DESCRI PTI ON TI TLE OF THE | NVENTI ON SOUND ABSORBI NG STRUCTURE 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to a sound absorbi ng
structure using a porous plate. 10 BACKGROUND ART [0002] A sound absor bi ng
structure has conventionally been known that absorbs sounds by use of the
principle of the Helnmholtz resonator by disposing, through an air layer, a
15 porous plate where a nultiplicity of through holes are forned and a rigid
wal | where no holes are fornmed. In such a sound absorbing structure, when a
sound in the vicinity of a specific frequency (resonance frequency)
corresponding to the di ameter of PEHeRIATEMYh hol es, the volune of the air

| ayer or the like
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SOUND ABSORBING STRUCTURE

5 TECHNICAL FIELD
[0001]
The present invention relates to a sound absorbing

structure using a porous plate.

10 BACKGROUND ART
[0002]

A sound absorbing structure has conventionally been
known that absorbs sounds by use of the principle of the
Helmholtz resonator by disposing, through an air layer, a

15 porous plate where a multiplicity of through holes are formed
and a rigid wall where no holes are formed. In such a sound
absorbing structure, when a sound in the vicinity of a specific
frequency (resonance frequency) corresponding to the diameter
of the through holes, the volume of the air layer or the like

20 enters the air layer from the through holes, resonance occurs,
friction is caused between the inner walls of the through holes
and alr by the vibrations of the air in the through holes, and
part of the vibration energy is converted into heat energy,
thereby causing a sound absorbing action. When the volume of

25 the air layer 1s 1increased, the resonance frequency 1is



20 enters the air layer fromthe through holes, resonance occurs, friction
is caused between the inner walls of the through holes and air by the
vibrations of the air in the through holes, and part of the vibration energy
is converted into heat energy, thereby causing a sound absorbing action.
When the volune of 25 the air layer is increased, the resonance frequency is
decreased. [0003] As such a sound absorbing structure using the

Hel mhol tz resonance principle, a structure is present in which partitions 5
in a direction orthogonal to a porous plate are di sposed between the porous
pl ate an8°&*FPG G wall and this partitions divide the space between the
porous plate and the rigid wall into a plurality of air layers aligned in
the diredfP8alof the surface of the porous plate (see, for exanple, Patent
Reference 1). 10 Wen the width (the length in the direction of the surface
of the porous pbatw)h ef sbhadailbsdayerg i dupigiret heiegar ke déskbshakier e a
resonance phenonenon of sounds traveling in the direction of the

above- neptsonadceiph ih Qigol Saist e waier 1 $ ayeseandih hhs chi gt f 1 ceotd y
degrades sound absorption performance. 15 For this reason, in the sound

absorpi ngnst fust bt offo RARYn et 818080 ds phla tSUPRY 83Spsdel siegiadat i on of
sound absorption performance due to the resonance phenonenon in the air

| ayer, p Ny vided ta.r i 4 a,.sound
|Yer, RERLILhO0S SR AL o et bhe AL o LOROK 200 s

n
exanple,tﬁgeégagg. é%%%é%“éé%“%éﬁéus plate and the rigid wall into a

plurality of air layers aligned in the direction of the surface
of the porous plate (see, for example, Patent Reference 1).

10 When the width (the length in the direction of the surface of
the porous plate) of the air layer is long, there are cases
where a resonance phenomenon of sounds traveling in the
direction of the above-mentioned width occurs in the air layer
and this significantly degrades sound absorption performance.

15 For this reason, in the sound absorbing structure of Patent
Reference 1, to suppress such degradation of sound absorption
performance due to the resonance phenomenon in the air layer,
partitions are provided to reduce the width.

[0004]

20 As a sound absorbing structure using the principle of
the Helmholtz resonator, for example, there has conventionally
been a sound absorbing structure 901 as shown in FIG. 18. The
sound absorbing structure 901 is provided with a housing 902
having, on one surface thereof, a surface plate 902a formed

25 of a porous plate, and in the housing 902, a plurality of porous



been a sound absorbing structure 901 as shown in FIG 18. The sound
absorbing structure 901 is provided with a housing 902 having, on one
surface thereof, a surface plate 902a forned 25 of a porous plate, and in

t he housing 902, a plurality of porous plates 90 and 91 parallel to the
surface plate 902a and a plurality of resin partitioning walls 92 to 94
extending in a direction orthogonal to the surface plate 902a are provided.
The partitioning walls 92 are disposed in the space between 5 the surface
pl ate 902a and the porous plate 90, and divides this space into a plurality
of spaceBl85e8l Pnédd Pl HealRtert ioh bret Aerfergt R1altiekeYfe 3 t#ti oni ng
walls 92, the partitioning walls 93 and 94 are di sposed between the porous
pl at e 90pandathéypofoussphaper9itandibet weehsthe pordlsepteneding o1 and a
back plate 902b, respectively, and divide the spaces therebetween into a
plurality dfrepaces o6 handn@l adbitdredurfiatbe thtedl2enaet phevi@ndgt h,
respectively. CITATION LI ST 15 PATENT REFERENCE [ 0005] Patent Reference 1:

JP- A-2006hd 133281 SUMVRRY k1 TEES Y NVENTE (b @28e PROBLEAS Jhide T J AMENTI ON | S
TO SOLVE [0006] In the above-described sound absorbing structure of
5 the surface plate 902a and the porous plate 90, and divides
this space into a plurality of spaces 95 aligned in the
direction of the length. Like the partitioning walls 92, the
partitioning walls 93 and 94 are disposed between the porous
plate 90 and the porous plate 91 and between the porous plate
10 91 and a back plate 902b, respectively, and divide the spaces

therebetween into a plurality of spaces 96 and 97 aligned in

the direction of the length, respectively.

CITATION LIST
15 PATENT REFERENCE
[0005]

Patent Reference 1: JP-A-2006-113323

SUMMARY OF THE INVENTION
20 PROBLEMS THAT THE INVENTION IS TO SOLVE
[0006]
In the above-described sound absorbing structure of
Patent Reference 1, although the degradation of sound
absorption performance due to the resonance phenomenon in the

25 alr layer can be surely suppressed, since there is only one



Patent Reference 1, although the degradation of sound absorption performance
due to the resonance phenonenon in the 25 air |ayer can be surely
suppressed, since there is only one air |ayer that conmunicates with the

t hrough hol es of the porous plate, only sounds in the vicinity of one
resonance frequency corresponding to this air layer can be absorbed and the
sound absorption band is extrenely narrow. 5[0007] In the case of the
sound absorbing structure 901 as shown in FIGS. 18A and 185, the three air

| ayers 95 .gned. | J i >t t pl ate
902a con%ﬁ%?%%%%pkhggdgﬁh?ﬁ%nggg%%ggghggggEggggﬁgqgffgkég%¥§¥%é€%§?eason,
this sounq %bsorbing str$ctur§ 901. abso bsziounds in the vicinity of the

r esonanc& 1ArEquaiicy e¥° U5TT edhoRGi gt tRe VN TnEES8PPRE BFFATaYeYs 95 to
97, and is al so capabl e of absorbing, for exanple, sounds in the vicinity of
t he resofSKEESPPEGEEACOCHR ¥ esiondiai§t 62RHee RSP SS 3aTspageSNHEh is t he
15 aggregate of the two air layers 95 and 96 and sounds in the vicinity of

t he resonbroerticgubnoy dor eedpendilyg neg riolwe vol ume of a space which is the
aggregate of the three air layers 95 to 97. Consequently, the | owest
frequency 0607the sound absorption frequency band of this sound absorbing
structure 20 901 is the resonance frequency corresponding to the vol une of
the space whi chnithd kasaggf egat €o@hd alds drite Mk eeuadt hreay®r §s9Shdwn 97.

[ 0008] However, the space which is the aggregate of all the

three 25;gi F1kayei§a98nt0198, | 8 SRAGE divifdedepy thecpast itigiag walls 4
92 to 94 with respect to the direction of the surface of the surface plate

902a, and, Lo, YOI iS GOMRALALIKELY SPB! L FOL Lhis I egsap. tdiey) esonance

frequency ‘corresponding to t val'une of this spacé i's a conparatively high

L SUonO B RISPAURIL o Wb LN Sanvent onaly soundposorl g s ucture
obt 2| ed, 90l n. £ SOIBar Vel X narrQw freauengy band L the, bia, reqvency
ar ea.
the vicinity of the resonance frequencies corresponding to the
volumes of the air layers 95 to 97, and is also capable of
absorbing, for example, sounds in the vicinity of the resonance
frequency corresponding to the volume of a space which is the
15 aggregate of the two air layers 95 and 96 and sounds in the
vicinity of the resonance frequency corresponding to the volume
of a space which is the aggregate of the three air layers 95
to 97. Consequently, the 1lowest frequency of the sound
absorption frequency band of this sound absorbing structure
20 901 is the resonance frequency corresponding to the volume of
the space which is the aggregate of all the three air layers
95 to 97.
[0008]

However, the space which is the aggregate of all the three

25 air layers 95 to 97 is a space divided by the partitioning walls



[ 0009] 10Accordingly, an object of the present invention is to provide a
sound absorbing structure with high sound absorption efficiency capabl e of

wi deni ng the sound absorption frequency band. 15 MEANS TO SOLVE THE PROBLEM
[ 0010] According to a first aspect of the invention, there is provided a
sound absorbing structure including: a housing having a surface plate forned
of a porous plate on one surface; 20 a first porous plate disposed so as to
face the surface plate inside the housing, and dividing an internal space of

t he housi ng ing a plurality of spaces aligned in direction orthogonal to
the surf2detpl &f &%t Hhdf STRIoric poFots “oFALe dPEpbEEd AL acHi Poct Pon
intersecting the surface plate inside 25 the housing, and dividing the
i nt er nal S¥padecdt atefdasidy 1At lans L SoMPR reft isisdcesmaligneoin a
direction of a surface of the surface plate.
this reason, the resonance frequency corresponding to the
volume of this space 1is a comparatively high frequency.
5 Consequently, with the conventional sound absorbing structure
901 as shown in FIGS. 18A and 18B, high sound absorption
performance can be obtained only in a comparatively narrow
frequency band in the high frequency area.
[0009]
10 Accordingly, an object of the present invention is to
provide a sound absorbing structure with high sound absorption

efficiency capable of widening the sound absorption frequency

band.

15 MEANS TO SOLVE THE PROBLEM
[0010]

According to a first aspect of the invention, there is
provided a sound absorbing structure including: a housing
having a surface plate formed of a porous plate on one surface;

20 a first porous plate disposed so as to face the surface plate
inside the housing, and dividing an internal space of the
housing into a plurality of spaces aligned in a direction
orthogonal to the surface plate; and a second porous plate
disposed in a direction intersecting the surface plate inside

25 the housing, and dividing the internal space of the housing



[ 0011] According to a second aspect of the invention, there is 5 provided a
sound absorbing structure including: a housing having a surface plate forned
of a porous plate on one surface; and a plurality of porous plate units

di sposed so as to be aligned in a direction of a surface of the surface

pl ate inside the housing, and each forned of a porous plate, wherein the 10
porous plate units include: a flat portion disposed so as to face the
surface plate, and dividing an internal space of the housing into a

pluralit f spaces .aligned in a direction orthogonal to the surface plate;
Bnd a si 4BCBGH B4 FOAERS THANSSDATI Britt T HoRT G Are YHRAS sur f ace
of the housing, 15 extending in a direction intersecting the surface plate,
and di vi 8fngheheurieeenalasface of the housing into a plurality of spaces
aligned in the direction of the surface of the surface plate. [0012]
20Accor dilAglid a third aspect of the invention, the sound absorbing
structure according to the second aspect, wherein the side portions of the
adj oi ni ng two potousiphate ausktsndresgéspasedhwi t Avangapni, nthetseen. [0013]
25According to a fourth aspect of the invention, the sound absorbing

strucy urgr86£Qedi BY AN SECONh P s £ hhiEduASPERE uWheEei i Ly $ide portion

of the porous plate unit, adjoining the inner surface of the housing, of the
R T e R LT L Y VT o
vent of ot g 20U A0SDLAB AL WeLCe Bcar LB I LI 1 o, four T
side Oppgfilér?eéoir;[ gedill‘eaét (% toifogll'surface of the surface plate inside
the housing, and each formed of a porous plate, wherein the
10 porous plate units include: a flat portion disposed so as to
face the surface plate, and dividing an internal space of the
housing into a plurality of spaces aligned in a direction
orthogonal to the surface plate; and a side portion coupled
to the flat portion, placed on an inner surface of the housing,
15 extending in a direction intersecting the surface plate, and
dividing the internal space of the housing into a plurality
of spaces aligned in the direction of the surface of the surface
plate.
[0012]
20 According to a third aspect of the invention, the sound
absorbing structure according to the second aspect, wherein
the side portions of the adjoining two porous plate units are
disposed with a gap in between.

[0013]

25 According to a fourth aspect of the invention, the sound



[ 0015] According to a sixth aspect of the invention, the sound
absorbing structure according to any one of the second to fifth aspects,
wherein the flat portion and the side portion are 15 integrally formed by
bendi ng one porous plate. [0016] According to a seventh aspect of the
i nvention, the sound absorbing structure according to any one of the second
to fifth aspects, wherein an end portion of the flat portion is fixed 20 to
the side portion. [0017] According to an eighth aspect of the invention, the
ac ect erein the side

sound absgrbiggﬁstructure cordingnto t he second as \
portion PSSPGPABA SFT4ChBFGUICHPEL eI drfl 58508 PppFRGTPot TPBNT ni ppi ng
the end portion of the flat portion while pressing the end portion from
bot h sur "Ae&esndese pogagyortion ofadber BPRGUSOPA2AENERL AspadiCoRinge
i nvention, the sound absorbing structure according to any one of the second
t o ei ght hh& aspect syrhhee ed h:thechéosisdegportti bhei gsldigposgdosopasot® surround
the flat portion when viewed fromthe direction orthogonal to the surface
plate; apdatbeufilat pordiomosesd coupl edgbp themstHe pontrosuonaas entire
perimeter thereof. [0019]

5 the housing.

[0014]

According to a fifth aspect of the invention, the sound
absorbing structure according to the third or fourth aspect,
wherein the side portion has a protrusion protruding toward

10 a side opposite to the flat portion.
[0015]

According to a sixth aspect of the invention, the sound
absorbing structure according to any one of the second to fifth
aspects, wherein the flat portion and the side portion are

15 integrally formed by bending one porous plate.
[001l6]

According to a seventh aspect of the invention, the sound
absorbing structure according to any one of the second to fifth
aspects, wherein an end portion of the flat portion is fixed

20 to the side portion.
[0017]

According to an eighth aspect of the invention, the sound

absorbing structure according to the second aspect, wherein

the side portion is formed of a porous plate, and has

25 a nipping portion nipping the end portion of the flat portion



10According to a tenth aspect of the invention, the sound absorbing
structure according to the ninth aspect, wherein: the porous plate units
have a plurality of boxes forned of a bottomwall serving as the flat
portion and four side walls serving as the side portion; and | engths of the
plurality of 15 boxes in the direction orthogonal to the surface plate are
different fromeach other, sizes of openings surrounded by the four side
wal I's of the plurality of boxes are substantially t he sane, and the

pluralitxthf boxes _are §§ted mnth S|de &peﬁppen|§ ) be i n contact

with a su l&@épﬁ&?%h?%r1 sﬁ??%ée CTS OF THE
| NVENTI ON %0020] Accordlng to the above- descrlbed first aspect,
in the 250%048er nal space of the housing, the plurality of spaces into 8

which the internal space is divided by the first porous plate and the second
porous pl ate aRecPsfppd. tThesd plhupaPeey of Wpadeyeadmami acesPundugh t he
holes forned in the first porous plate and the second porous plate. For this
reason, tbeosouind Stabsoube agestrdicgure@angtorenby tdensabsodltseugdshi n t he
vicinity of the resonance frequencies corresponding to the spaces into which
the imt earpkcspacend se th Victedk hje pbetfibhsts poEpUsSchlst s andstiheosegond
porous plate and sounds in the vicinity of the resonance frequency

corr esporging) 10 & SPAGE WMrLh i kdchnerdf @9@6@%&6@% weheb%elll ty of
spaces aligned in the direction orthogonal to the surface plate, but also

can absorgg W%B@‘}%c b i Gl ty, O %l%Egporﬁe&%}fﬁgec&{pel%%e%%hc%_‘L&‘épond' ng

to a spa 'chs £hé adgregate 0 spaces al rgned in the
direction of .the surface aof the surface Iate 15 Therefore, in the sound

absorblnBO§FF88t8Peantﬁ8t§5§n@e56§§FﬁFl e E&duency band can be wi dened

toward the Iom1frequency area side conpared with the case where a plate
menber whE8Pé o t hrough holes are forned is used instead of the second
porous plate. Mreover, since the sound absorbing structure 20 not only
absotbs soundsAﬁyoaémg the heNed poPAEH 9h e 1oyenadenpl ahe apdandhe first
porous plate but al so absorbs sounds by using the holes formed in the second
por ous pkaterbsogndtabsonpei encetfliopencythapnoves.affocl] @2&Aceondi ng to
t he above-descri bed second aspect, in the

the porous plate units have a plurality of boxes formed of a

bottom wall serving as the flat portion and four side walls

serving as the side portion; and lengths of the plurality of

15 Dboxes in the direction orthogonal to the surface plate are

different from each other, sizes of openings surrounded by the

four side walls of the plurality of boxes are substantially

the same, and the plurality of boxes are nested with sides of

the openings being in contact with a surface facing the surface

20 plate of the housing.

EFFECTS OF THE INVENTION
[0020]
According to the above-described first aspect, in the

25 internal space of the housing, the plurality of spaces into



internal space of the housing, the plurality of spaces into which the
internal space is divided by the flat portion and the side portion of the
plurality of porous plate units are fornmed. These plurality of spaces
comuni cate through the 5 holes formed in the flat portion and the side
portion. For this reason, the sound absorbing structure not only can absorb
sounds in the vicinity of the resonance frequencies corresponding to the
spaces into which the internal space is divided by the flat portion and the
side portion and sounds 10 in the vicinity of the_resonance freguency
correspoﬁh?ﬁa ?%eéuéeﬁggi R S %Stﬂévh%§¥§§%§%mbﬁlfﬁ BPEPBFi?@aB? spaces
aligned in the direction orthogonal to the surface plate, but also can
absorb sebfdsNEnSERENd BPAPES BlatReaFesbABRES - f r oMyl '¢or F £5PoRfli ng to a
space which is the aggregate of 15 the plurality of spaces aligned in the
di r ect i oapafesmurtiaoet ©thrhegburfaabe lpbdtarmerhendflor é 1 ristt pdecssound
absorbi ng structure, the sound absorption frequency band can be w dened
toward tpeatevarid equeneyoadesosioke pdanpar edow it § heacase whersoangl at e
menber where no through holes are fornmed is used as 20 the side portion.

Nbfe%/erab§59§§n?h§t§w¢lﬂr@lﬁ%@@hﬂg &I HBEHES $Win@aliy ahsofhsi sorpds by
using the holes forned in the surface plate and the flat portion but also

absorbs spuils o disim@ theqhohesbordpibldothienside cher thomessatind

absorption eftficiency I nproves. Furt since t met hod

pluralit f. porous .pl at ni.ts formed. of poraqus | ates are_placed inside
t he hous‘lxlﬁgcpst e%sliltgeorrppazlr égav?/iet ﬁgt%lemcgz;%% v}hg?{ee Egrr%%sg%f%‘?%sp ant%

di rection facing the(gurface Eaate aqg or o s,plahes in.the direction

i nt er secEPAG-IHE SEHTRELE THISt BLEFE ‘Pyﬂ%Pébé SoN*EhBLEHneF face of

t he housing, 5 the sound absorbing structure can be easily manufactured.

Mor eover FepynNaRafgit 5§ WRE Cifu AP SFPOPEHETs 1 at eSBAFEs WO CBy idhditf ng sone
of the plurality of porous plate units to porous plate units formed of

por olls phagesghanei vl thadpilficréat vhof smicartdigned he thkellindwt swpund
absorption characteristic of 10 the sound absorbing structure can be easily
adj ust edoaticogdnag to the suttnded Lstee prodthealskecal 022} rAccorrdisng to the
above-descri bed third aspect, when the side portions of the adjoining two
porous piAatehenvisiml ey 16f dilsposambridhdd S pomagticotdswacdiog hes, the

hol es of one side portion are liable to be closed by the other side portion,

a space which is the aggregate of the plurality of spaces
aligned in the direction of the surface of the surface plate.

