjacent
ones of the first cell S1 and the second cell S2.

[0045] As shownin FIG. 2A, the first cells S1 are arranged
in a line in direction X, and the second cells S2 are arranged
in a line in direction X. The sound-absorbing panel 10
includes lines of the first cells S1 and lines of the second
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cells S2, which are alternately arranged adjacent in direction
Y that is orthogonal to direction X. The core layer 20 has a
honeycomb structure including the first cells S1 and the
second cells S2. The sound-absorbing panel 10 is formed by
bonding the first sheet layer 30 and the second sheet layer 40
respectively to the first surface and the second surface of the
core layer 20 as described above.

[0046] As shown in FIGS. 2B, 3A to 3C, and 4, the core
layer 20 includes a plurality of openings 50 connecting an
internal space of the cells S and an external space of the core
layer 20. The openings 50 in the first cells S1 are cut out of
the partition walls 23 of the core layer 20 from the side at
which the second sheet layer 40 is located and formed in the
partition walls 23 and the single-layered second outer wall
22. In the same manner as the first cells S1, the openings 50
in the second cells S2 are cut out of the partition walls 23 of
the core layer 20 from the side at which the second sheet
layer 40 is located and formed in the partition wall 23 and
the double-layered second outer wall 22a.

[0047] As shown in FIG. 4, each opening 50 is formed in
the corresponding partition wall 23 at a substantially central
location in a widthwise direction. Further, in the core layer
20 having the honeycomb structure, among the six partition
walls 23 forming a single cell S, the openings 50 extend
through two opposing partition walls 23. FIG. 4 shows only
the partition walls 23 of the core layer 20 to facilitate
understanding of locations where the openings 50 are
formed.

[0048] As shown in FIG. 2B, the first sheet layer 30
includes a first skin layer 30a and a first adhesive layer 305.
The first skin layer 30a is formed from a polyamide resin
and located at an outer side (front side of sound-absorbing
panel 10). The first adhesive layer 305 is bonded with the
first skin layer 30a. The first sheet layer 30 has a double-
layer structure. The first skin layer 30qa is bonded with the
core layer 20 by the first adhesive layer 305. That is, in the
sound-absorbing panel 10, the first adhesive layer 305 is
located between the core layer 20 and the first skin layer 30a.
[0049] In the same manner as the first sheet layer 30, the
second sheet layer 40 includes a second skin layer 40a and
a second adhesive layer 405. The second skin layer 40a is
formed from a polyamide resin and located at the outer side
(rear side) of sound-absorbing panel 10. The second adhe-
sive layer 405 is bonded with the second skin layer 40a. The
second sheet layer 40 has a double-layer structure. The
second skin layer 40q is bonded with the core layer 20 by the
second adhesive layer 405. That is, in the sound-absorbing
panel 10, the second adhesive layer 405 is located between
the core layer 20 and the second skin layer 40a.

[0050] As shown in FIGS. 2A and 2B, the first wall 10a of
the sound-absorbing panel 10 includes a plurality of through
holes 60 connecting the internal space of the cells S and the
external space to which the first skin layer 30a is exposed.
More specifically, as shown in FIG. 2B, the through holes 60
that are connected to the first cells S1 extend through the first
sheet layer 30 and the double-layered first outer wall 21 of
the core layer 20. The through holes 60 that are connected
to the second cells S2 extend through the second sheet layer
40 and the single-layered first outer wall 21 of the core layer
20. In the present embodiment, a through hole 60 is arranged
in each cell S at a substantially central portion.

[0051] The polyamide resin used for the core layer 20, the
first skin layer 30qa, and the second skin layer 40a may be a
known nylon resin, for example, nylon 6. A nylon resin has
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superior scratch resistance (wear resistance), impact resis-
tance, heat resistance, low-temperature resistance, oil resis-
tance, chemical resistance, and mechanical strength.
Examples of the nylon resin include nylon 6, nylon 11, nylon
12, nylon 66, nylon 610, nylon 6T, nylon 61, nylon 9T, nylon
MS5T, nylon 612, and the like. Among the above nylon
resins, nylon 6 having a proper resiliency (flexibility) is
superior in scratch resistance and impact resistance.

[0052] The resin forming the core layer 20, the first skin
layer 30a, and the second skin layer 40a may be polyamide
elastomer resin in which an elastomer is mixed with a
polyamide resin. The polyamide elastomer resin has supe-
rior resiliency (flexibility). This improves the impact resis-
tance of each layer forming the sound-absorbing panel 10.
Among the layers forming the sound-absorbing panel 10, at
least the first skin layer 30a, which is exposed to the external
space, may be formed from a polyamide elastomer resin.
Alternatively, only the first skin layer 30a may be formed
from a polyamide elastomer resin and the core layer 20 and
the second skin layer 40a may be formed from a polyamide
resin that does not include an elastomer. This will allow the
sound-absorbing panel 10 to maintain strength in a preferred
manner while having impact resistance at the front surface
exposed to the external space.

[0053] To facilitate processing of the sound-absorbing
panel 10, among nylon resins, it is preferred that a nylon
resin having a water absorption rate of 0.5% or greater and
1.0% or less be used, further preferably, a nylon resin having
a water absorption rate of 0.5% or greater and 0.7% or less
be used, and even further preferably, a nylon resin having a
water absorption rate of 0.5% or greater and 0.6% or less be
used. If the water absorption rate is set in this range, the
nylon resin will not foam when absorbing moisture from the
air during molding process of the sound-absorbing panel 10,
storage of the sound-absorbing panel 10, or manufacturing
of the sound-absorbing panel 10.

[0054] The first adhesive layer 305 of the first sheet layer
30 is formed by a modified polyolefin-based adhesive,
which is a modified resin in which a functional group is
added to polypropylene to obtain an adhesive property.
Examples of the modified polyolefin-based adhesive include
modified polyethylene and modified polypropylene. The
first sheet layer 30 may be manufactured, for example,
through coextrusion in a state in which the first skin layer
30a is integrated with and the first adhesive layer 3054.
Alternatively, the first skin layer 30a and the first adhesive
layer 306 may be manufactured separately and then bonded
through heat-welding.

[0055] The second skin layer 40a and the second adhesive
layer 405 of the second sheet layer 40 may each be formed
from the same material as the first skin layer 30a and the first
adhesive layer 306 of the first sheet layer 30. The second
adhesive layer 4056 of the second sheet layer 40 may have the
same thickness as the first adhesive layer 3056 of the first
sheet layer 30. Instead, as shown in FIG. 2B, the second skin
layer 40a of the second sheet layer 40 may be thinner than
the first skin layer 30a of the first sheet layer 30.

[0056] The thickness of the core layer 20 may be set so
that Helmholtz resonance occurs at the frequency subject to
sound absorption. The Helmholtz resonance frequency is set
based on the internal volume of the cell S, the thickness of
the first sheet layer 30, and the cross-sectional area of the
through hole 60, that is, when multiple through holes 60 are
formed in a single cell S, the total cross-sectional area of the
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through holes in the single cell S, and the like. The thickness
of the first sheet layer 30 is set in accordance with the
frequency subject to sound absorption. Alternatively, the
thickness of the first sheet layer 30 is set in accordance with
the flexural strength or impact resistance required for the
sound-absorbing panel 10. For example, the thickness of the
first sheet layer 30 may be set to approximately 0.5 to 1.5
mm Although the thickness of the second sheet layer 40 is
not particularly limited, when the thickness is set to, for
example, approximately 0.4 to 1.0 mm, the weight can be
reduced.

[0057] A method for manufacturing the sound-absorbing
panel 10 will now be described. The method for manufac-
turing the sound-absorbing panel 10 includes a step of
shaping the core layer 20, a step of forming the openings 50
in the core layer 20, a step of forming a hollow structure by
bonding the core layer 20 with the first sheet layer 30 and the
second sheet layer 40, a step of bending the hollow structure,
a step of performing an end surface processing on the hollow
structure, and a step of forming the through holes 60 in the
hollow structure. The order in which these steps are per-
formed may be changed. For example, the step of forming
the openings 50 in the core layer 20 may be performed after
the step of forming the through holes 60 in the hollow
structure.

[0058] First, the step of shaping the core layer 20 by
folding a single sheet member 100 will now be described.

[0059] As shown in FIG. 5A, a single sheet made of a
polyamide is shaped into a predetermined form to obtain the
sheet member 100. The sheet member 100 includes strip-
shaped flat surface regions 110 and bulged regions 120,
which are alternately arranged in a transverse direction
(direction X) of the sheet member 100. Each bulged region
120 includes a first bulged portion 121 extending across the
entire bulged region 120 in the direction in which the bulged
region 120 extends (direction Y).

[0060] The first bulged portion 121 includes a bulged
surface and two connection surfaces and has the form of a
groove that opens downward. The bulged surface is bulged
from the flat surface region 110, and the connection surfaces
intersect with the bulged surface. The bulged surface of the
first bulged portion 121 may be orthogonal to the connection
surfaces.

[0061] The width of the first bulged portion 121, or the
transverse length of the first bulged portion 121, is equal to
the width of the flat surface region 110 and two times greater
than the bulging height of the first bulged portion 121, or the
transverse length of the connection surface.

[0062] As shown in FIG. 5A, the bulged region 120
includes a plurality of second bulged portions 122. Each
second bulged portion 122 has a trapezoidal cross-section,
which is obtained by dividing a regular hexagon into two
along the longest diagonal line. The second bulged portions
122 are orthogonal to the first bulged portion 121. The
second bulged portions 122 are bulged to the same height as
the first bulged portion 121. Further, the distance between
two adjacent second bulged portions 122 is equal to the
width of the bulged surface of each second bulged portion
122.