15 Therefore, 1in the sound absorbing structure, the sound
absorption frequency band can be widened toward the low
frequency area side compared with the case where a plate member
where no through holes are formed is used instead of the second
porous plate. Moreover, since the sound absorbing structure

20 not only absorbs sounds by using the holes formed in the surface
plate and the first porous plate but also absorbs sounds by
using the holes formed in the second porous plate, sound
absorption efficiency improves.

[0021]

25 According to the above-described second aspect, in the

9



and to prevent the holes frombeing closed, it is necessary that the

positions of the holes of both side portions coincide with each other,
makes the manufacture difficult. On 20 the other hand, in the present
since the side portions of the adjoining two porous plate units
the plurality of spaces aligned in the

i nvention,
are disposed wth a gap in between,

whi ch

direction of the surface can be nade to comuni cate through the holes of the
side portions without the need for the 25 positions of the holes of both

side portions tqQ coincide with each other. i0023
above- ded&titEéd f spA® &p&EE, NPHEI1BGundNEbROF

| According to the
bRhgt¥t PlicERRrESEakMaBsor b

sounds in the vicinity 5 of the resonance frequencies corresponding to the
spaces swivielndée bBytehwaadi dpager tsoAsvadddt hg that fpatt ponsiocandndan al so
absorb sounds in the vicinity of the resonance frequency corresponding to a
space whit¢le isideheoagdoegattetat pherapacgsosupooandedl byet heissderporti ons

and the flat portions and a 10 space fornmed of the above-nentioned gap.

Consequertirhed.n tThessownd rahserbigy egiardécé W amit e $SQUNeh 2DS@R PEhen

frequency band can be w dened conpare

bet wegn 4G %

t he housi ng.

10

15

20

25

this reason, the sound absorbing structure not only can absorb
sounds in the wvicinity of the resonance frequencies
corresponding to the spaces into which the internal space is
divided by the flat portion and the side portion and sounds
in the vicinity of the resonance frequency corresponding to
a space which is the aggregate of the plurality of spaces
aligned in the direction orthogonal to the surface plate, but
also can absorb sounds in the vicinity of the resonance
frequency corresponding to a space which is the aggregate of
the plurality of spaces aligned in the direction of the surface
of the surface plate. Therefore, in the sound absorbing
structure, the sound absorption frequency band can be widened
toward the low frequency area side compared with the case where
a plate member where no through holes are formed is used as
the side portion. Moreover, since the sound absorbing
structure not only absorbs sounds by using the holes formed
in the surface plate and the flat portion but also absorbs
sounds by using the holes formed in the side portion, sound
absorption efficiency improves. Further, since the method in

which the plurality of porous plate units formed of porous

10

with the case where no gap is forned

| 488t kon c9 £ PgEOUICH! 3ha VAL s38d LRechaner pypface of



According to the above-described fifth aspect, since the protrusion is

provi ded, the side portions of the adjoining two porous plate units, or the
i nner surface of the housing and the side portion are never in close contact
wi th each other, 20 so that a gap is always forned therebetween. [0025]
Accor di ngt ot heabove-descri bedsi xt haspect, since the flat portion does not
readily vibrate in the direction orthogonal to the surface thereof, the
degradati on of sound 25 absorption performance due to vibrations can be
suppr essed. %0026]9(1 . Ac ording to ,t he above-descri bed sevent h aspect,
since thBIRfFEF T FilGireoe8ShOE TadPiy 1idbt 8t%8 9% COREadiS et F B 67 t hogonal
to the surface thereof, the degradation of sound 5 absorption performnce

due to vFBRatWhsie eanohe N@dmsessediifooRign facing e srdifagetplatre
above-descri bed eighth aspect, since the end portion of the flat portion can
be fixedahd pbeossdel poesi om wha hiiute @morparttend ect Use Wfe nenberce ot her
than porous 10 plates, the manufacturing cost of the porous plate unit can
be reducgdatb)28Hirectly preeedidigrhe iMheeabauerdaeserri bed Hiudihaspect, the

strength of the porous plate unit increases. 15[ 0029]

5 the sound absorbing structure can be easily manufactured.
Moreover, by changing the number of porous plate units or by
changing some of the plurality of porous plate units to porous
plate units formed of porous plates having a different hole
diameter or the like, the sound absorption characteristic of

10 the sound absorbing structure can be easily adjusted according
to the intended use or the like.

[0022]
According to the above-described third aspect, when the
side portions of the adjoining two porous plate units are

15 disposed in close contact with each other, the holes of one
side portion are liable to be closed by the other side portion,
and to prevent the holes from being closed, it 1s necessary
that the positions of the holes of both side portions coincide
with each other, which makes the manufacture difficult. On

20 the other hand, in the present invention, since the side
portions of the adjoining two porous plate units are disposed
with a gap in between, the plurality of spaces aligned in the
direction of the surface can be made to communicate through

the holes of the side portions without the need for the

25 positions of the holes of both side portions to coincide with

11



According to the above-described tenth aspect, the porous plate unit can be
easi |y manufactured. Mreover, by changing the nunber of boxes constituting
the porous plate units or the length of the boxes in the depth direction,

the 20 sound absorption characteristic of the sound absorbing structure can

be easily adjusted according to the intended use or the |iKke. BRI EF
DESCRI PTI ON OF THE DRAW NGS 25[ 0030] FIG 1A is a |ongitudinal
cross-sectional view of a sound absorbing structure according to a first
enbodi ment. _of tCFle present invention. FIG IBis a cross-sectional
vi ew al oﬁ(j‘cghé? Ffhe A-A of 5FIG 1A FIG ICis a cross-sectional
view along the line B-B of FIG IA FIG 2 is a cross-sectional view
of a sourﬂgogﬁéorbi ng structure of another enbodi ment of the present

invention. 10 FIG 3 is a cross-sectional view of a sound absorbi ng
structure accokdipgdibgatoedditd anboel deperdfed héoprébemsoanientilon, and a
vi ew corresponding to FIG 1|B. FIG 4A is a cross-sectional view
of a soumduabsabbonpgistr sttuceuaecoadi algsdobasdimds Embode neitioft¢ he
present 15 invention. FIG 4B is a partially enlarged view of FIG 4A FIG

SA is5a pF0SIreSerds Onahcyi ewealieacseundahsydymi g r uet whe ofpadwd her
enbodi nent of the present invention. FIG 5B is an exanple of a

e SUE ORI S 0L M e AL AL sBbsiopg g 5 e o
also absorb sounds in the vicinity of the resonance frequency
corresponding to a space which is the aggregate of the spaces
surrounded by the side portions and the flat portions and a

10 space formed of the above-mentioned gap. Consequently, in the
sound absorbing structure, the sound absorption frequency band
can be widened compared with the case where no gap is formed
between the side portion of the porous plate unit and the inner
surface of the housing.

15 [0024]

According to the above-described fifth aspect, since the
protrusion is provided, the side portions of the adjoining two
porous plate units, or the inner surface of the housing and
the side portion are never in close contact with each other,

20 so that a gap is always formed therebetween.
[0025]

According to the above-described sixth aspect, since the
flat portion does not readily vibrate in the direction

orthogonal to the surface thereof, the degradation of sound

25 absorption performance due to vibrations can be suppressed.

12



FIG 6 is a cross-sectional view of a sound absorbing structure of another
enbodi nent of the present invention. 25FIG 7 is a perspective view of a
sound absorbing structure according to a fourth enbodi nent of the present

i nvention. FIG 8 is a perspective view of a sound absor bi ng
structure according to a fifth enbodi mrent of the present 5 invention.

FIG 9 is a perspective view of a sound absorbing structure of another

enbodi ment of the present invention. FIG 10 is a perspective view
of a soug%o%gﬁorbing structure of another enbodi nent of the present

i nvention. FIG 11 is a perspective view of a sound absorbing structure
according to a_sixth enbodi nent of the present invention. . FIG 12 is
a perspective GFEREBLNE SBUMPE APSOHINFG MR §PFaf NaRBPREF  eFbBEF ment  of
the present invention. 15 FIG 13 is a perspective view of a sound absorbi ng
st ruct ur éhgcddedi pgritd ca swesnteterisedi ifentvidfrate pr esentdiveenioon.

FIG 14 is a perspective view of a sound absorbing structure of another
enbodi meptrtabgbhe lpteseht snvéateonheP8oF} Gchdbdeéegraddongnt afli siahnd
cross-sectional view of a sound absorbing structure according to an eighth

enmbods meabsekpthenppeseBimbAveNtuento vibrationsFtén U6 s $opr&s688: sectional
vi ew of a sound absorbing structure of another enbodi nent of the present

inventiongp2Skl G 17R is a |longitudinal cross-sectional view showing a
sound absorbing structure of an exanple. FIG 17Bis a

cross-sectiOnagcggg&&ggogg Lhe $é5$%£é£%é§i£%éie§gf¥h aspect, since

the end portion of the flat portion can be fixed to the side

portion without any particular use of members other than porous
10 plates, the manufacturing cost of the porous plate unit can

be reduced.

[0028]

According to the above-described ninth aspect, the
strength of the porous plate unit increases.

15 [0029]

According to the above-described tenth aspect, the
porous plate unit can be easily manufactured. Moreover, by
changing the number of boxes constituting the porous plate
units or the length of the boxes in the depth direction, the

20 sound absorption characteristic of the sound absorbing
structure can be easily adjusted according to the intended use

or the 1like.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0030]
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FIG 18A is a |longitudinal cross-sectional view showing 5 the sound
absorbing structure of a conventional exanple and a conparative exanple.
FIG 18B is a cross-sectional view along the line E-E of FIG 18A

FIG 19 is a graph show ng the sound absorption 10 coefficients of a sound
absorbing structure of the exanple and the conparative exanple. MODE FOR
CARRYlI NG QUT THE | NVENTI ON [ 0031] 15Hereinafter, a first enbodi nent of the
present invention will be described. As shown in FIGS. A to 10, a sound
absorbing stru he fi nt i nvention

f%ﬁrﬁ1l of # gb di ment_ of. the_]a rese# )
i ncl udes a recf angui’ars 6% al'Pe 8%?83 Hotsi g pEUrat tY°6F por ous
plate units 3 disposed inside the housing 2. The 20 housing 2 has, on one
surface BREPEBENTaSFEEEAHYE ércc@étdﬂé@etﬁl étélzféw/?érr@dalmﬁml%%b%y of
through holes are forned. The sound absorbing structure 1 is disposed so
t hat t hepsedendf ioiensuphace plate 2a is the side of the sound source. In
the foll owi ng description of the sound absorbing structure 1, 25 description
will be given Wich itthe sdiar ecdvsonsottibrall et adnchg the line A-A of
5 FIG. 1A.
FIG. 1C is a cross-sectional view along the line B-B of
FIG. 1A.
FIG. 2 is a cross-sectional view of a sound absorbing
structure of another embodiment of the present invention.

10 FIG. 3 is a cross-sectional view of a sound absorbing
structure according to a second embodiment of the present
invention, and a view corresponding to FIG. 1B.

FIG. 4A is a cross-sectional view of a sound absorbing
structure according to a third embodiment of the present

15 invention.

FIG. 4B is a partially enlarged view of FIG. 4A.

FIG. 5A is a cross-sectional view of a sound absorbing
structure of another embodiment of the present invention.

FIG. 5B i1s an example of a cross-sectional view along

20 the line C-C of FIG. 5A.

FIG. 5C 1s an example of a cross-sectional view along
the line C-C of FIG. 5A.
FIG. 6 is a cross-sectional view of a sound absorbing

structure of another embodiment of the present invention.

25 FIG. 7 1s a perspective view of a sound absorbing

14



the direction of the width of the surface plate 2a being defined nerely as
the longitudinal direction and the |ateral direction, respectively, and a
direction orthogonal to the surface plate 2a being defined as the depth

di rection. 5[0032] As shown in FIGS. 1A and 18, the housing 2

i ncludes: the surface plate 2a fornmed of a porous plate; a back plate 2b

di sposed so as to face the surface plate 2a; and a franme portion 2c forned
integrally with the back plate 2b. As for the size 10 of the housing 2, for
exanple, the length in the longitudinal direction is 2000 nm the length in
the | at ePAFUGEHEEL PGS IBG0MA AndCERED | BRPAINANEhE Tddth REFTRE T on i s
95mm However, the size of the housing 2 is not limted to the

above- neanvengdoone. 15[ 0033] The back plate 2b and the frane
portion 2c are forned of a netal material such as iron or stainless steel,
fiber reinforcetGresi nison tdeerdpdeetifdD034pw20Ehea syplace g adrbdeg may be
det achably attached to an end portion of the frame portion 2c with screws or

the |ikegtetctyebaddored i Bh and it hendfdaime Por beorna thrddaat s or by
engagenent. As the surface plate 2a, for exanple, a porous plate is used

whi ¢ isiggengghnun1plate with a plate thickness 25 of approximately 1.0 nm
and ere a multiplicity of circular t hrough hol es are fornmed. The

di aneter of th hr qugh. hol es .of the surfa |at e is, fo xanpl e,
appr oxi mat el y %I% t% gl.% %m%earnsc?etér:telV:lepe‘f'{’(fgfrgel%rlelt‘:i1 oégfm?heabs%%eoalcn pl ate 2a

[ for ex I n r han % Th f th hr, h I
s 10 gt?ggtgie 8% ggo%hgraem gd%men% g?a%Eeoprgsgn% 1%%%ntq%n?s

FIG. 10 is a perspective view of a sound absorbing
structure of another embodiment of the present invention.
10 FIG. 11 is a perspective view of a sound absorbing
structure according to a sixth embodiment of the present
invention.
FIG. 12 is a perspective view of a sound absorbing
structure of another embodiment of the present invention.
15 FIG. 13 1is a perspective view of a sound absorbing
structure according to a seventh embodiment of the present
invention.
FIG. 14 is a perspective view of a sound absorbing
structure of another embodiment of the present invention.
20 FIG. 15 1is a longitudinal cross-sectional view of a sound
absorbing structure according to an eighth embodiment of the
present invention.
FIG. 16 is a cross-sectional view of a sound absorbing
structure of another embodiment of the present invention.

25 FIG. 17A is a longitudinal cross-sectional view showing
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5is not limted to a circle but maybe a pol ygon such as a square or a
triangle. The through holes may be forned of slits. In the case of such

t hrough hol es having a shape other than a circle, the dianeter of the
through holes is the dianmeter of a circular hole having an equival ent hol e
area. The plate thickness, the 10 aperture ratio and the dianeter of the

t hrough holes of the surface plate 2a are set so as to cause a viscosity on
the air passing through the through holes. Wen a viscosity acts on the air
passi ng throug h the through holes, the conversion of air vibrations into
heat ene?g?oPg p?BﬁBF@H“QSStFHﬁFU§8uﬁ§ ?5 §K&BPpEi-on perfor mance i nproves.
It is desirable that the through holes be closed by a sheet or the |ike

bei ng pasted tBl€hel 4Bebs of ¢hessuFdaiceopthtel od akeng ithe nlivontle? with a
| at er - descri bed space 9 (not shown). [0035] 20l nside the housing 2, a
pluralityfofIG¢121VA.the present enbodi ment) porous plate units 3 are

di sposed so as to be aligned in the direction of the surface of the surface

plate 2a. The ppsousmhate WHdi thdinadoeredsokeatponausy pbatshowdity has an
out si de shape of a square tube extending in the depth 25 dlrectlon As shown

in FIG 10 a,pharabitypphy pﬁw&ﬂ@tﬁaty@éﬁé@f&ﬁw dn the

| ongitudinal direction and”two 1 n the eral direction. [0036] As shown in

FIGS. A an 0 ate unit 3 5 includes: a first nenber 4 forned
in a boxgs% %§a¥%gﬁvgség%§ g% on the side of the back plate 2b; and a second

menber 5 whose 0s ectional sha es in the |ateral directi.on t he
| ongi t udi nal féttf%% 5 @ KEtapetr C[igugA view along the 100 3k

of FIG. 18A.
FIG. 19 1is a graph showing the sound absorption
10 coefficients of a sound absorbing structure of the example and

the comparative example.

MODE FOR CARRYING OUT THE INVENTION
[0031]

15 Hereinafter, a first embodiment of the present invention
will be described. Asshown in FIGS. 1A to 1C, a sound absorbing
structure 1 of the first embodiment of the present invention
includes a rectangular parallelepiped housing 2 and a plurality
of porous plate units 3 disposed inside the housing 2. The

20 housing 2 has, on one surface thereof, a rectangular surface
plate 2a where amultiplicity of through holes are formed. The
sound absorbing structure 1 is disposed so that the side of
the surface plate 2a is the side of the sound source. 1In the
following description of the sound absorbing structure 1,

25 description will be given with the direction of the length and
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10The first nmenber 4 is disposed on the back plate 2b. Wile the first

menber 4 may be fixed to the back plate 2b, it is not essential that it be
fixed. The first nenber 4 includes: a flat portion 4a disposed so as to face
the surface plate 2a; and a side portion 4b extending in the depth
direction. 15 The side portion 4b is disposed so as to surround the fl at
portion 4a when viewed fromthe depth direction, and the flat portion 4a is
coupled to an end portion, on the surface plate 2a side, of the side portion
4b on the entjre perineter thereof, %QOBB] 20The second nmenber 5 is attached
to an endDFdFHT AT I Yh O S HEFAELC bIFRES DAL 3FHE L a5F thE RN hbRBer 4. The
second nmenber 5 includes: a flat portion 5a disposed so as to face the
surface preieéyz:s thad st igurl dbhesblex @andi hg Liak etriad depedt o ect i on.
The side portion 5b is disposed so as to 25 surround the flat portion 5b
when vi emedpEconveie, depda ddireecttiioonporahdgbhel fiatthpostiréacbaplsteoupl ed to
a substantially central portion, in the depth direction, of the side portion
5b on theaepkihg perifetenst heredkpttheiseeendnmenber 5 is fixed by its
opened end portion on the back plate 2b side being 5 fitted onto the outside
of ansendypgrtion, on the surface plate 2a side, of the first nenber 4. In
addition'to this fixing by fitting, the second nenber 5 may be fixed by

further using ﬁs%ﬁ%ﬂ&eﬁh ﬁﬁigqhﬁﬁtﬁﬁigggnﬁhquﬂﬁﬁgﬁféf?Bglﬁﬁggbet¢éke'

[ 0039] 10The flat  portions 4a’an each par Surface plate
2a. The sid ortions 4b and 5b each incl ude t surfaces orthogonal in the
ongi t udPHAF 2HEr BAAFBn 28nd CEASs G Ao B0 TGHENGGORS" i T IBAEra) 2 r ect i on.
The side portion of the porous plate unit_of the present invention 15

i ncl udes9tRECEPHS DBAt TR 246 BP e RGP L AeRirér andrd TEREBSH A ti on Sb

of the second nenber S.
2c formed integrally with the back plate 2b. As for the size

10 of the housing 2, for example, the length in the longitudinal
direction is 2000 mm, the length in the lateral direction is
500 mm, and the length in the depthdirection is 95 mm. However,
the size of the housing 2 is not limited to the above-mentioned
one.

15 [0033]

The back plate 2b and the frame portion 2c are formed
of a metal material such as iron or stainless steel, fiber
reinforced resin, or the like.

[0034]

20 The surface plate 2a may be detachably attached to an
end portion of the frame portion 2c with screws or the like,
or may be fixed to an end of the frame portion with rivets or
by engagement. As the surface plate 2a, for example, a porous
plate is used which is an aluminum plate with a plate thickness

25 of approximately 1.0 mm and where a multiplicity of circular
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[ 0040] The |l ength of the porous plate unit 3 in the depth direction
is substantially the same as the length of the 20 internal space of the
housing 2 in the depth direction. The lengths of the first nmenber 4 and the
second nmenber 5 in the longitudinal direction are substantially the sane as
each other, and their lengths in the depth direction are also substantially
the sanme as each other. The lengths of the first nenber 4 and 25 the second
menber 5 in the longitudinal direction will be referred to as W, and
their lengths in the lateral direction will be referred to as W2. [0041] As
shown i ntRreugbAhotRe srdef ponred ond b dislptelr phetBet Worpvgbuloptate units
3 adjoining with respect to the longitudinal direction are disposed with a
gap dl i pfbebewesan: fade diake garispnfctb etBinplef, therpariouaseeplyade3unvt 3
adjoining the frame portion 2c with respect to the longitudinal direction is

di sposed3wtiina gap tBe Apepttibe Ffa@de FOEhEOs 2Eac Ao shewrallsi ne&EG 1B,
the side portions 4b (5b) of the two porous plate units 3 adjoining with

respect | at,gkal,odir Lompar e i i j en. The
o FREhPSE!THE oS PR RoORLC, PR L R e i ypebtern

| ateral dLnenhonaly the, porays plete uait o5l SRosed il g, gep 15 D2

from ranme “portion as ‘'shown™ I n-Fl . Spaces forned
For m t heokpace S gban P S REVERt BPRSF SpacE dPTHE RAUSHAGS2, Hhe Space
20 surrounded by the side portions 4b and 5b, the surface plate 2a and the
back pl afBe@nSesof srusddthhagh heleshea §i ke apthaRdR tHE fohka héroikc bt at e uni t
3 divides the internal space of the

the diameter of the through holes is the diameter of a circular

hole having an equivalent hole area. The plate thickness, the

10 aperture ratio and the diameter of the through holes of the
surface plate 2a are set so as to cause a viscosity on the air
passing through the through holes. When a viscosity acts on
the air passing through the through holes, the conversion of
alr vibrations into heat energy is promoted, so that sound

15 absorption performance improves. It is desirable that the
through holes be closed by a sheet or the like being pasted
to the area of the surface plate 2a that i1s in contact with
a later-described space 9 (not shown).

[0035]

20 Inside the housing 2, a plurality of (12 in the present
embodiment) porous plate units 3 are disposed so as to be
aligned in the direction of the surface of the surface plate
2a. The porous plate unit 3 is formed of a porous plate, and

has an outside shape of a square tube extending in the depth

25 direction. As shown in FIG. 1C, a plurality of porous plate

18



housing 2 into a plurality of spaces aligned in the direction of the surface
of the surface plate 2a. The space surrounded 25 by the side portions 4b and
5b, the surface plate 2a and the back plate 2b is divided into three air
chanbers 6 to 8 aligned in the depth direction by the two flat portions 4a
and 5a. [0043] The air chanber 6 is a space surrounded by the surface 5
plate 2a, the flat portion 5a and the side portion 5b. The air chanber 7 is
a space surrounded by the flat portion 5a, the flat portion 4a and the side
portion 5b. The air chanber 8 is a space surrounded by the flat portion 4a,

t he back upligtse3 Hr<eaddsrheesl gex oy thenldmgi10f Doxl|directiorn endstdesi rabl e
that the widths WL of the air chanbers 6 to 8 in the longitudinal direction
(the | enghhshef lherkilr siti reenien .4 and the second nenber 5 in the

| ongi tudi nal direction) be set so as to be snaller than 1/2 the wavel ength
of the soupndel5 to be absorbed. It is desirable that the widths W2 of the
air chanbers 6 to 8 in the lateral direction (the lengths of the first

nmenber 4 and t}g}ﬁ SEER d;pember 5qinn r&ellBong%];eut d}adusdlr#df%%é glgg-gg%al SO set

so as to be smaller than 1 t he ‘wavel engt’h e sou sorbed I|ike

the Il engths.in_the | ongi tudi nal. directiaon, The reason w.l | _ be nti oned
Iater§ A éuaﬁ8-|%§gﬁ"§-%?m5 5‘§F9rc g %F%ngt% %P?ﬁgFﬁélaé%E%“ rection

may be different, from one no&he , . they may be the sane. %CC?%%@ZSThe first
member 4°8th?h%l%%ég%djﬁb & BEQFE Z%cﬁ”%%@né&coﬁﬁ BERarhg® dHEP or ous
plate. For this reason, the flat portion 4a and the side portion 4b are
i nt egral Fyofsraeativhals |Haprtt iion B ahdtekalsidergoriomnabl atle al so
integrally fornmed. O the side portion 5b of the second nenber 5, a part on
the 5 sulbagetpbatel2disedeioh e Hiahapedti on 5a has a dual structure by
bei ng fol ded back.

[0037]

10 The first member 4 is disposed on the back plate 2b.

While the first member 4 may be fixed to the back plate 2b,

it is not essential that it be fixed. The first member 4

includes: a flat portion 4a disposed so as to face the surface

plate 2a; and a side portion 4b extending in the depth direction.

15 The side portion 4b is disposed so as to surround the flat
portion 4a when viewed from the depth direction, and the flat
portion 4a is coupled to an end portion, on the surface plate
2a side, of the side portion 4b on the entire perimeter thereof.

[0038]

20 The second member 5 is attached to an end portion, on
the surface plate 2a side, of the first member 4. The second
member 5 includes: a flat portion 5a disposed so as to face
the surface plate 2a; and a side portion 5b extending in the

depth direction. The side portion 5b is disposed so as to

25 surround the flat portion 5b when viewed from the depth
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[ 0046] The porous plate constituting the first nenber 4 and the
second nenber 5 is, for exanple, an alum numthin plate (foil) 10 with a

pl ate thickness of approximately 0.1 mm and where a multiplicity of circular
t hrough holes are forned. The dianeter of the through holes of the porous
plate is, for exanple, 0.05 mmto 0.15 nm and the aperture ratio thereof

is, for exanple, 0.1 to 1.0% Wile the through holes may be 15 holes forned
by punching, they nay be holes forned by the followi ng nmethod: In a thin

pl ate serving as the material of the porous plate, nountain-shaped portions
and val | éyrehaped, pord toas latepevhi tmeuss goliplredt ¢ A sithetarat 82 bider, and
the tips of these nountain-shaped and val |l ey-shaped portions are 20

ducti | e- teactdi edort hen gbiyn ftararideg ti ddtrechabes. oThehshapée gfothiese holes is
not circular but a shape close to a cross. Wien the through holes are forned
by punchibpgent hgesbaperef pthemtheoughe hobes Ithdtieddmd tiRdmipor as cigcl e but
may be a pol ygon such as a square or a triangle. O the through holes may be
25 slit- Ln .t : i - . ot her
fhan & of FAF B "4 A “dr Bome oot PERG hr ook nan6e & Lot havar hasrar nd s

circul ar hp| e ‘havi ng,an_equi val ent _hol rea. _The aperture_rati t he plate
Chi chhesE ahaC O B a ey e e e p st R SPRe o e HBEBtE Bte arb cet
so as to_cause 5 a_viscosity on the ajr passi t hrough t he through hol es
for a si%?l%%g?eaggnt?% fhﬁgtomeT%%rp%rodgl@43&?%&ﬂnﬁ%t§h%%gp% Surface
plate 2a. As the porous plates constituting the first nenber 4 and the
second neWbErt BLnportdies SpicanesMRRYERgS diay A XgPePYuferfReTr 0sSindl e

di aneters and plate thicknesses nay be 10 used, respectively. [0047] Next,

t he sound abspibrngaacedbasoiet hgesbunddhbsorbi hgpst puctthee lika.l | be

descri bed. The sound fromthe sound source first enters the air chanber 6
fromthe[odBough hol es of the 15 surface plate 2a. At this tine, when a
sound in the vicinity of a specific frequency (resonance frequency)
corrgspondi Ng The flat portions 4a and 5b are each parallel to the

surface plate 2a. The side portions 4b and 5b each include
two surfaces orthogonal in the longitudinal direction and two
surfaces orthogonal in the lateral direction. The side
portion of the porous plate unit of the present invention
15 includes the side portion 4b of the first member 4 and the side
portion 5b of the second member 5.
[0040]
The length of the porous plate unit 3 in the depth
direction is substantially the same as the length of the
20 internal space of the housing 2 in the depth direction. The
lengths of the first member 4 and the second member 5 in the
longitudinal direction are substantially the same as each other,
and their lengths in the depth direction are also substantially
the same as each other. The lengths of the first member 4 and

25 the second member 5 in the longitudinal direction will be
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to the aperture ratio, the hole dianmeter or the |ike of the surface plate 2a
enters the air chanber 6 fromthe through holes of the surface plate 2a,
resonance occurs, friction is caused 20 between the inner walls of the

t hrough holes and air by the vibrations of the air in the through holes, and
part of the vibration energy is converted into heat energy, thereby causing
a sound absorbing action. Part of the sound having entered the air chanber 6
enters the air chanber 7 fromthe through 25 holes of the flat portion 5a,
and further, enters the air chanber 8 fromthe through holes of the flat
portion #afeagedntehes ddseandetket hel eudints passbs tateough dhecehiough hol es
of the surface plate 2a, when a sound in the vicinity of a specific
frequencyicar bespefdirmgdt aot he &Rerture ratio or the 5 like of the flat
portions 4a and 5a passes through the through holes of the flat portions 4a
and 5a, paot19f the sound is absorbed. [0048] Part of the sound having
entered the air chanbers 6 to 10 8 enters the space 9 through the through

hol es of the sjde pogli or14 he.sidg; porti.on: d ther nters the
ai r chanbers GAgoSQQ%% ?ﬁeﬁg%jo}%ingﬁ%dggﬁgli §§%§£%i?53§£§g ?ﬁi%h§ine, as
int case where the,sound sses through the through holes of the surface
pl at e Za?w\cfmeonorao%souﬁaa?ﬁ t%gjﬂilsl c?’ni ({/]Ol ot awéLBéci 'Scp%%qﬁé)ncvle

correspo ding tqQ.th gferture ratiog.or the |ike of the sid;xgortions 4a and
5a passes®t' Bﬁghnﬁ F Ut e S 16POSRE €L HR HFAA Ohst AP Sa, part of
the sound is absorbed. Since the sound absorbing structure | not only

absor bs Sbanwsd® P UsT iy e (PRI 00§ H-HDIRST Bfs PREtsurRAte3 Pdt®ining

the frame portion 2c with respect to the longitudinal direction
is disposed with a gap D1 from the frame portion 2c. As shown
10 in FIG. 1B, the side portions 4b (5b) of the two porous plate
units 3 adjoining with respect to the lateral direction are
disposed with a gap d2 in between. The side portion 4b (5b),
adjoining the frame portion 2 with respect to the lateral
direction, of the porous plate unit 3 is disposed with a gap
15 D2 from the frame portion 2c. Further, as shown in FIG. 1C,
the spaces formed of the plurality of gaps D1, D2, dl and d2
communicate with one another, and form the space 9.
[0042]
In the internal space of the housing 2, one space
20 surrounded by the side portions 4b and 5b, the surface plate
2a and the back plate 2b is formed. That is, the side portion
of one porous plate unit 3 divides the internal space of the
housing 2 into a plurality of spaces aligned in the direction
of the surface of the surface plate 2a. The space surrounded

25 Dby the side portions 4b and 5b, the surface plate 2a and the
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20 2a and the flat portions 4a and 5a but al so absorbs sounds by using the

t hrough hol es of the side portions 4b and 5b as descri bed above, sound
absorption efficiency inproves. [0049] Next, the frequencies of
t he sounds that the sound 25 absorbing structure | can absorb wll be
described. Wiile the 25 sound absorbing structure 1 absorbs sounds by using
the through holes of the surface plate 2a, a plurality of flat portions 4a
and 5b and a plurality of side portions 4b and 5b as described above,
description wll be given by taking, particularly, the 5 frequencies of the
sounds t Rackdahrbe Zé’oéér%‘dlcile?ﬁ £RE Ot HR BRQY IR IHOFBSTBEIEhe tsUBfREEIPR@At e 2a as
an exanple. [0050] Since the air chanbers 6 to 8 communi cate through the

t hrough hol ébeoflephd fliaecpdrni bustha awd 5aatt bersdond 16 albsbrisi-ng
structure | can absorb sounds in the vicinity of the resonance frequency
correspondonglto the volune of the air chanber 6, and can al so absorb sounds
inthe vicinity of the resonance frequency corresponding to the volune of a

space whi ch i sthbe; pggriegaier & ithe ahhceharbesufdands{hendi suchadber 15 7
and sounds in the vicinity of the resonance frequency

5 plate 2a, the flat portion 5a and the side portion 5b. The
air chamber 7 1s a space surrounded by the flat portion 5a,
the flat portion 4a and the side portion 5b. The air chamber
8 is a space surrounded by the flat portion 4a, the back plate
2b and the side portion 4b.

10 [0044]

It is desirable that the widths W1 of the air chambers

6 to 8 in the longitudinal direction (the lengths of the first

member 4 and the second mempber 5 in the longitudinal direction)

be set so as to be smaller than 1/2 the wavelength of the sound

15 to be absorbed. It is desirable that the widths W2 of the air

chambers 6 to 8 in the lateral direction (the lengths of the

first member 4 and the second member 5 in the longitudinal

direction) be also set so as to be smaller than 1/2 the

wavelength of the sound to be absorbed like the lengths in the

20 longitudinal direction. The reason will be mentioned later.

While the lengths of the air chambers 6 to 8 in the depth

direction may be different from one another, they may be the
same.
[0045]

25 The first member 4 and the second member 5 are each formed
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corresponding to a space which is the aggregate of all the air chanbers 6 to
8. Since a plurality of air chanbers 6 aligned in the |ongitudinal direction
and in the lateral direction and the space 9 conmuni cate through the through
hol es of the side 20 portions 5b, for exanple, the foll ow ng sounds can al so
be absorbed: sounds in the vicinity of the resonance frequency correspondi ng
to the volune of a space which is the aggregate of the air chanber 6 and the
space 9; sounds in the vicinity of the resonance frequency corresponding to
the vol une of a 25 space which is the aggregate of the two air chanbers 6

al i gned bywdidirespeetpdoothe ladrgi t Bdrndlidreeebnontios ftllae pateiah
direction and the space 9; and sounds in the vicinity of the resonance

frequencyacanyespendiag pborthenvabugeeofndcgpateyWibehels theecagosegate of a
space which is the aggregate of 5 the two air chanbers 6 aligned in the

| ongi tUd'giB?'ti@'hr SN+ 8Ads 1 fie G& P 53Nd- & a%%%%ré‘ﬁg%glil? Ebenaggr egat _enof

the two chanbers 7 di sposed below the two air ers’ 6 1n FIG |A
Lne_dept oL fecti g LOOPAL 40N saver, saprdpgt he Ll logochipfs 42, and,
oY SLsacRl Uity of esonance | Lequencl e5,corr eapanding o Lhe spaces
by being folded back.
[0046]
The porous plate constituting the first member 4 and the
second member 5 is, for example, an aluminum thin plate (foil)

10 with a plate thickness of approximately 0.1 mm and where a
multiplicity of circular through holes are formed. The
diameter of the through holes of the porous plate is, for
example, 0.05 mm to 0.15 mm, and the aperture ratio thereof
is, for example, 0.1 to 1.0%. While the through holes may be

15 holes formed by punching, they may be holes formed by the
following method: In a thin plate serving as the material of
the porous plate, mountain-shaped portions and valley-shaped
portions are continuously formed in alternate order, and the
tips of these mountain-shaped and valley-shaped portions are

20 ductile-fractured, thereby forming minute holes. The shape
of these holes is not circular but a shape close to a cross.

When the through holes are formed by punching, the shape of
the through holes is not limited to a circle but may be a polygon

such as a square or a triangle. Or the through holes may be

25 slit-formed. In the case of such through holes having a shape
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15[ 0052] From the above, the sound absorbing structure 1 not only can absorb
sounds in the vicinity of the resonance frequencies corresponding to the

vol unes of the air chanbers 6 to 8 and sounds in the vicinity of the
resonance frequency corresponding 20 to the volunme of a space which is the
aggregate of the air chanbers 6 to 8 aligned in the depth direction but also
can absorb sounds in the vicinity of the resonance frequency correspondi ng
to the volunme of a space which is the aggregate of a plurality of air
chanbers 6 (or air chanbers 7 or 8) aligned 25 in the direction of the
surface ofheretBanface i5ldaethe dhancthe ehdde FhIAsEdr 8icAgst 6StHeeprincipl e
of the Helmholtz resonator, the |larger the volune of the air |ayer
connunicdﬁhmgtm&tbftheciesohanthhbéeBaVSmgtimaéqw@walémmr@sb@amneafrequency
corresponding to this air layer is. Therefore, in the sound 5 absorbing

structurend, apbetaedndaabspr phéopl 4 £ €qtieNEYn Handa cANtHE oM gesesr tomard t he
| ow frequency area side conpared with the case where the side portions 4b

and Sb a&ﬁefeﬁ%égﬁfhmégeoﬁ%rp%mg ®13¢ o Areughthohegsarg forged. [0053]
10Here, when the Side portions 4b (5b) of the adjoining

5 a viscosity on the air passing through the through holes for
a similar reason to that of the porous plate constituting the
surface plate 2a. As the porous plates constituting the first
member 4 and the second member 5, porous plates havingdifferent
aperture ratios, hole diameters and plate thicknesses may be

10 used, respectively.

[0047]

Next, the sound absorbing action of the sound absorbing
structure 1 will be described. The sound from the sound source
first enters the air chamber 6 from the through holes of the

15 surface plate 2a. At this time, when a sound in the vicinity
of a specific frequency (resonance frequency) corresponding
to the aperture ratio, the hole diameter or the like of the
surface plate 2a enters the air chamber 6 from the through holes
of the surface plate 2a, resonance occurs, friction is caused

20 between the inner walls of the through holes and air by the
vibrations of the air in the through holes, and part of the
vibration energy is converted into heat enerqgy, thereby causing
a sound absorbing action. Part of the sound having entered
the air chamber 6 enters the air chamber 7 from the through

25 holes of the flat portion 5a, and further, enters the air
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two porous plate units 3 are disposed in close contact with each other, the
t hrough hol es of one side portion 4b (5b) are liable to be closed by the

ot her side portion 4b (5b) and to prevent the through holes from being
closed, it is necessary 15 that the positions of the through holes of both
side portions 4b (5b) coincide with each other, which nmakes the manufacture
of the sound absorbing structure 1 difficult. [0054] On the other hand, in
the present enbodi nent, the side 20 portions 4b (5b) of the two porous plate
units 3 adjoining with respect to the longitudinal direction or the |ateral
di recti onhambedi 8pbsed Wit hthheugfapallenoft fbegdpad2pontbenwden. For this
reason, a plurality of air chanbers 6 to 8 adjoining wwth respect to the

| ongi t udinathdi cest ivite s de doatner ph sdiesechironga5thant heongdend bes
comuni cat e through the through hol es of the side portions 4b and 5b

wi thout therpeedyfr@kckhe1p@sl LiaONgHeh ttheduough 11 esi ofn 0§ hosigle )
portions 4b (5b) to coincide with each other. [0055] 5Since the side portion

4b (5b e . PO. i | i NI ANE, ROr L i;s. di sposed
mjtg t%e952%9§f80€9% %@%2%%ﬁgq;f;n1t éﬂ%?gn%ﬁgéﬁ{lonlggfggﬁg égdggaabsgrbing
structure,|l no nl y.can _absorb sounds in the vicinity of, the resgnance

freq enc?ékec% rtg‘sepﬁ%a?n%of%l?rﬁ% 4% ?nﬁh%%t?earsss%s 'Eq%‘rfbpé@ %ﬁ? 1gl'llrs%u%an absorb
sounds ig the vicipity of the resonance fr%%uency corre ondiq? to a space
which is Pﬁ%saﬁérégﬁtéléF PRE PP ScHANBESs °6 1t #38 fa éﬁgbé%ﬁl‘%rh%d of the

gap DI or the gap D2. For this reason, in the sound absorbing structure 1,
t he soundb&bsbedti on frequency band can be w dened conpared

[0048]
Part of the sound having entered the air chambers 6 to
10 8 enters the space 9 through the through holes of the side
portion 4b or the side portion 5b, and further, enters the air
chambers 6 to 8 of the adjoining porous plate unit 3. At this
time, as in the case where the sound passes through the through
holes of the surface plate 2a, when a sound in the vicinity
15 of a specific frequency corresponding to the aperture ratio
or the like of the side portions 4a andVSa passes through the
through holes of the side portions 4a and 5a, part of the sound
is absorbed. Since the sound absorbing structure 1 not only
absorbs sounds by using the through holes of the surface plate
20 2a and the flat portions 4a and 5a but also absorbs sounds by
using the through holes of the side portions 4b and 5b as
described above, sound absorption efficiency improves.
[0049]
Next, the frequencies of the sounds that the sound