[0063] The first bulged portion 121 and the second bulged
portions 122 are formed by bulging parts of the sheet using
the plasticity of the sheet. Further, the sheet member 100
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may be shaped from a single sheet through a known molding
process such as a vacuum molding or a compression mold-
ing.

[0064] As illustrated in FIGS. 5A and 5B, the core layer 20
is formed by folding the sheet member 100, which has been
shaped as described above along boundaries P and Q. More
specifically, the sheet member 100 is folded inward at
boundaries P between the flat surface regions 110 and the
bulged regions 120 and folded outward at boundaries Q
between the bulged surfaces of the first bulged portions 121
and the connection surfaces. In this way, the sheet member
100 is compressed in direction X.

[0065] Then, as illustrated in FIGS. 5B and 5C, folding is
performed so that the bulged surfaces of the first bulged
portions 121 overlap with the connection surfaces, and
folding is performed so that the end surfaces of the second
bulged portions 122 overlap with the flat surface regions
110. This forms one partitioned body 130, which is a
polygonal post and extends in direction Y, from each bulged
region 120. Such partition bodies 130 are continuously
formed in direction X to form the plate-like core layer 20.
[0066] In this case, the portion corresponding to the
bulged surfaces and the connection surfaces of the first
bulged portions 121 forms the first outer wall 21 of the core
layer 20, and the portion corresponding to the end surfaces
of the second bulged portions 122 and the flat surface
regions 110 forms the second outer wall 22 of the core layer
20. As shown in FIG. 5C, overlapped portions 131 are
formed by the double-layered portions where folding is
performed so that the bulged surfaces and the connection
surfaces of the first bulged portions 121 overlap each other
in the first outer wall 21. Further, overlapped portions 131
are formed by the double-layered portions where folding is
performed so that the end surfaces of the second bulged
portions 122 and the flat surface region 110 are overlap each
other in the second outer wall 22.

[0067] As shown in FIG. 5C, the hexagonal regions where
the second bulged portions 122 are folded form the second
cells S2, and the hexagonal regions defined between two
adjacent partition bodies 130 form the first cells S1. In the
present embodiment, the bulged surfaces and connection
surfaces of the second bulged portions 122 form the partition
walls 23 of the second cells S2. Further, the connection
surfaces of the second bulged portions 122 and flat surface
portions located between the second bulged portions 122 of
the bulged regions 120 form the partition walls 23 of the first
cells S1. Moreover, the double-layered partition walls 23 are
formed by portions where the bulged surfaces of the second
bulged portions 122 are in contact with each other and
portions where the above-described flat surface portions are
in contact with each other in the bulged region 120. In
addition, the first end of each first cell S1 is closed by the
two overlapped portions 131 and the second end of each
second cell S2 is closed by the two overlapped portions 131.
When performing such a folding process, the sheet member
100 may be heated and softened.

[0068] Subsequently, the openings 50 are formed in the
core layer 20 obtained in the manner described above. The
opening 50 can be formed by piercing a side surface of the
core layer 20 along the second outer wall 22 of the core layer
20 with an opening jig, for example, a drill, a needle, a
punch, or a heating rod.

[0069] Opening jigs are arranged at intervals substantially
equal to the interval between the centers of two adjacent
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cells S in direction Y of FIG. 2A. A lower edge of each
opening jig is located at a position corresponding to the
lower surface of the core layer 20 (lower surface of second
outer wall 22). The opening jigs are arranged relative to the
core layer 20 in direction X of FIG. 2A, and the opening jigs
are then relatively moved in direction X to simultaneously
form the openings 50 in the core layer 20. The openings 50
may also be formed by moving the opening jigs toward the
partition walls 23 from the side at which the second outer
wall 22 of the core layer 20 is located.

[0070] Thus, in the first cells S1, the openings 50 are
formed in the partition walls 23 and the single-layered outer
wall 22 of the core layer 20 by cutting out the partition walls
23 of the core layer 20 from the side at which the second
outer wall 22 is located. Further, the openings 50 are formed
in the partition walls 23 of the core layer 20 and the
double-layered second outer wall 22 in the second cells S2
in the same manner as the first cells S1. The openings 50
open toward the side of the core layer 20, and lower ends of
the openings 50 open downward (toward rear surface of
sound-absorbing panel 11).

[0071] The cells S, the openings 50, and the through holes
60 are arranged next to one another in the direction in which
the sound-absorbing panel 10 extends (planar direction of
sound-absorbing panel 10), or in direction X and direction Y
in which the sound-absorbing panel 10 extends. Direction X
and direction Y are orthogonal to a thickness-wise direction
of the sound-absorbing panel 10.

[0072] Next, the first sheet layer 30 is bonded with the first
surface of the core layer 20 through heat-welding, and the
second sheet layer 40 is bonded with the second surface of
the core layer 20 through heat-welding. This forms a hollow
structure including the core layer 20 and the sheet layers 30
and 40.