25 absorbing structure 1 can absorb will be described. While the
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15 with the case where no gap is fornmed between the side portion 4b of the
porous plate unit 3 and the frane portion 2c. [0056] Si nce the space
9 is a space into which the spaces forned of a plurality of gaps DI, D2, d
and d2, respectively, are 20 coupled, its volune is conparatively |arge.
Further, this space 9 conmunicates with all of the air chanbers 6 to 8 of a
plurality of porous plate units 3. For this reason, the sound absorbing
structure | can deliver high sound absorption performance in the | ow
frequency area. 25[0057] Mor eover, in general use of the sound
absor bi ngosnhdudtag ingatchuasuusel ébsoftbesmaysis byurls @t hearh ousymagni t udes
(sound pressures) enter the air chanber 6 through the surface plate 2a.
Consequehtliys dvhetrecasertasespies 24 hes rEigntd ey ¢ Soflek pgressu es)  of
the sounds in the air chanber 6 of the adjoining two porous plate units 3
are di ffepemd shirddbho168860.1 8, §0WIthd Potheoakricharhsl ssdBidw@ying a

hi gher sound pressure readily enters the space 9. Mrreover, when the through

hol o5 | nybbgeargasc i, 00 a0k 1ML Lhe, $9ACe9ngofpLbes syt Lpgp Miate 2a are

10 cl ose solinds nore readily en omt alr - chanbers 6 to
8 since xternal.soung do not di ec#l enter,the, space 9. en _squnds
Feadlly EhEErooReSSpRears FPURFENBIal 2 abaPS SEoEY 6 ath fentt Bl above,
t he sound absorption coefficient inproves at the resonance frequency
correspondtfy @5 tBcaSepheecwhiehci 2t Ré ahgPEEAP&Cof the air chambers 6 to
9 and the sgace 9 and at frequencies in the vicinity thereof. [00581
Mor eover [OBaPt of the sound entering through the through holes of the
surface plate 2a or the flat portions 4a and 5a 20 travels in the
| ongi tudi nal dérrectiome oxiy rchdmeodd & dlo di reeotriwnidat & heh@miuglchanbers 6 to
8. At this tinme, when the width WL of the air chanbers 6 to 8 is larger than
1/2 the vavehghghblek tde shandike hsabsoideda tdhey esayetbaseswhere a
resonance phenonenon of sounds traveling in the |ongitudinal
10 absorbing structure 1 can absorb sounds in the vicinity of the
resonance frequency corresponding to the volume of the air
chamber 6, and can also absorb sounds in the vicinity of the
resonance frequency corresponding to the volume of a space
which is the aggregate of the air chamber 6 and the air chamber
15 7 and sounds in the vicinity of the resonance frequency
corresponding to a space which is the aggregate of all the air
chambers 6 to 8. Since a plurality of air chambers 6 aligned
in the longitudinal direction and in the lateral direction and
the space 9 communicate through the through holes of the side
20 portions 5b, for example, the following sounds can also be
absorbed: sounds in the vicinity of the resonance frequency
corresponding to the volume of a space which is the aggregate
of the air chamber 6 and the space 9; sounds in the vicinity

of the resonance frequency corresponding to the volume of a

25 space which i1s the aggregate of the two air chambers 6 aligned
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25 direction occurs in the air chanbers 6 to 8, sounds do not readily enter
the air chanbers 6 to 8 fromthe through holes and this degrades sound
absorption performance. Wien the width W2 of the air chanbers 6 to 8 is

| arger than 1/2 the wavel ength of the sound to be absorbed, simlarly, there
are 5 cases where sound absorption performance is degraded. On the other
hand, in the present enbodinent, since the wwdths W. and W2 of the air
chanbers 6 to 8 are snaller than 1/2 the wavel ength of the sound to be
absorbed, the resonance in the air chanbers 6 to 8 is prevented, and as a
consequentéh sespestrdadiihe ehtryit@dihel aili rehanber 916 the Sldteonl he

t hrough holes of the surface plate 2a or the flat portions 4a and 5a, so

t hat souddrabsoopt &and pes fosamnce iamy evesds] 0850heFut thet tyasforitk ng to the
method in which a plurality 15 of porous plate units 3 fornmed of porous

pl ates argsdhgpesedrkbRskdeyt _@%r@@'é%ioﬁ@i%g e t$RURG 1aREOTdH ng stdacture 1
can be easily manufactured since the nethod is easy conpared with the case

wh ral i . . on taci ; | at
wher 2 BLUERLLLYCOL Bogousaplal es, 201 gesth o Tl il s e plate
0060] NFEGVES by U & o ARGer  oF Mol BUb 1S Ll T by
changi ng sone of a plurality of porous plate units 3 25 to _porous plate
units foRRBdRE SFAGUS phat 8sSPaVE M kLl éPeneggrRERECIPENBRRITYR t he

|l i ke, the sound absorption characteristic of the sound absorbing structure 1
can be east|ghampenss ed Hemsrihdaleon hde hrvended ckambershe 1n KelG{ 0061]

1A in the depth direction.
[0051]

10 Moreover, regarding the flat portions 4a and 5a and the
side portions 4b and 5b, like the surface plate 2a, sounds in
the wvicinity of a plurality of resonance freguencies
corresponding to the spaces communicating with the through
holes thereof can also be absorbed.

15 [0052]

From the above, the sound absorbing structure 1 not only
can absorb sounds in the vicinity of the resonance frequencies
corresponding to the volumes of the air chambers 6 to 8 and
sounds in the vicinity of the resonance frequency corresponding

20 to the volume of a space which is the aggregate of the air
chambers 6 to 8 aligned in the depth direction but also can
absorb sounds in the vicinity of the resonance frequency
corresponding to the volume of a space which is the aggregate
of aplurality of air chambers 6 (or air chambers 7 or 8) aligned

25 1in the direction of the surface of the surface plate 2a and
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5Mor eover, since the porous plate unit 3 is forned only of a porous plate
and, for exanple, the resin partit ioning walls 92 to 94 and the |like are
not used unli ke the conventional sound absorbing structure 901 shown in

FI GS. 18A and 18B, material cost can be reduced, and wei ght can be reduced.
10[ 0062] Mor eover, as descri bed above, the first nenber 4 and the
second nenber 5 are each forned by bendi ng one porous plate, and the fl at
portions 4a and 5a and the side portions 4b and 5b are each integrated. For
this reason, the flat portions 15 4a and 5a do not readily vibrate with
respect tHeas@iacectd -on AsiaHotjdital te othdersuprapédediofedtionie Her@btZ (t he
depth direction). Wien the flat portions 4a and 5b vibrate, the friction
bet ween theohater,wdi¢ ¢ aohetrhiehe hpdugh dfokbs aid layeri gondeet kageihgso t hat
sound absorption performance is degraded. 20 In the present enbodi nent,
since theivhbtia iransoraint he lidlsat s potiié drsiedatandrdbacasecsupps@ssedy t he
degradati on of sound absorption performnce due to vibrations can be

suppreSS@errEQgéﬁhing to this aiMPregMar jsSi NggRetBeosbde; ROFRE OSu AP and 5b
are disposed 25 so as to surround the flat portions 4a and 5a when vi ewed

fromg2 1bg fdepthdif Lon and the JJ &b POLL L ORS¢ afhe-soupl ed to
é 4 éﬁgh%% én th é S er o?

the side portion € entire perineter the porous
plate unjt 3.has copparatiyvely,high strength. [0064] 5ln the sound absorbing
B Fuct ur 5171 HRgefioPBRET1 hEe Y Lor S b i L doett T Se S 6 bet ng
rotated 180 about an axis in the direction orthogonal to the _surface plate

2a. That tP§, &S tirGurecnaybe RRIGHEYP i*R ARfcHP (e S8E8RE FEMEITS s
di sposed on the back plate 2b and the second nenber 4 whose 10 surface plate
2a si de hsmbpehedhrsecanrathedupb hRécsupracéopmate 2a side of the second
menber 5. [0065] Mor eover, as shown in FIG 2, the sound absorbing
structur €0fy]l be provided with a plurality of porous plate units 15 3
formed of two second nenbers 5 coupled in the depth direction.

10 Here, when the side portions 4b (5b) of the adjoining

two porous plate units 3 are disposed in close contact with
each other, the through holes of one side portion 4b (5b) are
liable to be closed by the other side portion 4b (5b) and to
prevent the through holes from being closed, it is necessary
15 that the positions of the through holes of both side portions
4b (5b) coincide with each other, which makes the manufacture
of the sound absorbing structure 1 difficult.
[0054]
On the other hand, in the present embodiment, the side
20 portions 4b (5b) of the two porous plate units 3 adjoining with
respect to the longitudinal direction or the lateral direction
are disposed with the gap dl or the gap d2 in between. For
this reason, a plurality of air chambers 6 to 8 adjoining with
respect to the longitudinal direction or the lateral direction

25 can be made to communicate through the through holes of the

28



[ 0066] Next, a second enbodi nent of the present invention will be
described with the focus on differences fromthe first 20 enbodi nent. Here,
el enents having the same structure as those of the first enbodi ment are
denoted by the sanme reference nunerals and descriptions thereof are omtted
as appropriate. [0067] In a sound absorbing structure 21 of the
second 25 enbodi nent, al though the shape of the porous plate unit is 33
different, the structures other than that are the sane as those of the first
enbodi ment. [0068] As shown in FIG 3, a porous plate unit 23 of the second
5 enbodi sedt porct udes:4la dnar G bokh@dt whosendeat i€ opl ahe 2bs st denssobpened;
and a small box 25 di sposed inside the |arge box 24 and whose back plate 2b

side is epeneHrolhr harge H9Xb3dhastdd heostBdhs bax 25p prs easthdixed to the
back plate 2b. [0069] 10The |l arge box 24 includes a bottomwall (flat

portion) 24a disposed.$0 as to face the surface plate 2a and a side wall
portion (side portion) 24b extending in the depth direction. The small box
25 inclugﬁ§ g]botton1mall (flat portion) 25a disposed so as to face the
surface a?e 2a and a side wall 15 portion (side portion) 25b extending in
t he pth direction. [0070] The hottomwalls 24a and 25a are each, parall el
to tﬂﬁ surfac b@%?éj%é?l engHéoﬁag? @%}k#ﬁﬁ§%§4805ﬂ352% a%%dﬂ“lg

adjoining the frame portion 2c is disposed with the gap D1 or
the gap D2 from the frame portion 2c, the sound absorbing
structure 1 not only can absorb sounds in the vicinity of the
resonance frequencies corresponding to the air chambers 6 to
10 8 but also can absorb sounds in the vicinity of the resonance
frequency corresponding to a space which is the aggregate of
the air chambers 6 to 8 and a space formed of the gap Dl or
the gap D2. For this reason, in the sound absorbing structure
1, the sound absorption frequency band can be widened compared
15 with the case where no gap is formed between the side portion
4b of the porous plate unit 3 and the frame portion 2c.
[0056]
Since the space 9 is a space into which the spaces formed
of a plurality of gaps D1, D2, dl and d2, respectively, are
20 coupled, its volume is comparatively large. Further, this
space 9 communicates with all of the air chambers 6 to 8 of
a plurality of porous plateunits 3. For this reason, the sound
absorbing structure 1 can deliver high sound absorption
performance in the low frequency area.

25 [0057]

29



include two side walls orthogonal in the |ongitudinal direction 20 and two
side walls orthogonal in the lateral direction. The side wall portions 24b
and 25b are disposed so as to surround the bottomwalls 24a and 25a when
viewed fromthe depth direction, respectively. The bottomwalls 24a and 25a
are coupled to the surface plate 2a side end portions of the side 25 wall
portions 24b and 25b on the entire perinmeters thereof, respectively. The
side wall portion 24b of the | arge box 24 and the side wall portion 25b of
the smal|l box constitute the side portion of the porous plate unit of the
present invent¥®ReoyeD7 I SIMRr ¢ bNGErP bE hetoUnd ggsaékelz@ §trudeire

| ongitudinal direction is shorter than the length of the internal space of
t he housilmpch kn ude foept healiaest isomndehef [vengtcusofiaghétsoakl (dmxn@5 in the
depth direction is shorter than the length of the large box 24 in the depth

di recti opredbatek$, ehber | Engtdisr Lhaalodrhe targeghoxh@4dsanthdédesamd | box 25
in the depth direction are different fromeach other. Wiile the | engths of

the smal babok&%éﬁh&b@wor&glletr@dw@lca@lerseﬁé% t@l@dm!a nahﬁdégt &fAlndli rection
are substantially the sanme, the large box 24 is slightly larger. The |arge

(i xed t o0t FE Bagk | %%?2“%?@‘8&%? %Zgg?ﬁ?‘f@?‘%f‘%@??%%ﬁifb&qﬁﬁir oo

gfgous pLat%x%Qh&§p%%t%db qugare Qlf?S? Qﬁukgg ltUdlnaI q;reCtIOn

in the air chambers 6 to 8 having a higher sound pressure readily

enters the space 9. Moreover, when the through holes in the

area, in contact with the space 9, of the surface plate 2a are

10 closed, sounds more readily enter the space 9 from the air

chambers 6 to 8 since external sounds do not directly enter

the space 9. When sounds readily enter the space 9 from the

air chambers 6 to 8 as mentioned above, the sound absorption

coefficient improves at the resonance frequency corresponding

15 to a space which is the aggregate of the air chambers 6 to 9

and the space 9 and at frequencies in the vicinity thereof.
[0058]

Moreover, part of the sound entering through the through

holes of the surface plate 2a or the flat portions 4a and 5a

20 travels in the longitudinal direction or in the lateral

direction in the air chambers 6 to 8. At this time, when the

width W1 of the air chambers 6 to 8 is larger than 1/2 the

wavelength of the sound to be absorbed, there are cases where

a resonance phenomenon of sounds traveling in the longitudinal

25 direction occurs in the air chambers 6 to 8, sounds do not
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20 di sposed with a gap in between. The side wall portion 24b of the porous
plate unit 23 adjoining the frane portion 2c with respect to the

| ongi tudinal direction is disposed with a gap fromthe frame portion 2c. The
side wall portions 24b of the two porous plate units 23 adjoining with
respect to the lateral 25 direction are disposed with a gap in between, and
the side wall portion 24b of the porous plate unit 23 adjoining the franme
portion 2c with respect to the lateral direction is disposed with a gap from
the frame portion 2c (see FIG 3). The spaces formed of these gaps

comuni catediapndefive m ahs paice QRmE30F3Eo 8 fromlbhe hehfoneh nadlepace of
the housing 2, one air chanber 26 surrounded by the bottomwalls 24a of a

pluralitynef thesousgraaless Wodrsd 23p st het sonf gee fprakac2a amthdmet i« ane
portion 2c is fornmed. That is, the bottomwalls 24a divide the internal 10

space of ,{henhppsbRgrRel BLS EWAnBRAcES abi gned i fe depih dix egid on. This
air chanber 26 communi cates with the above-descri bed space 29. [0074]

Mo j i f th j i d that

o oo s olptdit RS P SRARE (8 pbenOOKSLaR AnBIPRES e e 0T O 25b)

and the bottomwal|l 24a of. the orouiﬁﬁgate unit. 23 and tge bgcéﬂflate 2b.
5 dettonoB5H}e

That 3 s, C2heS Nt WEPHTSoP PP BRP 248D (R THER LT Y e SWaPPEpEFE on of one
porous plate unit 23 divides the internal space of the housing 2 into a 20
pl ural i t§LIePr Sjpdcks 1Al FyREF I9PTHEMRPAABENSN BENERE SUNAEEESOF Ltand sur face
pl ate 2a. The space surrounded by the side wall portion 24b, the bottom wal l
portion P4 fapke eia Paekbprattet 213 ase ¢ingilded thao Lt/ Wot he wastedriedtsh 27 and 28
aligned in the depth direction by the bottomwall 25a. 25[0075]

of the sound to be absorbed, the resonance in the air chambers

6 to 8 is prevented, and as a consequence, sounds readily enter
10 the air chambers 6 to 8 from the through holes of the surface
plate 2a or the flat portions 4a and 5a, so that sound absorption
performance improves.
[0059]
Further, according to the method in which a plurality
15 of porous plate units 3 formed of porous plates are disposed
inside the housing 2, the sound absorbing structure 1 can be
easily manufactured since the method is easy compared with the
case where a plurality of porous plates in a direction facing
the surface plate 2a and a plurality of porous plates in a
20 direction orthogonal to the surface plate are directly placed
on the inner surface of the housing 2.
[0060]
Moreover, by changing the number of porous plate units
3 or by changing some of a plurality of porous plate units 3

25 toporousplateunits formed of porous plates havingadifferent

31



The | arge box 24 and the small box 25 are each forned by bendi ng one porous
plate. For this reason, the bottomwall 24a and the side wall portion 24b,
and the bottomwall 25a and the side wall portion 25b are each integrally
formed. Thereby, 5 the bottomwalls 24a and 25a do not readily vibrate in a
direction orthogonal to the surfaces thereof (the depth direction), so that
t he degradation of sound absorption performance due to vibrations can be
suppressed. [0076] 10As the porous plates constituting the |arge box 24 and
the smal|l box 25, simlar porous plates to those in the first enbodi nent may
be used. hAsetdiamporeus mpthe ds keonsthetatumyabherpbaige doxr2dtandsthe smal |
box 25, porous plates having different aperture ratios, hole dianeters and
pl ate 15othiteknessess raysdt Usedst fQOTIte Thecsaumed ahsorby ngdpistiedure 21
havi ng the above-described structure not only can absorb sounds in the
V'C'n'tYaQEoEHane%%n%H%e1%%%%@%@Ch%% 6 kesPangdieng to the 20 vol umes of the
air chambers 26 to 28 and sounds in the vicinity of the resonance frequency
correspoqggggéto the vol ume of a space which is the aggregate of the air

chanbers 28 aligned in the depth direction but also can absorb sounds
in tﬁ; vicinit% of the resonance fre uenc correseogd to the vol une
oreover, since the por late uni formed only

of a porous plate and, for example, the resinpartitioningwalls
92 to 94 and the like are not used unlike the conventiocnal sound
absorbing structure 901 shown in FIGS. 18A and 18B, material
cost can be reduced, and weight can be reduced.

10 [0062]

Moreover, as described above, the first member 4 and the
second member 5 are each formed by bending one porous plate,
and the flat portions 4a and 5a and the side portions 4b and
5b are each integrated. For this reason, the flat portions

15 4a and 5a do not readily vibrate with respect to a direction
orthogonal to the surface direction thereof (the depth
direction). When the flat portions 4a and 5b vibrate, the
friction between the inner walls of the through holes and air
is decreased, so that sound absorption performance is degraded.

20 In the present embodiment, since the vibrations of the flat
portions 4a and 5a are suppressed, the degradation of sound
absorption performance due to vibrations can be suppressed.
[0063]

Moreover, since the side portions 4b and 5b are disposed

25 so as to surround the flat portions 4a and 5a when viewed from

32



25 of a space which is the aggregate of a plurality of air chanbers 37 27
(or air chanbers 28) aligned in the direction of the surface of the surface
pl ate 2a. Therefore, in the sound absorbing structure 21, the sound
absorption frequency band can be w dened toward the | ow frequency area side
conpared with the 5 case where the side wall portions 24b and 25b are forned
of plate nenbers where no through holes are forned. [0078] Mor eover,
since not only sound absorption is perforned by using the through hol es of
the surface plate 2a and the bottom 10 wal | s 24a and 25a but al so sound
absor pt i bheideper domeed ilyn ahddhesifhgtigrer tivoudla dofidsa efret heugide wal |
portions 24b and 25b, sound absorption efficiency is inproved. [0079]

Mor eover rotthe: keagtgsriofoidhebaind 6bashehe Zntird peribelergi tushkaak, di rection
and in the lateral direction are the sanme as the |engths of the internal

space OftBerBQHﬁbnﬁlgtb”uhH% boﬂgbteghﬁéka@hh%9§'%ﬂg%”@t&%nkhﬁl|atera'
dlrectlon For this reason, the widths of the aif chanber 26 ‘and the air

chanber the Iongltudlnal direction are different fromeach other, 20
and furt er, he positions of both end portions, in the |ongitudinal

direction, of he |r chagb h %7 are dlffe nt from each other. For
this Yeason, s ?n?8PF é §8rg§8gn8 BPESSTFe it &19rits) BtEUTs bet ween
the air chanbers 26 and 27, so that resonance of sounds trayeling 25 in the
| ongi t udihatsdi meot berdispasrd ahra ciafiseps D6inmd 2At3g! 188 norbewadi | y
occur. Thereb sounds easily enter the air chanbers 26 and 27, so that
sound abe@r@Kl@nhpéﬂﬁbKﬁaﬁ@éiKWpp@@@@QOW@ﬂe@OeEbeiﬁurﬁectamb@©¢ Hrection

as in the longitudinal direction, simlareffectsareproducedsi ncet he
That is, a structure may be adopted in which the second member

5 is disposed on the back plate 2b and the second member 4 whose
10 surface plate 2a side is opened is attached to the surface plate
2a side of the second member 5.
[0065]
Moreover, as shown in FIG. 2, the sound absorbing
structure may be providedwith a plurality of porous plate units
15 3' formed of two second members 5 coupled in the depth
direction.
[0066]
Next, a second embodiment of the present invention will
be described with the focus on differences from the first
20 embodiment. Here, elements having the same structure as those
of the first embodiment are denoted by the same reference
numerals and descriptions thereof are omitted as appropriate.
[0067]
In a sound absorbing structure 21 of the second

25 embodiment, although the shape of the porous plate unit 1is
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5 wdths and the positions of both end portions of the air chanbers 26 and
27 are different fromeach other. [0080] Mor eover, since the |arge box
24 and the small box 25 are forned by bending and the porous plate unit 23
has a sinple 10 structure in which the large box 24 and the small box 25 are
nested, they can be easily manufactured. [0081] Mor eover, by repl acing
the large box 24 or the small box 25 with a box having a different length in
the depth direction 15 or replacing it with a box having a different
aperture ratio, the sound absorption characteristic of the sound absorbi ng
st ruct ur eiZfecanthetleasitinp cadjrest edhae adradi hjat @ thehendansed tseser t he

i ke. [0082] 20While the porous plate unit 23 of the present enbodi nent has
a structyreths whirgh theotwechexes 24 and 25 are nested, it nay have a
structure in which three or nore boxes having different I engths in the depth
directionpggg nested. Mreover, it may have a structure in which, for
exanpl e, two or nore boxes 25 are dlsposed so as to be aligned in the

direction of t Xﬁ%&%gcqugE Lg nt ofBb%ES rese2?§%%-£ﬁglégé box624.

[ 0083] i'nventi on w

described with the foc s on dif eren es fro he fir di mrent. Here,
elené%tseWQQFﬁﬁePﬁelgﬁ defr uet g% Q%é%% SEnB2FKr B Eaéﬁb Bl%h%? are

denoted by the sane reference nunerals and descriptions thereof are omtted
as approbﬁlépéneFGOBQ? a small box 25 disposed inside the large box

24 and whose back plate 2b side is opened. The large box 24
and the small box 25 are each fixed to the back plate 2b.
[0069]

10 The large box 24 includes a bottom wall (flat portion)
24a disposed so as to face the surface plate 2a and a side wall
portion (side portion) 24b extending in the depth direction.
The small box 25 includes a bottom wall (flat portion) 25a
disposed so as to face the surface plate 2a and a side wall

15 portion (side portion) 25b extending in the depth direction.
[0070]

The bottom walls 24a and 25a are each parallel to the
surface plate 2a. The side wall portions 24b and 25b each
include two side walls orthogonal in the longitudinal direction

20  and two side walls orthogonal in the lateral direction. The
side wall portions 24b and 25b are disposed so as to surround
the bottom walls 24a and 25a when viewed from the depth
direction, respectively. The bottom walls 24a and 25a are
coupled to the surface plate 2a side end portions of the side

25 wall portions 24b and 25b on the entire perimeters thereof,
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A sound absorbing structure 31 of the third enbodinent 10 is different only
in the shape of the porous plate unit, and the structures other than that
are the sane as those of the first enbodi nent. [0085] As shown in FIG 4A a
porous plate unit 33 of the third 15 enbodi nent includes: two flat portions
33a disposed so as to face the surface plate 2a; and a side portion 33b
extending in the depth direction. [0086] The two flat portions 33a are each
parallel to the surface 20 plate 2a, and are disposed so as to be aligned in
the depth direction. The side portion 33b is disposed so as to surround the
flat porteepscB83aciden vheweidd il e rddpinh 2dior e¢t tas, 1angdet bexf? at

portions 33a are each fixed to the side portion 33b on the entire perineters

t her eof . ;Ther18d de pordian 330 128 boslddasd wa-surhagesoRst hegesathdin the
| ongi tudi nal direction and two surfaces orthogonal in the |ateral

di (i on. _ . . 33p i . : N .
(the. depthoTitRact) Bny 5 S BB Rch TS THS Sart e PR F ot ot Phe o
internal[88§f? of the housing 2 in the depth direction. 5[0087]

5 The length of the large box 24 in the longitudinal
direction is shorter than the length of the internal space of
the housing 2 in the depth direction. The length of the small
box 25 in the depth direction is shorter than the length of
the large box 24 in the depth direction. That is, the lengths

10 of the large box 24 and the small box 25 in the depth direction
are different from each other. While the lengths of the small
box 25 in the longitudinal direction and in the lateral
direction are substantially the same, the large box 24 is
slightly larger. The large box 24 and the small box 25 are

15 nested with the opening sides thereof fixed to the back plate
2b.

[0072]
The side wall portions 24b of the two porous plate units
23 adjoining with respect to the longitudinal direction are
20 disposed with a gap in between. The side wall portion 24b of
the porous plate unit 23 adjoining the frame portion 2c with
respect to the longitudinal direction is disposed with a gap
from the frame portion 2c. The side wall portions 24b of the
two porous plate units 23 adjoining with respect to the lateral

25 direction are disposed with a gap in between, and the side wall
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The two flat portions 33a are each formed of one porous plat
portion 33b is formed of one or nore than one porous plate.

pl ates constituting the flat portions 33a and the side porti
porous plates 10 to those in the first enbodi nent nmay be use
pl ates constituting the flat portions 33a and the side porti
pl ates having different aperture ratios, hole dianeters and
t hi cknesses may be used. [0088] 15The side portion 33b is pr
ni ppi ng portions 33c nipping the two flat portions 33a to su

e. The side

As the porous

on 33b, simlar
d. As the porous
on 33b, porous
pl at e

ovided with two
pport them

respect i pekyiomha4dhi ppi hige poetoonsp BBte arel f of Jrext pf i piarg  ©fe theanpodr ous
pl ate constituting the side portion 33b. The ni pping portions 33c nip the
flat porpbensold3ac o thecypddte t20tper igetens dheseof onAss shiovpodad FI G 4B,

the ni pping portions 33c are fornmed so as to protrude outwar

opposi t eyt pnthe ) 8t opoFte ans:R3aLrcakd pEpdde rend portiens f

d (the side
adde flat

portions 33a by pressing themfrom both sides. The nipping portions 33c are

formed, for. exampl e, by beadi ng.Rart 0Lt he 35 poroys Blate,

side portion ast 0Se contact sur

porti50ns[867§51e

onstituting the
aces of the end

In the internal space of the housing 2, one air chamber

26 surrounded by the bottom walls 24a of a plurality of

porous

plate units 23, the surface plate 2a and the frame portion 2c

is formed. That is, the bottom walls 24a divide the internal

10 space of the housing 2 into two spaces aligned in the depth

direction. This air chamber 26 communicates with the

above-described space 29.
[0074]
Moreover, in the internal space of the housing 2,

15 1is formed that is surrounded by the side wall portion 2

a space

4b (and

the side wall portion 25b) and the bottom wall 24a of the porous

plate unit 23 and the back plate 2b. That is, the side wall

portion 24b (and the side wall portion 25b) of one porous plate

unit 23 divides the internal space of the housing 2

into a

20 plurality of spaces aligned in the direction of the surface

of the surface plate 2a. The space surrounded by the si

de wall

portion 24b, the bottom wall portion 24a and the back plate

2b is divided into two air chambers 27 and 28 aligned
depth direction by the bottom wall 25a.

25 [0075]
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flat portions 33a when the side portion 33b is forned. [0089] The end
portions of the nipping portions 33c abut on the 5 side portion 33b of the
adj oining porous plate unit 33. The nipping portions 33c of the adjoining
two porous plate units 33 are fornmed so as to be different in height
(position in the depth direction). It is desirable that the upper surfaces
(or the lower surfaces) of the nipping portions 33c be forned at 10 a hei ght
that is in contact with the | ower surfaces (or the upper surfaces) of the
adj oi ning ni pping portions 33c. This applies to the nipping portions 33c.
This is becausBhthéasgeengrh 6f andhetimé ppianl port i DhsaB33cexan bermapr oved

t hereby. [0090] 15Si nce the provision of such nipping portions 33c enabl es

the end porsémmbn®fortchpotrbat pokté onFo33ahte beaddrxed Heobbheosi wel porti on
33b without any particular use of nenbers other than porous plates, the

manuf act oy b Ngh ¢ asle afi dehga PPB{%& Praveunpha3gh e edugeds Mgover,
since the side portion 33b 20 is fornmed of an alum numthin plate of

appr oxi ly: O, t | PRI i si | d by the
Pove. deSnEi BT Fatho” [overr> i Ohth 10 s e B ERE A P
portions _33c are for so.,25 as t rof rude out war t he side portions 33c
D Lo RS pEPoCS TNl 15 o 27 uants 255 G Oith nECRLAY Supeet e ot i

| ongi tudi nal direction or the lateral direction are disposed with a gap in
bet ween. AkBPEBYER, AU potPi i B3BUEEAERE FAIVRC I AFcurfery3
adjoining the frame portion 2c with respect to the 5 longitudinal direction
or the |dieeatidniectdonthstdidposedonpdhtaogap r 6atnAe Ty piorn i on 2c.
Mor eover, the spaces forned of these gaps conmunicate with respect to the
di recti opepfothensar lacefowhebeasibheycanebdi gudedelssed .t hree spaces 37 to
39 aligned in the depth direction by the two ni pping portions 1033c. [0092]
In the inpperapl space of the housing 2, one space surrounded by the surface
pl ate 2a, the side portion 33b and the back plate 2b is formed. Further,

thisyspace is givigedsrous plates constituting the large box 24 and
the small box 25, similar porous plates to those in the first
embodiment may be used. As the porous plates constituting the
large box 24 and the small box 25, porous plates having
different aperture ratios, hole diameters and plate
15 thicknesses may be used.
[0077]

The sound absorbing structure 21 having the
above~-described structure not only can absorb sounds in the
vicinity of the resonance frequencies corresponding to the

20 volumes of the air chambers 26 to 28 and sounds in the vicinity
of the resonance frequency corresponding to the volume of a
space which is the aggregate of the air chambers 26 to 28 aligned
in the depth direction but also can absorb sounds in the
vicinity of the resonance frequency corresponding to the volume

25 of a space which is the aggregate of a plurality of air chambers
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15 into three air chanbers 34 to 36 aligned in the depth direction by the
two flat portions 33a. [0093] The sound absorbing structure 31 having the
above-descri bed structure not only can absorb sounds in the 20 vicinity of

t he resonance frequencies corresponding to the volunmes of the air chanbers
34 to 36 and sounds in the vicinity of the resonance frequency correspondi ng
to the volune of a space which is the aggregate of the air chanbers 34 to 36
aligned in the depth direction but also can absorb sounds in the 25 vicinity
of the resonance frequency corresponding to the volunme of a space which is
t he aggr égater efi rachhubalkbt38 ot laionedhamiiéresd 34e ot oni ot chenber§agds or 36)
aligned in the direction of the surface of the surface plate 2a. Therefore,
in the setindhabsarlikng slatet one 3lhetdLosounih abiseorpdund ibegquiency band 5
can be w dened toward the | ow frequency area side conpared with the case

where thetsideupar t21on 836 ksuhar e fpta i at ecgBEhey whawe dyh tBeough
hol es are forned. 094 Mor eover, since not only sound absorption is

Dot or reds4n, yg ditbﬁey&gsor NAES, of e ST EafisapLale; 2a and the flat

portions S0 soun i s performe usin rough

ol es, of cLlg shdg.veh pOSL1 905, 33D, $9UnC, ABSLRUED S11 eLeney s

plate members where no through holes are formed.
[0078]
Moreover, since not only sound absorption is performed
by using the through holes of the surfaceplate 2a and the bottom
10 walls 24a and 25a but also sound absorption is performed by
also using the through holes of the side wall portions 24b and
25b, sound absorption efficiency is improved.
[0079]
Moreover, the lengths of the air chamber 26 in the
15 longitudinal direction and in the lateral direction are the
same as the lengths of the internal space of the housing 2 in
the longitudinal direction and in the lateral direction. For
this reason, the widths of the air chamber 26 and the air chamber
27 in the longitudinal direction are different from each other,
20 and further, the positions of both end portions, in the
longitudinal direction, of the air chambers 26 and 27 are
different from each other. For this reason, sound
interference (sound pressure interference) occurs between the
air chambers 26 and 27, so that resonance of sounds traveling

25 in the longitudinal direction in the air chambers 26 and 27
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[ 0095] 15Mbreover, as described above, the end portions of the flat portions
33a are fixed to the nipping portions 33c. For this reason, the flat
portions 33a do not readily vibrate in a direction orthogonal to the
direction of the surface thereof (the depth direction), so that the
degradati on of sound 20 absorption performance due to vibrations can be
suppressed. [0096] Wiile the nipping portions 33c nip the flat portions 33a
on the entire perineter in the porous plate unit 33 of the present

enbodi ment, the present invention is not limted to 25 this structure. For
exanpl e, dasnshowradn 1l GeccBA,. nTippragy, peotndnsed38Lty nayt e fhenedron a side
portion 133b so as to nip both ends, in the longitudinal direction (or the

| ateral dheeekiren)2c odna bhat qorihnon 333ad [@RVApHEIoh the Bf camencof the
four side surfaces constituting the side portion 133b, the two side surfaces

wher e no;pippLAg Pond.ns e {07 ird and dhe fhatePOrsh onat33a, naye be _
integrally fornmed by bending. Specifically, for exanple, a porous plate unit

133 may hn i ch. h i.n t - f e Cross
section ?%ngggepgggga ypl?%% .b%lﬁgqﬁﬂﬁéﬁééﬁigFé ﬁ%§ sﬁgégﬁgh%%gers 133A
and 3B are _coupled with respect t he depth direction. .-The H shaped

menbet s Y§§§h§n&nfs§§“%r8035520?%rﬁgdkﬁﬁhbéﬁﬁynﬁoﬁﬁéoﬁﬁr8gsq§V%t%l§o t hat
the cross section in the |lateral direction is H shaped. Mreover, for 15
exanpl e, CRapbe&as 2l ahe gri ere3dithgyehE Ad6Pt €8 Chn OWRi®¢h as shown in FI G
50, the shape of the cross section in the lateral direction is a shape where
two Z-shapédOdrenbers 1330 and 133D are coupled with respect to the depth

direction. The Z-shaped nenbers 1330 and 133D are each forned by bendi ng
both end 20 porbreosenf shecpotiveslpratebon Dppmsdtehali srexil dmsx 25

are formed by bending and the porous plate unit 23 has a simple

10  structure in which the large box 24 and the small box 25 are

nested, they can be easily manufactured.
[0081]

Moreover, by replacing the large box 24 or the small box
25 with a box having a different length in the depth direction

156 or replacing it with a box having a different aperture ratio,
the sound absorption characteristic of the sound absorbing
structure 21 can be easily adjusted according to the intended
use or the like.

[0082]

20 While the porous plate unit 23 of the present embodiment
has a structure in which the two boxes 24 and 25 are nested,
it may have a structure in which three or more boxes having
different lengths in the depth direction are nested. Moreover,
it may have a structure in which, for example, two or more boxes

25 are disposed so as tobe aligned in the direction of the surface
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Here, in this case, hardly any gap is formed between porous plate units
adjoining with respect to the lateral direction. [0098] Wi | e

t he ni pping portions 33c forned of a porous plate 25 are used as the neans
for fixing the flat portions 33a to the 45 side portion 33b in the porous
plate unit 33 of the present enbodi ment, the present invention is not
limted to this structure. For exanple, a porous plate unit 33" maybe
adopted in which, as shown in FIG 6, end portions of the flat portions 5
33a are bent and the bent portions are fixed to the side portion 33b by
usi ng ano@dhesi serdgent pdntehéal ikeidp0B888] large boxNedt., a fourth

enbodi nent of the present invention will be described with the focus on

di fferengggghromthe first 10 enbodi nent. Here, el enents having the sane
structure as those of the first enbodi nent are denoted by the sanme reference

nuneral s and dgsgf ! pd ians 4 %%{bgﬁirr%rn% e EB@dpéésé‘H?r%éﬁéﬁon[vQﬁPP] As

shown in FIG 7, a sound absorbing structure 41 of 15 the fourth enbodi nent

i ncl udes;. _a _hqusi. 2 siml t hat _of i e i t; a
pIuraIit?eogeggféggdm@;ﬁyLﬁﬁ%sgﬁépgl?gng%P?%E?hégﬁoggggh |nalf%?$%ction

i nsi the housing 2. [0101] 20The porous plate unit 43 includes: a U shaped
bt ATRRGLEShapd oFe T FLTRBES SREHT o6, FRBE GG i es) Srara)
direction is a U shape whose back plate 2b side is opened; and a U shaped
nenber 48fditBpodéd SitnEMROGImENYS shispedenehd@r byqathe same reference

numerals and descriptions thereof are omitted as appropriate.
[0084]
A sound absorbing structure 31 of the third embodiment
10 1is different only in the shape of the porous plate unit, and
the structures other than that are the same as those of the
first embodiment.
[0085]
As shown in FIG. 4A, a porous plate unit 33 of the third
15 embodiment includes: two flat portions 33a disposed so as to
face the surface plate 2a; and a side portion 33b extending
in the depth direction.
[0086]
The two flat portions 33a are each parallel to the surface
20 plate 2a, and are disposed so as to be aligned in the depth
direction. The side portion 33b is disposed so as to surround
the flat portions 33a when viewed from the depth direction,
and the flat portions 33a are each fixed to the side portion
33b on the entire perimeters thereof. The side portion 33b

25 includes two surfaces orthogonal in the longitudinal direction

40



bei ng substantially simlar to the U shaped nenber 44 and whose 25 length in
the depth direction is shorter than that of the U shaped nenber 44. The two
U-shaped nenbers 44 and 45 are each fixed to the back plate 2b. [0102]

The U shaped nenbers 44 and 45 include flat portions 44a and 45a di sposed so
as to face the surface plate 2a and side portions 44b and 45b extending in
the depth direction, respectively. The side portions 44b and 45b each

i nclude two surfaces orthogonal in the depth direction. The opposing two end
portions of the flat portions 44a and 45a are coupled to 10 the surface

pl at e 2a28fdévengugdrcesnréfogreadi d& Jdrt i o wth GhEea5hon Thel 5% de
portions 44b and 45b of the two U shaped nenbers 44 and 45 constitute the

si de porteongtbfof hehporiois pelratierupidb of the presenionnveritomsi@103] 15The
| ength of the U shaped nenber 44 in the depth direction is shorter than the
| engt h ofthbedépilerdiadecspiace ot fhesbeusi 8l tihe tdaenedapt bhdirecititon. The

| ength of the U-shaped nenber 45 in the depth direction is shorter than the

| engt hof § helh shapednrbepddei & tthe Henthndi 7 a6l ikaB. ¥t h&y:2Qddigyd engt hs of
t he U-shaped nenbers 44 and 45 in the longitudinal direction and in the

| at ergl ﬁbpgg?ion are each substantially the sane, the U shaped nenber 44
are slightly Farger. The U shaped nenber 44 and the U shaped nenber 45 are

nested with t opened..si.des thereof.being fixed to the_back 25 plate 2b.
(g0 T B EhaChSL I A6 AR BEFGS BT e B i 93
o gy utan Lspacl o the hongl Ludinal A pection afe, ¢ sposed, i th & gep

porous plate. As the porous plates constituting the flat
portions 33a and the side portion 33b, similar porous plates

10 to those in the first embodiment may be used. As the porous
plates constituting the flat portions 33a and the side portion
33b, porous plates having different aperture ratios, hole
diameters and plate thicknesses may be used.