[0073] The heating temperature when heat-welding the
first sheet layer 30 and the second sheet layer 40 to the core
layer 20 is set to a temperature that is higher by a few
degrees to less than twenty degrees than the melting point of
the adhesive layer 306 of the sheet layer 30 and the adhesive
layer 406 of the sheet layer 40. Specifically, the heating
temperature is set to a few degrees higher than the melting
point of a modified polyolefin-based adhesive, which is a
modified resin forming the adhesive layers 3056 and 405. The
heating temperature is set to be sufficiently lower than a
molding temperature for softening the polyamide resin
forming the core layer 20 and the skin layers 30a and 40aq.
[0074] The heating time for heat-welding the sheet layers
30 and 40 to the core layer 20 is set to several seconds to less
than twenty seconds so that the same portion of the sheet
layers 30 and 40 will not be heated over a long period of
time. Thus, temperatures of the core layer 20 and the skin
layers 30a and 40a will not reach a high temperature that
results in softening and melting. This allows for softening
and melting of only the adhesive layers 306 and 405 without
the need for strict control of the heating temperature.
[0075] Subsequently, the hollow structure is bent in cor-
respondence with the shape of portions where the sound-
absorbing panel 10 is arranged. In the present embodiment,
the hollow structure is bent into a curved panel in corre-
spondence with the inner circumferential surface of the
nacelle 4.

[0076] When bending the hollow structure, for example,
two heated panels having the shape of the portion where the
sound-absorbing panel 10 is arranged are prepared to sand-
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wich the hollow structure. This heats and changes the shape
of the hollow structure. The heating temperature when
bending the hollow structure is set to several degrees higher
than the melting point of the polyamide resin in the core
layer 20 and the sheet layers 30 and 40. The heating time is
set between several seconds to less than twenty seconds so
that the hollow structure will not be heated for too long and
melted.

[0077] Then, an end surface processing is performed on
the hollow structure. Further, the through holes 60 are
formed from the side at which the first sheet layer 30 of the
hollow structure is located.

[0078] The through hole 60 is formed by piercing a
piercing jig, for example, a drill, a needle, or a puncher
through the first wall 10a of the hollow structure. Piercing
jigs may be arranged at intervals substantially equal to the
interval between the centers of two adjacent cells S. The
distal ends of the arranged piercing jigs are directed toward
the hollow structure, and the piercing jigs are relatively
moved to simultaneously form the through holes 60. The
through holes 60 improve the sound absorption performance
of the hollow structure of the sound-absorbing panel 10. In
the obtained sound-absorbing panel 10, a single through
hole 60 is formed at a substantially central portion in each
cell S of the first wall 10a.

[0079] The steps described above are performed to manu-
facture the sound-absorbing panel 10 that is applicable to a
jet engine of an aircraft.

[0080] The sound-absorbing panel 10 of the present
embodiment has the following advantages.

[0081] (1) The core layer 20, the first sheet layer 30, and
the second sheet layer 40 included in the sound-absorbing
panel 10 are formed from a polyamide resin thereby reduc-
ing the weight of the sound-absorbing panel 10. This reduces
the weight of the aircraft to which the sound-absorbing panel
10 is attached and improves the fuel efficiency of the aircraft.

[0082] (2) A surface of a metal sound absorbing-panel is
easily scratched. Scratches may disturb the air flow in the
external space, for example, the air passage, of the panel. In
this respect, the sound-absorbing panel 10 is formed from a
resin and thus has superior scratch resistance. Thus, the
sound-absorbing panel 10 is not easily scratched even when
the aircraft, to which the sound-absorbing panel 10 is
attached, takes off or lands at an airport or the like in a desert
region and sand or dust collects on the sound-absorbing
panel 10.

[0083] (3) The shape of the resin sound-absorbing panel
10 can be changed more easily than a metal sound-absorbing
panel. For example, heated panels having predetermined
shapes can be pressed against the sound-absorbing panel 10
to easily change the shape of the sound-absorbing panel 10.
This allows for freedom in its design to conform to the shape
of the portion where the sound-absorbing panel 10 is
arranged. For example, the sound-absorbing panel 10 can
readily be shaped to be arcuate in correspondence with the
shape of the outer circumferential surface of the engine 2 or
the air passage. Further, ridges and valleys can easily be
formed in the sound-absorbing panel 10 in correspondence
with the ridges and valleys of the portion where the sound-
absorbing panel 10 is arranged. Moreover, the sound-ab-
sorbing panel 10 can readily be heated and melted to be
heat-welded with another sound-absorbing panel 10 or lami-
nated in layers. The sound-absorbing panels 10 can also be

Apr. 2, 2020

bonded with each other by fasteners, for example, bolts and
nuts instead of heating and melting the resin for the heat-
welding.

[0084] (4) The sound-absorbing panel 10 is formed from
a resin, for example, a polyamide resin. Use of a polyamide
resin, particularly a nylon resin, obtains the sound-absorbing
panel 10 having superior scratch resistance (wear resis-
tance), impact resistance, heat resistance, low-temperature
resistance, oil resistance, chemical resistance, and mechani-
cal strength. The strength of the sound-absorbing panel 10
can be maintained even when the aircraft is exposed to a low
temperature of —=70° C. while flying or a high temperature of
60° C. when taking off or landing at an airport or the like in
a desert region. Further, the sound-absorbing panel 10
formed from a resin resists scratching caused by foreign
objects such as sand or dust. Moreover, the sound-absorbing
panel 10 formed from a polyamide resin having superior
flexibility, such as nylon 6, can absorb the impact of a
striking object, for example, even when a bird or ice in the
cloud strikes the inside of the jet engine during a flight. This
limits spreading of damage caused from an object striking
the sound-absorbing panel 10.

[0085] (5) If the sound-absorbing panel 10 is formed from
a polyamide resin having a water absorption rate higher than
or equal to a predetermined value, the polyamide resin may
foam when absorbing moisture from the air during the
molding step of the sound-absorbing panel 10. In this
respect, a nylon resin having a water absorption rate of 1.0%
or less is employed to limit foaming of the polyamide resin
and facilitate processing when molding or bending the
sound-absorbing panel 10.

[0086] (6) The first wall 10a of the sound-absorbing panel
10 includes a plurality of the through holes 60. Thus, the
sound-absorbing panel 10 functions as a Helmholtz resona-
tor and absorbs noise in the external space of the panel
through where the noise propagates, such as the air passage
of the jet engine.

[0087] (7) A desired sound absorption effect can be
obtained by changing the number, shape, or size of the
through holes 60. Further, the desired sound absorption can
be obtained by changing at least one of the thickness of the
core layer 20 or the internal volume of each cell S.

[0088] (8) The first surface and the second surface of the
core layer 20 are bonded with the walls 21 and 22, each of
which has a single-layered or double-layered structure.
Thus, the core layer 20 is bonded along a plane with the first
sheet layer 30 and along a plane with the second sheet layer
40. In this case, the sound-absorbing panel 10 has a higher
strength compared to when the sheet layers 30 and 40 are
respectively bonded with two surfaces of the honeycomb
structure or when the sheet layers 30 and 40 are respectively
bonded with two surfaces of the honeycomb body formed
only by partition walls.

[0089] (9) Parts of the partition walls 23 and the second
outer wall 22 of the core layer 20 include the openings 50
connecting the internal space of the cells S and the external
space of the core layer 20. This releases the moisture
condensed inside the sound-absorbing panel 10 from the
sound-absorbing panel 10 even when the jet engine is
exposed to a large temperature difference.

[0090] (10) The outer surface of the first wall 10a of the
sound-absorbing panel 10 is flat except for the portions
where the through holes 60 are formed. Thus, even when the
first wall 10aq is arranged to face the external space such as
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the air passage of the jet engine, the disturbance of air
current will be limited. This limits decreases in the fuel
efficiency of the aircraft.

[0091] (11) The through holes 60, which are connected to
the first cells S1 of the core layer 20, extend through the
double-layered first outer wall 21 and the first sheet layer 30.
Further, the through holes 60, which are connected to the
second cells S2 of the core layer, extend through the
single-layered first outer wall 21 and the first sheet layer 30.
In this way, the through holes 60 are alternately formed in
the single-layered portion of the first outer wall 21 and the
double-layered portion of the first outer wall 21. Thus,
decrease in the strength of the sound-absorbing panel 10
resulting from the formation of the through holes 60 is less
than when the first outer wall 21 has a single-layered
structure.

[0092] (12) Near the central portion of each cell S includ-
ing the through hole 60, a non-bonded portion may be
located between the first outer wall 21 and the first sheet
layer 30 of the core layer 20. In this case, a small layer of
air may be formed between the first outer wall 21 and the
first sheet layer 30 at the non-bonded portion. This improves
the sound absorption performance of the sound-absorbing
panel 10.

[0093] (13) The heating temperature for heat-welding the
first sheet layer 30 and the second sheet layer 40 to the core
layer 20 is set to a temperature that is higher than the melting
point of the adhesive layer 305 of the sheet layer 30 and the
adhesive layer of the sheet layer 40 by several degrees to less
than twenty degrees. Further, the heating time of heat-
welding the sheet layers 30 and 40 to the core layer 20 is set
to several seconds to less than twenty seconds. Thus, the
core layer 20 and the skin layers 30a and 40a will not reach
a high temperature that causes softening and melting. This
allows for softening and melting of only the adhesive layers
305 and 405 during heat-welding and does not require strict
control of the heating temperature.

[0094] (14) The adhesive layer 305, which bonds the core
layer 20 and the skin layer 30a, and the adhesive layer 405,
which bonds the core layer 20 and the skin layer 40a of the
core layer 20, are formed by a modified polyolefin-based
adhesive that is a modified resin in which a functional group
is added to polypropylene to obtain an adhesive property.
Examples of the modified polyolefin-based adhesive include
modified polyethylene and modified polypropylene. This
improves delamination strength of the skin layers 30a and
40a from the core layer 20.