[0088]

15 The side portion 33b is provided with two nipping
portions 33c nipping the two flat portions 33a to support them,
respectively. The nipping portions 33c are formed of part of
the porous plate constituting the side portion 33b. The
nipping portions 33c nip the flat portions 33a on the entire

20 perimeters thereof. As shown in FIG. 4B, the nipping portions
33c are formed so as to protrude outward (the side opposite
to the flat portions 33a), and nip the end portions of the flat
portions 33a by pressing them from both sides. The nipping
portions 33c are formed, for example, by bending part of the

25 porous plate constituting the side portion 33b so as to be in
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5 wll be referred to as a space 49. The side portion 44b of the porous
plate unit 43 adjoining the frane portion 2c with respect to the

| ongi tudinal direction is disposed with a gap fromthe frame portion 2c. A
space formed of this gap will be referred to as a space 49a. 10[ 0105]

An air chanber 46 is fornmed of the flat portions 44a of a plurality of
U-shaped nenbers 44, the surface plate 2a and the frame portion 2c (see
FIGS. Ato 10). The air chanber 46 conmuni cates with the above-nenti oned
spaces 49 and 49a. 15 In the internal space of the housing 2, one space
surroundedoby €hetartewpbhtbohh4dqbrandes hef fike @od tpont 4ars ot tHee por ous
plate unit 43 and the back plate 2b is fornmed, and further, this space is
di vi ded ifhto pwwptabnscBambehsnd¥handid8 abirghed iBAbt he deptueddi recti on by
the flat portion 45a. 20[0106] The two U shaped nenbers 44 and 45 are each
formed bypbendi ng one porous plate. For this reason, the flat portion 44a
and the side portion 44b, and the flat portion 45a and the side portion 45b

are each 10t egipe lohd aeedonIhsr &l Rgggﬁgﬁo%%@%tj@%ﬂa Anchgsa do not

readily vibrate in a direction ort o the surfaces thereof (the

depth diregtion)..so that degr.adat.i on_of soqun bsor pti pey.f or mance

Gont b E B Pobei 8 A8 o M A O PP reng Pt Ro Rt 3P, Pethe

constituting.the side gog@;ons 44pb aBd 45h and the flatdgﬁrtions,44a and
% a

45a, si n'FBPIPYrivest pP T P hESe 2PACLRETHEi FEP RABHYUF nehi P fraty be® used. As
the porous plates constituting the side portions 44b and 45b and the fl at
porti ons3 3B BA@ A5 SPeapd@ Peefyi fpbeBlsl higied thapragtiondi RfEh@nt
aperture ratios, hole dianeters and plate thicknesses nay be used.
depth direction). It is desirable that the upper surfaces (or
the lower surfaces) of the nipping portions 33c be formed at
10 a height that is in contact with the lower surfaces (or the
upper surfaces) of the adjoining nipping portions 33c. This
applies to the nipping portions 33c. This is because the
strength of the nipping portions 33¢c can be improved thereby.
[0090]
15 Since the provision of such nipping portions 33c enables
the end portions of the flat portions 33a to be fixed to the
side portion 33b without any particular use of members other
than porous plates, the manufacturing cost of the porous plate
unit 33 can be reduced. Moreover, since the side portion 33b
20 is formed of an aluminum thin plate of approximately 0.1 mm,
the nipping portions 33c can be easily formed by the
above-described method.
[0091]

Moreover, since the nipping portions 33c are formed so

25 as to protrude outward, the side portions 33c of the two porous
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[0108] The sound absorbing structure 41 having the above-described structure
not only can absorb sounds in the 15 vicinity of the resonance frequencies
corresponding to the volunes of the air chanbers 46 to 48 and sounds in the
vicinity of the resonance frequency corresponding to the volune of a space
which is the aggregate of the air chanbers 46 to 48 aligned in the depth
direction but also can absorb sounds in the 20 vicinity of the resonance
frequency corresponding to the volune of a space which is the aggregate of a
plurality of air chanbers 47 (or air chanbers 48) aligned in the direction
of the spifteeudltsheSwdbeenpratelida andrent $padd A9 @rdtitiedspake 49a.
Therefore, in the sound absorbing structure 41, the sound 25 absorption
frequencyibandicanobetve denedatlovardcthenl ane drsagmpentwidthea gadeirconpar ed
with the case where the side portions 44b and 45b are forned of plate
menbers pBeweeAQ i paghe holese aitid @oredon 33b of the porous plate
unit 33 adjoining the frame portion 2c with respect to the
5 longitudinal direction or the lateral direction 1is disposed
with a gap from the frame portion 2c. Moreover, the spaces
formed of these gaps communicate with respect to the direction
of the surface, whereas they are divided into three spaces 37
to 39 aligned in the depth direction by the two nipping portions
10 33c.
[0092]
In the internal space of the housing 2, one space
surrounded by the surface plate 2a, the side portion 33b and
the back plate 2b is formed. Further, this space is divided
15 into three air chambers 34 to 36 aligned in the depth direction
by the two flat portions 33a.
[0093]
The sound absorbing structure 31 having the
above-described structure not only can absorb sounds in the
20 vicinity of the resonance frequencies corresponding to the
volumes of the air chambers 34 to 36 and sounds in the vicinity
of the resonance frequency corresponding to the volume of a
space which is the aggregate of the air chambers 34 to 36 aligned

in the depth direction but also can absorb sounds in the

25 vicinity of the resonance frequency corresponding to the volume
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[ 0109] 5Moreover, since not only sound absorption is performed by using the
t hrough hol es of the surface plate 2a and the flat portions 44a and 45a but
al so sound absorption is performed by using the through holes of the side
portions 44b and 45b, sound absorption efficiency is inproved. 10[0110]
Next, a fifth enbodi nent of the present invention will be described with the
focus on differences fromthe first enbodi nent. Here, elenents having the
sanme structure as those of the first enbodi nent are denoted by the sane
reference 15 nuneral s and descriptions thereof are omtted as appropri ate.
[0111] ©f a spasesHbvE! il FrGadgregadcuntl CabsBrpl hfy th Béfurea™acHs t he
fifth enbodi ment includes: a housing 2 simlar to that of the first

enbodi medt; (@nchiar ghardansy 36f opod usa Jplgrted um tHe20iB8calipgned thet he

| ongi tudi nal direction inside the housing 2. [0112] The porous

pl at e unstirb3ces offorured dyr i phaome2 por olkepkébee, THe porousophd@t e unit
53 includes a flat portion 54, 25 a pair of attachnent portions 56 and a

side porth98rbdngl 8d3tture 31, THge FdAlnd s d OBl Sf £l SPOSEH 188n@s to face
the surface plate 2a. The flat portion 54 is rectangular, and end portions

t her epf d i QQ%@ LN ir [Wola) i irection,
respggtigé#gﬁa%%gebggﬁlporf?gﬂESQ&ﬁggfgg%n% éé?%?égﬁ%?gggggggggwg%% housi ng
2 intot spaces.al igned i.n, the depth,direction, [0114].The pair of

2t t achenbe pores Bhe Eetr & s BRaHTPh YAk FoTeRBe et Fobd e BaME wi th
respect to the lateral direction, of the flat portion 54. The pair of

at t achmeWEepr P ohRr8BIBxF MBS 6f fAEMFFat portion 54 toward the surface
plate 2a side in the depth direction, and further, are formed in a shape
where th&0@Rd! t hereof are bent outward. The portions bent

Moreover, since not only sound absorption is performed

10 by using the through holes of the surface plate 2a and the flat
portions 33a but also sound absorption is performed by using
the through holes of the side wall portions 33b, sound
absorption efficiency is improved.

[0095]

15 Moreover, as described above, the end portions of the
flat portions 33a are fixed to the nipping portions 33c. For
this reason, the flat portions 33a do not readily vibrate in
a direction orthogonal to the direction of the surface thereof
(the depth direction), so that the degradation of sound

20 absorption performance due to vibrations can be suppressed.
[0096]

While the nipping portions 33c nip the flat portions 33a
on the entire perimeter in the porous plate unit 33 of the
present embodiment, the present invention is not limited to

25 this structure. For example, as shown in FIG. 5A, nipping
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15 outward will be referred to as hook portions 56a. The hook portions 56a
are hooked onto the end portion of the frame portion 2c, and the surface
plate 2a is placed thereon. The hook portions 56a are sandw ched between the
end portion of the frame portion 2c and the surface plate 2a, and the
surface 20 plate 2a is fixed to the end portion of the frame portion 2c with
rivets or the like. Thereby, the porous plate unit 53 is fixed to the
housi ng 2. [0115] The side portion 55 includes two side walls
55a coupled 25 to the end portions, opposing with respect to the

| ongi t udppalk ibhs dBBecthbonpeofothedf bat apeidié opobdiomhe33bdeowas | 8o 55a
extend fromthe flat portion 54 toward the surface plate 2a side in the

depth di heptbepn Mhkse terrndsnefi thihe nsiidgivakks cadacraynbel dfegontact with
the surface plate 2a, a slight gap may be 5 fornmed between the surface plate

2a and tﬁg [an§id8fmgllia§5 oJivigde 15hg space between the surface plate
eg%F f 5 g ity

2a and t at portion 54 into a plurality of spaces aligned in the
Iongitudi6§é7girection. While the side walls 55a and the attachnent portion
56 may bé upled together, it is not 10 essential that they be coupled
toget her. [0116] , Moreover, while a gap nmaybe forned between the
oppos? ng si de WAl 55356F Phe&hsdfeirmi HE? wo g sisCpratetuhitd 5% hardly
any gap may be forned therebetween. 12%0117] In the internal space of
t he houskage2pogtplnr dl3Xy dfhaitwehahder susfasasr vineded sy thePsWg f ace
plate 2a and the flat portion 54 and side portion 55 of the porous plate
unit 53 apndtonesaire ¢hanbedrand téer f bamged thyrt he3back peatet&rahndy t he fl at
20 portions 54 of a plurality of porous plate unit 53 are fornmed. [0118] The

porous pkatgedby tehdinid.or spdchy ibandiynNgr one pedus, pl pbecas gentd oned
above. Specifically, after a notch or a
unit 133 may be adopted in which as shown in FIG. 5B, the shape
10 of the cross section in the lateral direction is a shape where
two H-shaped members 133A and 133B are coupled with respect
to the depth direction. The H-shaped members 133A and 133B
are each formed by bending one porous plate so that the cross
section in the lateral direction is H-shaped. Moreover, for
15 example, a porous plate unit 133' may be adopted in which as
shown in FIG. 5C, the shape of the cross section in the lateral
direction is a shape where two Z-shaped members 133C and 133D
are coupled with respect to the depth direction. The Z-shaped
members 133C and 133D are each formed by bending both end
20 portions of one porous plate in opposite directions.
Here, in this case, hardly any gap is formed between porous
plate units adjoining with respect to the lateral direction.
[0098)

While the nipping portions 33c formed of a porous plate

25 are used as the means for fixing the flat portions 33a to the
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cut is forned in the four corners of a rectangul ar porous plate, 25 one
opposi ng end portions of this porous plate are vertically bent so that the
porous plate is U shaped, and further, the end portions thereof are bent
outward. That is, the porous plate is forned into a hat shape. Thereby, a
pair of attachnent portions 56 are forned. Then, the other opposing end
portions 5 of the porous plate are vertically bent toward the side opposite
to the attachnent portions 56 to formthe two side walls 55a and the fl at
portion 54. The attachnment portions 56 may be forned after the side walls
55a are $odeedorf 04193134 05 ntlee tiver crom el atbss orrbi th g3 S tafudthe e Slsdravi ng t he
above-descri bed structure has the side walls 55a fornmed of a porous plate,

it not oshyo&afedbsorthesidsedth theeyt CoNi 1Y afot heikesenaree dHieguenci es
corresponding to the volunes of the air chanbers 57 and 58 and sounds in the

vicinity 5r r i Bg: Vi dHEHOf a
space mhfg u%€§¥%é égg?gggﬁgl%fQ?Eg9§¥Fq%%gﬁigﬁq§7§gngg?%2§§¥$4chanber 58

aligned jn the depth_directi b al so_can. absor qupds,in the vicinity of
e T esonaila e RaeHiy Eart SbSorkn BECLBOF MO0 S T a £ 55 SRAL I th 1 L he

aggregate of the air cha rs 20 57, adj oi ni in the |ongitudinal direction.
Ther 0r§3,aiar’fet %ng(ﬁmﬂtggg%ﬁqﬁ Har’étlPf}ét%?eer%gf?%t%%%é‘&uﬁgd%t%o&rtpﬂ%n
frequency band can be wi dened toward the |ow frequency area side conpared

wi th thedS¥asky vikeiedtae afbespbetr@nst 588 BRe fékfed of a plate member where
no through holes are fornmed. 25[0120] Mor eover, since the hook
portions[®B&a%hre fixed to the end portion of the frame portion 2c together
with the surface plate 2a as descri bed above, the porous plate unit 53 never
noves in the housi hg 2oubkflifodiment Jd¥breaeveresshbcentdrer sonnd ldbsor bi ng
structure 51 is manufactured by an easy nmethod in which the hook portions

S6a of the PosesspelaketHNithedFJRigTRsch hyi beadénge onerpar eus [Hiats are
hooked on the end portion of the frame portion 2c and the 10 surface plate

2a iy plagsiihereon nd fEXefenFRMYAGHELBG G085 e RE o £dugRbe
of the first embodiment are denoted by the same reference
numerals and descriptions thereof are omitted as appropriate.

[0100]
As shown in FIG. 7, a sound absorbing structure 41 of

15 the fourth embodiment includes: a housing 2 similar to that
of the first embodiment; and a plurality of porous plate units
43 aligned in the longitudinal direction inside the housing
2.

[0101]

20 The porous plate unit 43 includes: a U-shaped member 44
whose shape of the cross section orthogonal to the lateral
direction is a U shape whose back plate 2b side is opened; and
a U-shaped member 45 disposed inside the U-shaped member 44,
being substantially similar to the U-shaped member 44 and whose

25 length in the depth direction is shorter than that of the
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[0122] Wiile the two side walls 55a of the side portion 55 extend
fromthe flat portion 54 toward the surface plate 2a side in 15 the porous
plate unit 53 of the present enbodi ment, a porous plate unit 153 may be
adopted in which as shown in FIG 9, two side walls 155a of a side portion
155 extend fromthe flat portion 54 toward the back plate 2b side. [0123]
20Mor eover, a porous plate unit 253 may be adopted in which as shown in FIG
10, one of two side walls 255a of a side portion 255 extends fromthe fl at
portion 54 toward the surface plate 2a side and the other side wall 255a
ext ends Prehaphd fhémbepoffi o5 twandf-tshdreeharknyd za el Rarsd ded 25§ 0124]
Moreover, while the porous plate unit 53 of the present enbodi nent has the
two sideesahl 8ik54a, tbt thaybhakepbaty ohe of the side walls 55a. In this
case, the space in the housing 2 can also be divided into a plurality of
spaces afpgpgd in 5 the longitudinal direction by the side wall 55a. [0125]
Moreover, it 1s not essential that the porous plate unit 53 have the two

Side el l's S50 d b Lhl-s Chney BoweNeL d be pAced Bithe BoUslag £ s not

di vided with respect t ongi tudi nal

Mor eqver w porous plate unit _ma formed by nesti a plurality of
bor s ptad ST PSR G itet GPok SRarStheser R e el on
Thereby, the internal space of the 15 housing 2 can be divided into a

pl ur al i t§PbFLePAcS Rui BRr e c EXFENEREIdelt h tlFr edtP by, direction,

respectively. The side portions 44b and 45b each include two
surfaces orthogonal in the depth direction. The opposing two
end portions of the flat portions 44a and 45a are coupled to

10 the surface plate 2a side end portions of the side portions
44b and 45b. The side portions 44b and 45b of the two U-shaped
members 44 and 45 constitute the side portion of the porous
plate unit of the present invention.

[0103]

15 The length of the U-shaped member 44 in the depth
direction is shorter than the length of the internal space of
the housing 2 in the depth direction. The length of the
U-shaped member 45 in the depth direction is shorter than the
length of the U-shaped member 44 in the depth direction. While

20 the lengths of the U-shaped members 44 and 45 1in the
longitudinal direction and in the lateral direction are each

. substantially the same, the U-shaped member 44 are slightly
larger. The U-shaped member 44 and the U-shaped member 45 are
nested with the opened sides thereof being fixed to the back

25 plate 2b.
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[0127] Next, a sixth enbodi nent of the present invention wll be
described with the focus on differences fromthe first 20 enbodi nent. Here,
el enents having the same structure as those of the first enbodi ment are
denoted by the sanme reference nunerals and descriptions thereof are omtted
as appropriate. [0128] As shown in FIG 11, a sound absorbing
structure 61 of 25 the sixth enbodi nent includes:a housing 62 whose outside
shape 55 is substantially a rectangular parallelepiped; and a plurality of
porous plate units 63 disposed so as to be aligned in the |ongitudinal
directionOilA4fhe housing 62. [0129] 5The housing 62 is provided with the
surface plate 2a forned of a porous plate; a back plate 62b di sposed so as

to face the surhaceigéaperaonantiy b fthanewpopbirens2glbheeneditptegral |y
with the back plate 62b. The back plate 62b has a protrusion 62d protruding

toward thessyhiace Wl ergétpéwetolOChEﬂelcpﬁ@&wémgl6%que%ocllte>q1esa§e convex
portion 62e forméd on the back plate a spacer bl ock 62f pl aced on

the oncayeBaLk g9, f2e. g[agl’%glbyeseggro e UL S%4 S DL NRL, DY

bendi ng one porous or ous p e uni i nc
P68 G et g st o 08 ond g gt g5, [Pl e
the porous plate unit 43 adjoining the frame portion 2c with
respect to the longitudinal direction is disposed with a gap
from the frame portion 2c. A space formed of this gap will
be referred to as a space 49a.
10 [0105]

An air chamber 46 is formed of the flat portions 44a of
a plurality of U-shaped members 44, the surface plate 2a and
the frame portion 2c (see FIGS. 1A to 1C). The air chamber
46 communicates with the above-mentioned spaces 49 and 49%a.

15 In the internal space of the housing 2, one space surrounded
by the side portion 44b and the flat portion 44a of the porous
plate unit 43 and the back plate 2b is formed, and further,
this space is divided into two air chambers 47 and 48 aligned
in the depth direction by the flat portion 45a.

20 [0106]

The two U-shaped members 44 and 45 are each formed by
bending one porous plate. For this reason, the flat portion
44a and the side portion 44b, and the flat portion 45a and the
side portion 45b are each integrally formed. Thereby, the flat

25 portions 44a and 45a do not readily vibrate in a direction

48



plate 2a. The flat portion 64 is rectangular, and end portions 20 thereof
extend in the longitudinal direction and in the depth direction,
respectively. The flat portion 64 divides the internal space of the housing
62 into two spaces aligned in the depth direction. The flat portion 64 is

pl aced on the protrusion 62d. Consequently, the protrusion 62d divides the
25 space between the flat portion 64 and the back plate 62b into two spaces
aligned in the lateral direction. Wile it is necessary for the flat portion
64 only to be placed on the protrusion 62d, it my be fixed with rivets or

the |ikeorkB3324a53The paérsof f £ond atie paift i(@he B6pahedteogptedny o sbe end
portions, opposing with respect to the lateral direction, of the flat

portion 64atTheepathrabacoBhagk QQ&BBOQ§s§§?€¥&§n§eif@ﬂhéﬂéef&@é partion 64
toward the surface plate 2a side in the depth direction. The |length of the

cont act 9EE%EQQ%H 6.10 R gﬁﬁgq%gg@inrection is substantially the sane as

the I eng romthe end of t protrusion 62d to the surface plate 2a, and

t he ends @E ghe contact portions 66 are in contact with the surface plate
2a. As déd¢Pibed above, the ends of the pair of contact portions 66
extending fromthe opposing end portions 15 of the flat portion 64 are in
contatt with the Eif Padeus atates wpeht et irattiporticsnPeatbenfg PPaced on
the protrusion 62d, whereby the porous plate unit 63 is fixed in the housing
6. [0133anTHelshdd P fileh B iiwiudds avd4Skdes vl 1ar 5 ogsupl &te20 to the
end portions, opposing with respect to the |ongitudinal direction, of the
fl at portobonhéde fhetlsd del matl |esnlehhi rexttemdiy be used. As the porous

plates constituting the side portions 44b and 45b and the flat
portions 44a and 45a, respectively, porous plates having
10 different aperture ratios, hole diameters and plate
thicknesses may be used.
[0108]
The sound absorbing structure 41 having the
above-described structure not only can absorb sounds in the
15 vicinity of the resonance frequencies corresponding to the
volumes of the air chambers 46 to 48 and sounds in the vicinity
of the resonance frequency corresponding to the volume of a
space which is the aggregate of the air chambers 46 to 48 aligned
in the depth direction but also can absorb sounds 1in the
20 vicinity of the resonance frequency corresponding to the volume
of a space which is the aggregate of a plurality of air chambers
47 (or air chambers 48) aligned in the direction of the surface
of the surface plate Z2a and the space 49 or the space 4%a.
Therefore, in the sound absorbing structure 41, the sound

25 absorption frequency band can be widened toward the low
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fromthe flat portion 64 toward the surface plate 2a side in the depth
direction. Wile the ends of the side walls 65a may be in contact wth the
surface plate 2a, a slight gap may be 25 formed between the surface plate 2a
and them The side walls 65a divide the space between the surface plate 2a
and the flat portion 64 into a plurality of spaces aligned in the

| ongitudinal direction. Wiile the side walls 65a and the contact portions 66
maybe coupl ed together, it is not essential 5 that they be coupl ed together.
[ 0134] Moreover, while a gap nay be fornmed between the opposing side
wal | s 65&rethuthe yadjreianisigld woonporoers Wl @t etbai tasé3 whraredl thanyigap may be
formed t herebetween. 10[ 0135] In the internal space of the housing 62,

a plural pbyt@bnai ughairerssH7a sair f oune@do by pti Be S ke Phiater Lan@nd the
flat portion 64 and side portion 65 of the porous plate unit 63 and two air

chanberstﬁ§og f f9;surcounded by the back plate 62b, 15 the protrusion 62d
and the flat gortions 64 of a plurality of porous plate unit 63 are forned.