[0095] (15) The second skin layer 40a that is thinner than
the first skin layer 30a reduces the weight of the sound-
absorbing panel 10. In this case, the first skin layer 30a,
which is thicker relative to the second skin layer 40a, has a
higher contraction rate than the second skin layer 40a. Thus,
the sound-absorbing panel 10 is readily curved in a manner
that a contraction amount of the front surface becomes
greater than a contraction amount of the rear surface. There-
fore, the hollow structure can readily be bent during the
bending process of the hollow structure by increasing the
thickness of the skin layer at the side that needs to be
contracted and decreasing the thickness of the skin layer at
the side that needs to be extended.

[0096] (16) The cells S of the core layer 20 are closed by
the single-layered first outer wall, the single-layered first
outer wall, the double-layered first outer wall, or the double-
layered second outer wall. Thus, a large bonded area is
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obtained between the core layer 20 and the first sheet layer
30, and the second sheet layer 40 has superior delamination
strength. This limits the scattering of damaged portions even
when a bird or mass of ice enters the jet engine and damages
the sound-absorbing panel 10.

[0097] (17) The core layer 20 is a continuous honeycomb
structure. This improves the impact strength of the entire
sound-absorbing panel 10.

[0098] The above embodiment may be modified as fol-
lows. Further, components of the above embodiment and the
following modifications can be combined as long as there is
no technical contradiction.

[0099] The core layer 20 may be formed by folding a
plurality of sheets instead of folding a single sheet member
100. For example, the core layer may be formed by bending
strip-shaped sheets at predetermined intervals and arranging
the bent sheets next to one another.

[0100] The core layer 20 does not have to be formed by
folding or bending a sheet. For example, a honeycomb
structure including only the partition walls 23 may be
formed through injection molding.

[0101] In the above embodiment, the core layer 20
includes the cells S, which have the form of hexagonal posts.
However, the form of the cells is not particularly limited.
The cells S may have, for example, a polygonal form, such
as a rectangular post or an octagonal post, or a cylindrical
form. In this case, the cells of different forms may be mixed.
The cells do not have to be adjacent to each other and a gap
(space) may extend between two cells.

[0102] The sound-absorbing panel 10 may be formed by,
for example, preparing a core layer including cells formed
by hollow posts bulging from a body of a sheet toward one
side and bonding the sheet layers 30 and 40 respectively
with a bulged surface of the core layer and a portion of the
core layer located at a side opposite to the bulged surface.
Alternatively, a double-layered core layer may be formed by
preparing two sheet bodies including a plurality of hollow
cells and bonding the bulged surfaces of the cells with each
other. The hollow post portion bulged from the sheet may
have the shape of a cylinder, of which the diameter is
constant in a bulging direction, or a truncated cone, of which
the diameter decreases toward the bulged surface.

[0103] The adhesive layer 3056 of the sheet layer 30 and the
adhesive layer 405 of the sheet layer 40 do not have to be
formed from a polyamide resin elastomer. For example, as
long as the material used has a melting point lower than that
of'the polyamide resin forming the core layer 20 and the skin
layers 30a and 40qa, the adhesive layers 305 and 405 can
solely be softened and melt without softening and melting
the core layer 20 and the skin layers 30a and 40a during
heat-welding.

[0104] When arranging the sound-absorbing panel 10, the
first skin layer 30a, which is exposed to the external space,
may be formed from a material obtained by mixing an
elastomer in a polyamide resin, and the core layer 20 and the
second skin layer 40a may be formed from a polyamide
resin that is free from elastomer. This maintains the strength
of'the sound-absorbing panel 10 in a preferred manner while
improving impact resistance of the front surface of the
sound-absorbing panel 10.

[0105] Inthe above embodiment, the skin layer 30a of the
sheet layer 30 and skin layer 40a of the sheet layer 40 are
single-layered, but the layers may be a laminated body
having two or more layers.
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[0106] Forexample, as shown in FIG. 6, the first skin layer
30a may be a laminated body including an inner layer 31, an
outer layer 33, and an intermediate layer 32 sandwiched
between the inner layer 31 and an outer layer 33. In this case,
the layers 31, 32, and 33 may each be formed from a
polyamide resin having a different hardness. For example,
the intermediate layer 32 is formed from a polyamide resin
having a relatively high hardness, and the layers 31 and 33
sandwiching the intermediate layer 32 is formed from a
polyamide resin having a relatively low hardness. This
allows for adjustment of impact resistance in a preferred
manner. Specifically, the relatively soft layers 31 and 33
absorb impacts, and the relatively hard intermediate layer 32
obtains rigidity to receive impacts as a plane.

[0107] When an impact is applied to the core layer of the
honeycomb structure, for example, with the core layer
including a plurality of cells shaped as truncated cones or as
cylinders that are arranged next to one another, damages
may be inflicted particularly to bonded portions between the
partition walls and the first outer wall of the core layer. The
damage tends to easily spread from such a portion to the
entire core layer. In this respect, the intermediate layer 32
counters the impact as a plane, and the entire inner layer 31
located at the inner side propagates the impact to the core
layer while absorbing the impact. This limits spreading of
the damage.

[0108] The hardness of the three-layered first skin layer
30a can be adjusted by, for example, changing the material
from nylon 12, which is a polyamide resin, to nylon 12
elastomer resin, in which elastomer is mixed when neces-
sary.

[0109] The first skin layer 30a and the second skin layer
400 may have different layer structures. For example, one of
the skin layers 30a and 40a may have a structure with two
or more layers and the other one may have a single-layered
structure.

[0110] In a case where the skin layer is a laminated body,
the thickness of each layer in the laminated body may be the
same or different. For example, when the first skin layer 30a
has a triple-layered structure, the layers 31 and 33 may have
the same thickness and the intermediate layer 32 may be
thinner than the layers 31 and 33. Alternatively, the inter-
mediate layer 32 may be approximately twice as thick as the
layers 31 and 33.

[0111] The outer surface of the first skin layer 30a may
include a layer of a resin other than a polyamide resin, for
example, an acrylic layer. This improves scratch resistance
and impact resistance. Such a layer structure may differ
between the first sheet layer 30 and the second sheet layer
40.

[0112] The first skin layer 30a may have the same thick-
ness as the second skin layer 40qa. Alternatively, the first skin
layer 30a may be thinner than the second skin layer 40a.
[0113] The openings 50 in the core layer 20 may extend
through the second sheet layer 40. Such an opening 50 can
be formed by inserting an opening jig, for example, a drill,
a needle, a punch, or a heating rod along the second sheet
layer 40 or inserting the distal end of the opening jig into the
second sheet layer 40 after bonding the first sheet layer 30
and the second sheet layer 40 to the core layer 20.

[0114] The openings 50 extending through the partition
walls 23 of the core layer 20 do not have to be cut out from
the side at which the second sheet layer 40 is located. For
example, as shown in FIG. 7, the opening 50 may be a
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circular hole extending through the central portion of the
partition wall 23. Further, the opening 50 may be formed in
the two adjacent partition walls 23. FIG. 7 only shows the
partition walls 23 of the core layer 20 to facilitate under-
standing of locations and shape of the openings 50.

[0115] The openings 50 may be formed in any one of the
six partition walls 23 forming a single cell S in addition to
the two opposing partition walls 23. For example, the
opening 50 may be arranged in each of the partition walls 23
forming a single cell S.

[0116] The openings 50 do not have to be formed in each
cell S and may be formed in only some of the cells S.
[0117] The openings 50 are formed in two opposing ones
of' the partition walls 23 of the cell S by performing piercing
along the second outer wall 22 of the core layer 20 or by
piercing the partition walls 23 orthogonally with an opening
jig, for example, a drill, a needle, a punch, or a heating rod.
More specifically, multiple opening jigs are arranged at
intervals substantially corresponding to the interval between
the centers of two adjacent cells S and simultaneously
inserted into multiple partition walls 23 to form through
holes in two opposing ones of partition walls 23 of each cell
S. However, the openings 50 may be formed at intervals
narrower than the intervals of the cells S by decreasing the
intervals of the opening jigs from that of the cells S. In this
case, the openings 50 are not necessarily formed in two
opposing ones of the partition walls 23. However, even
when the insertion positions of the opening jigs are shifted,
at least one opening 50 will be formed in each cell S.
[0118] The cells S may be displaced from their appropriate
positions when folding the core layer 20. This may result in
an error in the pitch of the cells S when forming the
sound-absorbing panel 10. In this case, when the interval
between the opening jigs are narrower than the pitch of the
cells S, at least one opening 50 can still be formed in each
cell S even if there is an error in the pitch of the cells S.
[0119] The interval of the opening jigs may be wider than
the pitch of the cells S.

[0120] In the above embodiment, a single through hole 60
is formed in a substantially central portion of the first end of
each cell S. However, the number and location of the
through hole 60 are not limited in such a manner. For
example, a plurality of through holes 60 may be formed in
each cell S. In this case, for example, the interval at which
the piercing jigs are arranged is decreased from the interval
between the centers of two adjacent cells S in the step of
forming the through holes 60. This allows for formation of
at least one through hole 60 in each cell S. Further, the
through hole 60 does not have to be formed in each cell S
and may be formed only in some of the cells S.

[0121] The shape of through hole 60 is not particularly
limited. For example, the through hole 60 may have a
circular or rectangular cross section or a cross section of an
unspecified shape. Further, a bent piece may be formed at the
periphery of the through hole 60 by bending the first wall
10a. For example, when a sharp piercing jig is used to form
the through hole 60, the distal end of the piercing jig forms
a hole in the first wall 10a when the piercing jig pierces the
first wall 10a of the hollow structure. As the piercing jig
further moves into the cell S, the piercing jig presses the
periphery of the first wall 10a around the hole into the cell
S. In this way, the first wall 104 is bent into the cell S to form
the bent piece at the portion where the through hole 60 is
formed. In this case, at the portion where the through hole
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60 is formed, the boundary of the first wall 10a and the bent
piece is curved, and the distal end of the bent piece is located
in the internal space of the cell S.