[ 0136] 109 The porous plate unit 63 is formed by bendi ng one porous plate
as nentiéReg 5bove. Specifically, it is fornmed by 20 form ng a notch or a
cut in the four corners of a rectangular gorous Flate and then, vggtically

bendithg the pefPERRVEF/ potRFoHRe 0P R SOBBRoRRS BFRE RO pLagrLorme

by using the through holes of the surface plate 2a and the flat
portions 44a and 45a but also sound absorption is performed
by using the through holes of the side portions 44b and 45b,
sound absorption efficiency is improved.

10 [0110]

Next, a fifth embodiment of the present invention will
be described with the focus on differences from the first
embodiment. Here, elements having the same structure as those
of the first embodiment are denoted by the same reference

15 numerals and descriptions thereof are omitted as appropriate.
[0111]

As shown in FIG. B, a sound absorbing structure 51 of
the fifth embodiment includes: a hcusing 2 similar to that of
the first embodiment; and a plurality of porous plate units

20 53 aligned in the longitudinal direction inside the housing
2.
[0112]

The porous plate unit 53 is formed by bending one porous

plate. The porous plate unit 53 includes a flat portion 54,

25 a pair of attachment portions 56 and a side portion 55.
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Since the sound absorbing structure 61 having the 25 above-descri bed
structure has the side walls 65a forned of a 58 porous plate, it not only
can absorb sounds in the vicinity of the resonance frequencies correspondi ng
to the volumes of the air chanbers 67 to 69 and sounds in the vicinity of

t he resonance frequency corresponding to the volume of a space 5 which is
the aggregate of the air chanber 67 and the air chanber 68 (69) aligned in
the depth direction but also can absorb sounds in the vicinity of the
resonance frequency corresponding to the volune of a space which is the
aggregat €00t 3the air chanbers 67 adjoining in the |ongitudinal direction. 10
Therefore, in the sound absorbing structure 61, the sound absorption

frequency bandrgarrike wbdened 3ovardishest@Wd hequerey-cat Ba Sidesconpar ed
with the case where the side walls 65a are forned of a plate nenber where no

t hrough ?gé?é A e raened, ¢ %%_[r@]i%%] 5%3}8'[ Fec x’é@&)é%k aIdERgtde-Posous plate

unit 63 i xed in the hodsing 62 e en the pair “of contact
portions_g66 _being .in cantact with.the.surface plate 2a with the flat portion
Ba. bei ng"Aracen T 16 o sepubren eoa el BN St A2 Eh The S b obe
plate unit 63 never noves i.n the housing 62. %8139 regver, since the
soun® abdoFBFhYCRt r HECERETEY LY  martl aé%ﬁﬂéd9 thﬂieggydﬁgﬁ i mMShi ch t he
porous plate unit 63 forned by bendi ng one porous plate is placed on the 25
prot r usi oAtePEa hriPadfe Cfuk hadewopt Bi® 22ante fix&sPacses Ré1ippgfelngdrai on 2c,

manuf acturi ng cost can be reduced. [0140]
depth direction.

[0114]
The pair of attachment portions 56 are coupled to the
10 end portions, opposing with respect to the lateral direction,
of the flat portion 54. The pair of attachment portions 56
extend from the flat portion 54 toward the surface plate 2a
side in the depth direction, and further, are formed in a shape
where the end thereof are bent outward. The portions bent
15 outward will be referred to as hook portions 56a. The hook
portions 56a are hooked onto the end portion of the frame
portion 2c, and the surface plate 2a is placed thereon. The
hook portions 56a are sandwiched between the end portion of
the frame portion 2c¢ and the surface plate 2a, and the surface
20 plate 2a is fixed to the end portion of the frame portion 2c
with rivets or the like. Thereby, the porous plate unit 53
is fixed to the housing 2.
[0115]
The side portion 55 includes two side walls 55a coupled

25 to the end portions, opposing with respect to the longitudinal
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While the two side walls 65a extend fromthe flat portion 64 toward the
surface plate 2a side in the porous plate unit 5 63 of the present

enbodi ment, a porous plate 163 may be adopted in which as shown in FIG 12,
two side walls 165a of a side portion 165 extend fromthe flat portion 64
toward the back plate 62b side. Mreover, a porous plate unit may be adopted
in which one of the two side walls extends fromthe flat portion 10 64
toward the surface plate 2a side and the other one extends fromthe fl at
portion 64 toward the back plate 62b side. [0141] Mor eover, while the
por ous pHdatectinioh,68fofh¢ Helgor psenticenbédi Mt shak wheé lswoSsi eetaadll s 65a,

it may have only one 15 of the side walls 65a. In this case, the space in

the housifRgm2t Banf ah s opdet thviFed Jwr@l ahel Bialfiaky pflagpaggssabégned in the
| ongi tudi nal direction by the side wall 65a. [0142] Mor eover, it

I's not esaenidsdn dhate A& POr QUS 18! 8L e UL 020t RS f1A¥e Whe SEdg ROyt ihO” 65.

In this case, however, the space in the housing 2 is not divided wt

ends of PRertus r At a1 Wk e 9% i otntaet “uPtho R SarTabe Sl ate 28,
In 1 H] o EREBSUHE POr DU DIdIE A PL5S &2 (1bd ot ha"ROBSARG"SE By t he
ends of the two side walls 65a being in contact with the surface plate 2a
with the PRl peie G 6B2BE] kh%t‘ﬁq?%g&%ﬁutrﬁécﬁrﬁ%@ﬁgi% anghahe] iy 1
portion 54 into a plurality of spaces aligned in the
longitudinal direction. While the side walls 55a and the
attachment portion 56 may be coupled together, it 1is not
10 essential that they be coupled together.
[0116]
Moreover, while a gap may be formed between the opposing
side walls 55a of the adjoining two porous plate units 53,
hardly any gap may be formed therebetween.
15 [0117]
In the internal space of the housing 2, a plurality of
alr chambers 57 surrounded by the surface plate 2a and the flat
portion 54 and side portion 55 of the porous plate unit 53 and
one air chamber 58 surrounded by the back plate 2b and the flat
20 portions 54 of a plurality of porous plate unit 53 are formed.
[0118]
The porous plate unit 53 is formed by bending one porous
plate as mentioned above. Specifically, after a notch or a

cut is formed in the four corners of a rectangular porous plate,

25 one opposing end portions of this porous plate are vertically
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Next, a seventh enbodi nent of the present invention will be described with
the focus on differences fromthe first enbodi nent. Here, elenents having
the sane structure as those 10 of the first enbodi nent are denoted by the
sane reference nuneral s and descriptions thereof are omtted as appropriate.
[ 01451 As shown in FIG 13, a sound absorbing structure 71 of the
sevent h enbodi nent includes: a housing 2 simlar to that 15 of the first
enbodi ment; and a plurality of porous plate units 73 disposed so as to be
aligned in the longitudinal direction inside the housing 2. [0146]

The porotsnpl avetbattthe psréosnplaby beridtshponed, porousuRohet atehe The
porous plate unit 73 includes a flat portion 74 and a side portion 75.
[0147] Tkedfpattponti hebdofsadespesedosowasdt o frace idhe she faceops at e 2a.
The flat portion 54 is rectangular, and end portions 25 thereof extend in

the | onnggér@ tdrneatiiy anthd snkpe. defidy el r 6G3d OP o rraspecihaed y. The
flat portion 74 divides the internal space of the housing 2 into two spaces

al i gned | - i Lon. ;0148 T i rt | i s two
si de ma|F§r§g§ng§ﬁ%Pé§ f%gﬁﬁg'e#%“%Br%Pgﬁgg“%%g%%?ﬁﬁﬂﬁf§ﬂ5§§§§%%#g§o t he
| ongi tudipal direction, of_the flat rtion 74 and two side walls 75b
couplbd Pb P RH paTR LS GERoarAg LK 11T EHacE TIF ERES G SE%h  ect i on,
of the flat portion 74. The two side walls 75a 10 extend fromthe flat
portion ¥2 tlotaiid 3 HENQRE FRAE A @ 24&CsE 8™ hREneWaept Re dfd £ETi 0 and the
two side walls 75b extend fromthe flat portion 74 toward the back plate 2b
side in 8hd depthlaireerionn TJhe sihm cftidmnargtdrofliehe ¢ deaywdte s 75a in
the depth direction and the length of the side walls 75b

formed after the side walls 55a are formed.

[0119]

10 Since the sound absorbing structure 51 having the
above-described structure has the side walls 55a formed of a
porous plate, it not only can absorb sounds in the vicinity
of the resonance frequencies corresponding to the volumes of
the air chambers 57 and 58 and sounds in the vicinity of the

15 resonance frequency corresponding to the volume of a space
which is the aggregate of the air chamber 57 and the air chamber
58 aligned in the depth direction but also can absorb sounds
in the vicinity of the resonance frequency corresponding to
the volume of a space which is the aggregate of the air chambers

20 57 adjoining in the longitudinal direction. Therefore, in the
sound absorbing structure 51, the sound absorption frequency
band can be widened toward the low frequency area side compared
with the case where the side portions 55a are formed of a plate
member where no through holes are formed.

25 [0120]
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15 in the depth direction (the length of the porous plate unit 73 in the
depth direction) is substantially the sane as the length in the | ongitudinal
direction in the housing 2. Consequently, the ends of the side walls 75a and
75b are in contact with the surface plate 2a and the back plate 2b, 20
respectively, and by this, the porous plate unit 73 is fixed in the housing
2. The side walls 75a divide the space between the surface plate 2a and the
flat portions 74 into a plurality of spaces aligned in the |ongitudinal

direction. [01A31czobbr eovere WL b 930 I DecLoLrd hetueen fhe oppOSi ng

side walls 75a of the adjoinin wo porous plate uni rdly any gap
may be formed therebe en. [0150] In t internal s e _of the_housing 2, a
plurality™ fp%rgf?nc?é\r%%@rgr B¢s %?Bh?f&l Wgteﬁé‘esru?’ggg‘etg?a?%r%c%nd t he
flat portion 74 and side portion 75a of the porous plate unit 73 and one air
chanber P¥2§6r FBuRdedehyT tRRALARRVPL at e 72Prand Rirte | @t ibord iTHET4 and
side walls 75b of a plurality of porous plate unit 73 are forned. 10[0151]
The porousvpkate @hit hp8siisgf @rnmed by bendi ng one porous plate as nentioned
above. Specifically, it is formed by formng a notch in the four corners of

a rect angafian]porous plate and then, vertically bending the peripheral
portions of 15 this porous plate so that the adjoining end portions are

oriented in oppestbeedi rechicentnd Bzl Shpssrb heg saundcabser biing structure
71 having the above-described structure has the side walls 75a fornmed of a

20 porougaRLaLErukbdnN9y AMNk¥sG2e ARSQ fh SAMNGS thi hBEKVASEPLLYs 564
of the porous plate unit 53 formed by bending one porous plate
are hooked on the end portion of the frame porticn 2c and the

10 surface plate 2a 1is placed thereon and fixed, manufacturing
cost can be reduced.
[0122]

While the two side walls 55a of the side portion 55 extend

from the flat portion 54 toward the surface plate 2a side in

15 the porous plate unit 53 of the present embodiment, a porous
plate unit 153 may be adopted in which as shown in FIG. 9, two
side walls 155a of a side portion 155 extend from the flat
portion 54 toward the back plate 2b side.
[0123]

20 Moreover, a porous plate unit 253 may be adopted in which
as shown in FIG. 10, one of two side walls 255a of a side portion
255 extends from the flat portion 54 toward the surface plate
2a side and the other side wall 255a extends from the flat
portion 54 toward the back plate 2b side.

25 [0124]
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of the resonance frequencies corresponding to the volunes of the air
chanbers 76 and 77 and sounds in the vicinity of the resonance frequency
corresponding to the volune of a space which is the aggregate of the air
chanber 76 and the air chanber 25 77 aligned in the depth direction but al so
can absorb sounds in the vicinity of the resonance frequency correspondi ng
to the volune of a space which is the aggregate of the air chanbers 76
adjoining in the longitudinal direction. Therefore, in the sound absorbing
structure 71, the sound absorption frequency 5 band can be w dened toward

the | ow frequemeyecarea, siltel € aapedowst bl &he waste dtherrethbepséslenporti ons
75a are fornmed of a plate nenber where no through holes are fornmed. [0153]

Moreover emBbB¢RehRChREr OHE P8t 814BI fa¥Bsi S5 i xed hay theydO-Aoysing 2 by the
ends of the two side walls 75a being in contact with the surface plate 2a

and the eods, ot the. tyg side wall 5,150 beLng. i SONEAGY WLMLhe: back plate

2b as nentioned above, the porous platée unlt ver noves housi ng

2. [0154] 15Mb ' h d_absor bi truct 71 | factured
by an ealy REURGEE | RE WA ERCE e BOY L B B URIRE 7P A6t et B S ng- one.

porous plate is placed in the housing 2 and the surface plate 2a is fixed to
the f*anehpotPreAtREINAANOLEEFLEPRgPY0ERecahdBeYRéduced. . 20[ 0155] Wil e the

side walls 75a extend toward the surface plate
[0125]

Moreover, it is not essential that the porous plate unit
53 have the two side walls 55a. In this case, however, the
space in the housing 2 is not divided with respect to the
10 longitudinal direction.
[0126]
Moreover, a new porous plate unit may be formed by nesting
a plurality of porous plate units 53 having different lengths
in the depth direction. Thereby, the internal space of the
15 housing 2 can be divided into a plurality of spaces with respect
to the depth direction.
[0127]
Next, a sixth embodiment of the present invention will
be described with the focus on differences from the first
20 embodiment. Here, elements having the same structure as those
of the first embodiment are denoted by the same reference
numerals and descriptions thereof are omitted as appropriate.
[0128]
As shown in FIG. 11, a sound absorbing structure 61 of

25 the sixth embodiment includes: a housing 62 whose outside shape
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2a side and the side walls 75b extend toward the back plate 2b side in the
porous plate unit 73 of the present enbodi nent, a porous plate 173 nay be
adopted in which as shown in FIG 25 14, two side walls 175a opposing with
respect to the |longitudinal direction extend toward the back plate 2b side
and two side walls 175b opposing with respect to the | ongitudinal direction
extend toward the back plate 2a side. In this case, the side walls 175a

di vi de the space between the 5 back plate 2b and the flat portion 74 into a
plurality of spaces aligned in the longitudinal direction. [0156]

Mor eover j sthg fodroiiss 0l Ak erdiidnof3l 0f phhel peespnpeantodd aesitu B 4 he
above-descri bed porous plate unit 173 may 10 be alternately disposed in the

| ongi tudb@a{;ogbﬁg%i%i%f&e dWwusidMb 2d Thekgbyo bhe; spageqbet waen the
surface plate 2a and the flat portion 74 is divided by the side walls 75a of

t he poro . .unkt gtk C .ween-t he back plate 2b and the
flat por?§8§hgﬁgﬁgagi9;588%g§“t25 gﬁgegaggﬁéslgga 15 of the porous plate
unit 173. ig%f?] Next, an ei ghth enbodi nent of the present invention
will be &8 tbed with the focus on differences fromthe first enbodi nent.
Here, elenments having the same structure as those 20 of the first enbodi nent
are denoted byTkpehgapbngebér fcErAvAErEl ¥14Rd thes SR P kA et are
omtted as appropriate. [0158] As shown in FIG 15, a sound absorbing

struct ur €ogtedfof he mimghtsh rdriedi mekacknplatdest2h ApssPagd2ssiad Itar to t hat

face the surface plate 2a; and the frame portion 2c¢ formed
integrally with the back plate 62b. The back plate 62b has
a protrusion 62d protruding toward the surface plate 2a side.
10 The protrusion 62d includes a convex portion 62e formed on the
back plate 62b and a spacer block 62f placed on the concave
portion 62e.
[0130]
The porous plate unit 63 is formed by bending one porous
15 plate. The porous plate unit 63 includes a flat portion 64,
a pair of contact portions 66 and a side portion 65.
[0131]
The flat portion 64 is disposed so as to face the surface
plate 2a. The flat portion 64 is rectangular, and end portions
20 thereof extend in the longitudinal direction and in the depth
direction, respectively. The flat portion 64 divides the
internal space of the housing 62 into two spaces aligned in
the depth direction. The flat portion 64 is placed on the
protrusion 62d. Consequently, the protrusion 62d divides the

256 space between the flat portion 64 and the back plate 62b into
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25 of the first enbodinment; two first porous plates 82 and 83 disposed so
as to face the surface plate 2a in the housing 2; and a plurality of second
porous plates 84 to 86 disposed in a direction orthogonal to the surface
plate 2a in the housing 2. 5[0159] The first porous plates 82 and 83
are each di sposed parallel to the surface plate 2a. The first porous plates
82 and 83 are forned substantially in the sane size as the surface plate 2a.
The plurality of second porous plates 84 to 86 are 10 disposed in a
direction orthogonal to the |ongitudinal direction. [0160] .The i nternal
space oftWﬁeSﬁéG§ﬁn@L2%Q§@ﬁkﬂcﬁhﬁi%@%e¥%¥e€l§ﬁﬁéé§nali@ﬁé&ﬁ|+QFk§depth
direction by the first porous plates 15 82 and 83. The plurality of second
por ous phatess8dvaferdibpofédtbepweennt bé Pnist tporeup lpicrd @2 Hml t he
surface plate 2a, and divide the space between the first porous plate 82 and
t he surfaecet phaien2a2dnt otamplyural fiyeof wath ehasber 8r8thal iilghed in the

| ongi tudinal direction. The plurality of second porous 20 plates 85 are

di sposed petyeen the first porous plate 82 and the first porous plate 83,
and divide the space between the

5 The pair of contact portions 66 are coupled to the end
portions, opposing with respect to the lateral direction, of
the flat portion 64. The pair of contact portions 66 extend
from the flat portion 64 toward the surface plate 2a side in
the depth direction. The length of the contact portions 66

10 in the depth direction is substantially the same as the length
from the end of the protrusion 62d to the surface plate 2a,
and the ends of the contact portions 66 are in contact with
the surface plate 2a. As described above, the ends of the pair
of contact portions 66 extending from the opposing end portions

15 of the flat portion 64 are in contact with the surface plate
2a with the flat portion 64 being placed on the protrusion 62d,
whereby the porous plate unit 63 is fixed in the housing 6.
[0133]

The side portion 65 includes two side walls 65a coupled

20  to the end portions, opposing with respect to the longitudinal
direction, of the flat portion 64. The side walls 65a extend
from the flat portion 64 toward the surface plate 2a side in

the depth direction. While the ends of the side walls 65a may

be in contact with the surface plate 2a, a slight gap may be

25 formed between the surface plate 2a and them. The side walls
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first porous plate 82 and the first porous plate 83 into a plurality of air
chanbers 88 aligned in the longitudinal direction. The plurality of second
porous plates 86 are 25 di sposed between the back plate 2b and the first
porous plate 83, and divide the space between the back plate 2b and the
first porous plate 83 into a plurality of air chanbers 89 aligned in the

| ongitudinal direction. [0161] 5Wiile as a nethod of placing the first
porous plates 82 and 83 and the second porous plates 84 to 86 in the housing
2, for exanple, a nethod is available in which the end portions of the first
porous pkatediBRdande88pand phewsecdritt pordaseppates B angl 8Beafkadirectly
fixed to the frame portion 2c, the present 10 invention is not particularly
limted porthba nedhaichtd 0B62pluralityAsof hedddest pariousdpl ahestid2 and 83
and the second porous plates 84 to 86, porous plates simlar to the ones

constitutbhgitheipanous relatienuni tynd 1ef dhe $idst ygrbadigmntarf ecpsed. As 15
the porous plates constituting the first porous plates 82 and 83 and the

second pALAuscPlAtas A b6 88, ot eapeatiuel seohor ous L ates. hawlng, di {1 erent

aperture rati os, aneters an |'at e nesses may be used. [0163]
20Thgssog§d a?gorb'ng strgctu%e 8% havi ng the above-described structure not
only tan B5orBS¥0lRdSCOPR ?He QSSiHFFy of the resonance frequencies
correspo?gagg]to t he

Moreover, while a gap may be formed between the opposing
side walls 65a of the adjoining two porous plate units 63,
hardly any gap may be formed therebetween.