[0122] In the above embodiment, the hollow structure is
bent into a curved panel with heated panels but does not
have to be bent with heated panels. For example, the hollow
structure and bending jigs may be heated in a heated furnace,
and then the heated hollow structure may be sandwiched
between the jigs and bent. Instead of heating and bending the
hollow structure, part of one of the sheet layers 30 and 40 of
the hollow structure or part of one of the sheet layers 30 and
40 and the core layer 20 may be machined or cut for
removal, and then the hollow structure may be bonded with
a new sheet layer to form a curved panel. A desired curved
surface can be formed in accordance with the shape obtained
through machining or cutting.

[0123] In the above embodiment, the hollow structure is
bent into a curved panel having a constant thickness. How-
ever, a process for changing the thickness of the hollow
structure may be performed. For example, a process for
decreasing the thickness of part of the hollow structure or a
process for forming ridges and valleys in the surfaces of the
hollow structure may be performed simultaneously with,
prior to, or subsequent to the bending process. In this case,
for example, it is preferred that a heated panel having ridges
and valleys in its surface be used.

[0124] Depending on the shape of the portions where the
sound-absorbing panel 10 is attached, the sound-absorbing
panel 10 does not have to be bent. In this case, the through
holes 60 is formed in the hollow structure without perform-
ing the process for bending the hollow structure.

1. A sound-absorbing panel attached to and used with a jet
engine of an aircraft, the sound-absorbing panel comprising:

a core layer formed from a resin and including a first

surface, a second surface at a side opposite to the first
surface, and a plurality of partition walls extending
between the first surface and the second surface and
partitioning a plurality of cells;

a first skin layer formed from a resin and laminated on the

first surface of the core layer; and

a second skin layer formed from a resin and laminated on

the second surface of the core layer, wherein
the first skin layer is exposed to an external space when
in use and includes a plurality of through holes con-
necting an internal space of the cells and the external
space to which the first skin layer is exposed, and

the core layer includes a plurality of openings connecting
the internal space of the cells and the external space of
the core layer.

2. The sound-absorbing panel according to claim 1,
wherein the resin is a polyamide resin.

3. The sound-absorbing panel according to claim 2,
wherein the polyamide resin is a nylon having a water
absorption rate of 1.0% or less.

4. The sound-absorbing panel according to claim 2,
wherein the polyamide resin is nylon 6.

5. A sound-absorbing panel attached to and used with a jet
engine of an aircraft, the sound-absorbing panel comprising:
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a core layer formed from a resin and including a first
surface, a second surface at a side opposite to the first
surface, and a plurality of partition walls extending
between the first surface and the second surface and
partitioning a plurality of cells;

a first skin layer formed from a resin and laminated on the
first surface of the core layer; and

a second skin layer formed from a resin and laminated on
the second surface of the core layer, wherein

the first skin layer is a laminated body including an outer
layer exposed to an external space when in use, an inner
layer, and an intermediate layer sandwiched between
the outer layer and the inner layer,

a resin forming the intermediate layer has a higher hard-
ness than a resin forming the outer layer and the inner
layer, and

the first skin layer includes a plurality of through holes
connecting an internal space of the cells and the exter-
nal space to which the outer layer is exposed.

6. The sound-absorbing panel according to claim 1,
wherein the core layer is adhered to the first skin layer and
the second skin layer by a modified resin.

7. The sound-absorbing panel according to claim 1,
wherein the second skin layer has a thickness that is less than
that of the first skin layer.

8. The sound-absorbing panel according to claim 1,
wherein

the core layer includes an outer wall forming the first
surface and adhered to the first skin layer, and

the through holes extend through the first skin layer and
the outer wall.

9. The sound-absorbing panel according to claim 1,

wherein the core layer is a honeycomb structure.

10. A method for manufacturing a sound-absorbing panel
attached to and used with a jet engine of an aircraft, the
method comprising:

forming a resin core layer including a first surface, a
second surface at a side opposite to the first surface, and
a plurality of partition walls extending between the first
surface and the second surface and partitioning a plu-
rality of cells;

forming a plurality of openings in the core layer to
connect an internal space of the cells and an external
space of the core layer;

bonding a first skin layer formed from a resin to the first
surface of the core layer;

bonding a second skin layer formed from a resin to the
second surface of the core layer; and

forming a plurality of through holes in the first skin layer
to connect the internal space of the cells and the
external space to which the first skin surface is exposed.

11. The method according to claim 10, wherein the first
skin layer, the core layer, and the second skin layer that are
bonded together form a hollow structure, and the method
further comprises bending the hollow structure.
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