10 [0135]

In the internal space of the housing 62, a plurality of
air chambers 67 surrounded by the surface plate 2a and the flat
portion 64 and side portion 65 of the porous plate unit 63 and
two air chambers 68 and 69 surrounded by the back plate 62b,

156 the protrusion 62d and the flat portions 64 of a plurality of
porous plate unit 63 are formed.
[0136]
The porous plate unit 63 is formed by bending one porous
plate as mentioned above. Specifically, it is formed by
20 forming a notch or a cut in the four corners of a rectangular
porous plate and then, vertically bending the peripheral
portions of this porous plate.
[0137]
Since the sound absorbing structure 61 having the

25 above-described structure has the side walls 65a formed of a
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vol unes of the air chanbers 87 to 89 and in the vicinity of the resonance
frequency corresponding to the volune of a space 25 which is the aggregate
of the air chanbers 87 to 89 aligned in the depth direction but al so can
absorb sounds in the vicinity of the resonance frequency corresponding to
the volune of a space which is the aggregate of a plurality of air chanbers
87 (or air chanbers 88 and 89) aligned in the direction of the 5 surface of
the surface plate 2a. Therefore, in the sound absorbing structure 81, the
sound absorption frequency band can be wi dened toward the | ow frequency area
si de conparedswpibhttheitasetwhele qhatab srenbessundier en nchd hr bughi hpl es are
formed are used instead of the second porous plates 84 to 86. 10[0164]

Mor eover o £ St i€ er ¥ n Dy SN rRNSY pbirge sicpnpaMOrEednbyvesingsthe through
hol es of the surface plate 2a and the first porous plates 82 and 81 but al so

sound abegeph{ enchamAEELOE TS, Do Usldiced figad hrougll ol e ofy thie -sgeond

porous plates 84 to sound absorption eff|C|ency I's |nproved [ 0165]

Wil e the flrs to e| E enbodlnent have %ee%ed HQ% bove preferred

enbodineﬁ?so%? fﬁe sent i nvention, %Hg sha e %of' % ousrng oﬁ t he

sound. absor bj ructure of the 20 prese venti s not limted to a

rect a’inguW]arC%drsaFf’@laé%ﬂ’i%a EFBE Dafprech ?%e%ﬁip%ngf Rhaif e hl ate 2a
and the back plate 2b may be circular or triangular. [0166]

Mor eover 58al ﬁghsahggmeg iy the dapphediirs Chiiosh difie adfsdpe B a¥Sae cr oss

section orthogonal to the longitudinal direction 68
sounds in the vicinity of the resonance frequency corresponding

to the volume of a space which is the aggregate of the air
chambers 67 adjoining 1in the longitudinal direction.
10 Therefore, in the sound absorbing structure 61, the sound
absorption frequency band can be widened toward the low
frequency area side compared with the case where the side walls
65a are formed of a plate member where no through holes are
formed.
15 [0138]
Moreover, since the porous plate unit 63 is fixed in the
housing 62 by the ends of the pair of contact portions 66 being
in contact with the surface plate 2a with the flat portion 64
being placed on the protrusion 62d as mentioned above, the
20 porous plate unit 63 never moves in the housing 62.
[0139]
Moreover, since the sound absorbing structure 61 1is
manufactured by an easy method in which the porous plate unit
63 formed by bending one porous plate is placed on the

25 protrusion 62d and the surface plate 2a is fixed to the frame
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is a parallelogramas shown in FIG 16. In this case, a triangular gap is
formed between a frane portion 102c of the housing 102 and the side portion
of the porous plate unit 3. The volune of a space 102d forned of this
triangular gap is 5 larger than the volune of the space forned between the
frame portion 2c and the side portion of the porous plate unit in the first
to fourth enbodi nents. For this reason, the rate of increase in sound
absorption frequency band conpared with the case where the side portion is
fornmed of a plate nmenber 10 where no holes are forned is higher than that of
t he soundoabhisonbing stnhudchurtesiok tdostficast beo reidghthl .enbodi ments. That is,
in the case of the housing 102 havi ng such a shape, naking the space 102d
and the apns4ohanbers comunicate with each other is particularly effective
for widening the sound absorption 15 frequency band. [0167] Moreover, while

the flat portipn oL {HecnErous. ph }1% 95 ol e b tSte PERYSortion

pl at esar edi sposedparal l eltothe surface plate 2a in the first to eighth

enbodi mept,s, th be 20 dispased in.a di.recstion sligh inclined from
The surt BéetBary DB NirEtvars o 1% tRacstBetherbroaierotdE diHEs ol ace

unit or the second porous plates are disposed.in t di rection orthogonal to
the surfice theep SERCY ﬁ%nhecnftfoae‘?%fﬁqﬁ BB Ei ﬂgﬁf‘?,y Re3A TRy Be

di sposed in a direction other than 25 the orthogonal direction as long as it
is a direetVvbiachi agerBechi hg Fhe. sbi#fateopfde walls 165a of a side

portion 165 extend from the flat portion 64 toward the back
plate 62b side. Moreover, a porous plate unit may be adopted
in which one of the two side walls extends from the flat portion
10 64 toward the surface plate 2a side and the other one extends
from the flat portion 64 toward the back plate 62b side.
[0141]
Moreover, while the porous plate unit 63 of the present
embodiment has the two side walls 65a, it may have only one
15 of the side walls 65a. In this case, the space in the housing
2 can also be divided into a plurality of spaces aligned in
the longitudinal direction by the side wall 65a.
[0142]
Moreover, it is not essential that the porous plate unit
20 63 have the side portion 65. In this case, however, the space
in the housing 2 is not divided with respect to the longitudinal
direction.
[0143]
Moreover, when the ends of the two side walls 65a are

25 in contact with the surface plate 2a, it is not essential that
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[0168] While the plurality of porous plate units all have the sane
shape in the first to seventh enbodi nents, the present 5 invention is not
limted thereto. For exanple, the plurality of porous plate units nay be
different in the length in the longitudinal direction or in the length in
the lateral direction. [0169] 10Moreover, while the plurality of porous
plate units are disposed two in the lateral direction and six in the

| ongi tudinal direction in the first to third enbodi nents, the nunber of

di sposed units is not limted thereto. For exanple, they may be di sposed one
in the | Gberpkidi péctPohaandopdlEonhand 15e apeoy hdede |Tandgitimigrtedirecti on.
EXAMPLE [ 0170] Next, a concrete exanple of the present invention
will 20 beedqescnidbedate0ddit s ianf exedplrethe sowsith@Esobli tige strrdect ure 801
shown in FIGS. 17A and 17B was made. The sound absorbi ng structure 801 of

the exanptecyast s oyi @ed, i 1 & X RS Pl dbY 18 803 he2 b ddese six
porous plate units 803 were disposed so as to
plate 2a with the flat portion 64 being placed on the protrusion
5 62d.
[0144]

Next, a seventh embodiment of the present invention will
be described with the focus on differences from the first
embodiment. Here, elements having the same structure as those

10 of the first embodiment are denoted by the same reference
numerals and descriptions thereof are omitted as appropriate.
[0145)
As shown in FIG. 13, a sound absorbing structure 71 of
the seventh embodiment includes: a housing 2 similar to that
15 of the first embodiment; and a plurality of porous plate units
73 disposed so as to be aligned in the longitudinal direction
inside the housing 2.
[0146]
The porous plate unit 73 is formed by bending one porous
20 plate. The porous plate unit 73 includes a flat portion 74
and a side portion 75.
[0147]

The flat portion 54 is disposed so as to face the surface

plate 2a. The flat portion 54 is rectangular, and end portions

25 thereof extend in the longitudinal direction and in the depth
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be aligned in the |ongitudinal

direction inside the housing 802. As the

porous plate units 803, porous plates having a simlar structure to that of
the porous plate units 3 of the first enbodi nrent were used. The foll ow ng of

the sound 5 absorbing structure 801 of the exanple are shown in Table 1:
the aperture ratios and the dianeters of the through

pl ate thicknesses,
flat portions 804a and 805a and side portions

hol es of a surface plate 802a,

t he

804b and 805b; and the sizes of air chanbers 806 to 808 and gaps D1 and dl.

10[0172] [Tabl e 1]

RATI O [8§1§$¢{£pn, respectively. The flat portion 74 divides the

10

15

20

25

internal space of the housing 2 into two spaces aligned in the
depth direction.
[0148]

The side portion 75 includes two side walls 75a coupled
to the end portions, opposing with respect to the longitudinal
direction, of the flat portion 74 and two side walls 75b coupled
to the end portions, opposing with respect to the lateral
direction, of the flat portion 74. The two side walls 75a
extend from the flat portion 74 toward the surface plate 2a
side in the depth direction, and the two side walls 75b extend
from the flat portion 74 toward the back plate 2b side in the
depth direction. The sum of the length of the side walls 75a
in the depth direction and the length of the side walls 75b
in the depth direction (the length of the porous plate unit
73 in the depth direction) is substantially the same as the
length in the 1longitudinal direction in the housing 2.
Consequently, the ends of the side walls 75a and 75b are in
contact with the surface plate 2a and the back plate 2b,
respectively, and by this, the porous plate unit 73 is fixed
in the housing 2. The side walls 75a divide the space between
the surface plate 2a and the flat portions 74 into a plurality
of spaces aligned in the longitudinal direction.

[0149)]

Moreover, while a gap may be formed between the opposing
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side walls 75a of the adjoining two porous plate units 73,
hardly any gap may be formed therebetween.
[0150]
In the internal space of the housing 2, a plurality of
5 air chambers 76 surrounded by the surface plate 2a and the flat
portion 74 and side portion 75a of the porous plate unit 73
and one air chamber 77 surrounded by the back plate 72b and
the flat portions 74 and side walls 75b of a plurality of porous
plate unit 73 are formed.
10 [0151]

The porous plate unit 73 is formed by bending one porous
plate as mentioned above. Specifically, it 1is formed by
forming a notch in the four corners of a rectangular porous
plate and then, vertically bending the peripheral portions of

15 this porous plate so that the adjoining end portions are
oriented in opposite directions.
[0152]
Since the sound absorbing structure 71 having the
above-described structure has the side walls 75a formed of a
20 porous plate, it not only can absorb sounds in the vicinity
of the resonance frequencies corresponding to the volumes of
the air chambers 76 and 77 and sounds in the vicinity of the
resonance frequency corresponding to the volume of a space
which is the aggregate of the air chamber 76 and the air chamber

25 77 aligned in the depth direction but also can absorb sounds
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in the vicinity of the resonance frequency corresponding to
the volume of a space which is the aggregate of the air chambers
76adjoiningij1thelongitudinaldirection. Therefore, in the
sound absorbing structure 71, the sound absorption frequency
band can be widened toward the low frequency area side compared
with the case where the side portions 75a are formed of a plate
member where no through holes are formed.

[0153]

Moreover, since the porous plate unit 73 is fixed in the
housing 2 by the ends of the two side walls 75a being in contact
with the surface plate 2a and the ends of the two side walls
75b being in contact with the back plate 2b as mentioned above,
the porous plate unit 73 never moves in the housing 2.
[0154]

Moreover, since the sound absorbing structure 71 is
manufactured by an easy method in which the porous plate unit
73 formed by bending one porous plate is placed in the housing
2 and the surface plate 2a is fixed to the frame portion 2c,
manufacturing cost can be reduced.

[0155]

While the side walls 75a extend toward the surface plate
2a side and the side walls 75b extend toward the back plate
2b side in the porous plate unit 73 of the present embodiment,
a porous plate 173 may be adopted in which as shown in FIG.

14, two side walls 175a opposing with respect to the
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longitudinal direction extend toward the back plate 2b side
and two side walls 175b opposing with respect to the
longitudinal direction extend toward the back plate 2a side.
In this case, the side walls 175a divide the space between the
back plate 2b and the flat portion 74 into a plurality of spaces
aligned in the longitudinal direction.

[0156]

Moreover, the porous plate unit 73 of the present
embodiment and the above-described porous plate unit 173 may
be alternately disposed in the longitudinal direction in the
housing 2. Thereby, the space between the surface plate 2a
and the flat portion 74 is divided by the side walls 75a of
the porous plate unit 73, and the space between the back plate
2b and the flat portion 74 is divided by the side walls 175a
of the porous plate unit 173.

[0157]

Next, an eighth embodiment of the present invention will
be described with the focus on differences from the first
embodiment. Here, elements having the same structure as those
of the first embodiment are denoted by the same reference
numerals and descriptions thereof are omitted as appropriate.
[0158]

As shown in FIG. 15, a sound absorbing structure 81 of
the eighth embodiment includes: a housing 2 similar to that

of the first embodiment; two first porous plates 82 and 83
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disposed so as to face the surface plate 2a in the housing 2;
and a plurality of second porous plates 84 to 86 disposed in
a direction orthogonal to the surface plate 2a in the housing
2.

[0159]

The first porous plates 82 and 83 are each disposed
parallel to the surface plate 2a. The first porous plates 82
and 83 are formed substantially in the same size as the surface
plate 2a. The plurality of second porous plates 84 to 86 are
disposed 1in a direction orthogonal to the 1longitudinal
direction.

[0160]

The internal space of the housing 2 is divided into three
spaces aligned in the depthdirection by the first porous plates
82 and 83. The plurality of second porous plates 84 are
disposed between the first porous plate 82 and the surfaceplate
2a, and divide the space between the first porous plate 82 and
the surface plate 2a into a plurality of air chambers 87 aligned
in the longitudinal direction. The plurality of second porous
plates 85 are disposed between the first porous plate 82 and
the first porous plate 83, and divide the space between the
first porous plate 82 and the first porous plate 83 into a
plurality of air chambers 88 aligned in the longitudinal
direction. The plurality of second porous plates 86 are

disposed between the back plate 2b and the first porous plate
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83, and divide the space between the back plate 2b and the first
porous plate 83 into a plurality of air chambers 89 aligned
in the longitudinal direction.

[0161]

While as a method of placing the first porous plates 82
and 83 and the second porous plates 84 to 86 in the housing
2, for example, a method is available in which the end portions
of the first porous plates 82 and 83 and the second porous plates
84 to 86 are directly fixed to the frame portion 2¢c, the present
invention is not particularly limited to this method.
(0162]

As the first porous plates 82 and 83 and the second porous
plates 84 to 86, porous plates similar to the ones constituting
the porous plate unit 3 of the first embodiment are used. As
the porous plates constituting the first porous plates 82 and
83 and the second porous plates 84 to 86, respectively, porous
plates having different aperture ratios, hole diameters and
plate thicknesses may be used.

[0163]

The sound absorbing structure 81 having the
above-described structure not only can absorb sounds in the
vicinity of the resonance frequencies corresponding to the
volumes of the air chambers 87 to 89 and in the vicinity of
the resonance frequency corresponding to the volume of a space

which is the aggregate of the air chambers 87 to 89 aligned
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in the depth direction but also can absorb sounds in the
Vicinipyoftheresonancefrequencycorrespondingtothevolume
of a space which is the aggregate of a plurality of air chambers
87 (or air chambers 88 and 89) aligned in the direction of the
surface of the surface plate 2a. Therefore, in the sound
absorbing structure 81, the sound absorption frequency band
can be widened toward the low frequency area side compared with
the case where plate members where no through holes are formed
are used 1instead of the second porous plates 84 to 86.
[0164]

Moreover, since not only sound absorption is performed
by using the through holes of the surface plate 2a and the first
porous plates 82 and 81 but also sound absorption is performed
by using the through holes of the second porous plates 84 to
86, sound absorption efficiency is improved.

[0165]

While the first to eighth embodiments have been described
above as preferred embodiments of the present invention, the
shape of the housing 2 of the sound absorbing structure of the
present invention 1is not limited +to a rectangular
parallelepiped. For example, the shape of the surface plate
Z2a and the back plate 2b may be circular or triangular.
[0166]

Moreover, a housing 102 may be adopted in which the shape

of the cross section orthogonal to the longitudinal direction
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is a parallelogram as shown in FIG. 16. In this case, a
triangular gap is formed between a frame portion 102c of the
housing 102 and the side portion of the porous plate unit 3.
The volume of a space 102d formed of this triangular gap is
larger than the volume of the space formed between the frame
portion 2c and the side portion of the porous plate unit in
the first to fourth embodiments. For this reason, the rate
of increase in sound absorption fregquency band compared with
the case where the side portion is formed of a plate member
where no holes are formed is higher than that of the sound
absorbing structures of the first to eighth embodiments. That
is, in the case of the housing 102 having such a shape, making
the space 102d and the air chambers communicate with each other
is particularly effective for widening the sound absorption
frequency band.

[0167]

Moreover, while the flat portion of the porous plate unit
or the first porous plates are disposed parallel to the surface
plate 2a in the first to eighth embodiments, they may be
disposed in a direction slightly inclined from the surface
plate 2a. Moreover, while the side portion of the porous plate
unit or the second porous plates are disposed in the difection
orthogonal to the surface plate 2a in the first to eighth
embodiments, they may be disposed in a direction other than

the orthogonal direction as 1long as it is a direction
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intersecting the surface plate 2a.
[0168]

While the plurality of porous plate units all have the
same shape in the first to seventh embodiments, the present
invention is not limited thereto. For example, the plurality
of porous plate units may be different in the length in the
longitudinal direction or in the 1length 1in the 1lateral
direction.

[0169]

Moreover, while the plurality of porous plate units are
disposed two in the lateral direction and six in the
longitudinal direction in the first to third embodiments, the
number of disposed units is not limited thereto. For example,
they may be disposed one in the lateral direction and more than

one in the longitudinal direction.

EXAMPLE
[0170]

Next, a concrete example of the present invention will
be described.
[0171]

As an example, a sound absorbing structure 801 shown in
FIGS. 17A and 17B was made. The sound absorbing structure 801
of the example was provided with six porous plate units 803,

and these six porous plate units 803 were disposed so as to
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be aligned in the longitudinal direction inside the housing

802.

As the porous plate units 803, porous plates having a

similar structure to that of the porous plate units 3 of the

first embodiment were used.

The following of the sound

absorbing structure 801 of the example are shown in Table 1:

the plate thicknesses, the aperture ratios and the diameters

of the through holes of a surface plate 802a,

flat portions

804a and 80b5a and side portions 804b and 805b; and the sizes

of air chambers 806 to 808 and gaps D1 and dl.

(0172]

[Table 1]

PLATE
THICKN
ESS
{mm]

HOLE
DIAMETER
[mm]

APERTURE
RATIO
[%]

SPACE
THICKNESS
(LENGTH IN

DEPTH
DIRECTION)

(mm]

SPACE WIDTH
(LENGTH IN
LONGITUDINAL
DIRECTION)
[rm]

EXAMPLE

SURFACE
PLATE
802a

0.8

FLAT
PORTION
805a

FLAT
PORTION
804a

AIR
CHAMBER
806

20

290

AIR
CHAMBER
807

20

290

AIR
CHAMBER
808

50

290

SIDE
PORTION
805b
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[0173]

As a comparative example, the conventional sound
absorbing structure 901 shown in FIGS. 18A and 18B was made.
The sound absorbing structure 901 was provided with inside the
housing 902: the porous plates 90 and 91 parallel to the surface
plate 902a of the housing 902; and the plurality of partitioning
walls 92 to 94 extending in the direction orthogonal to the
surface plate 902a. The partitioning walls 92 were disposed
between the surface plate 902a and the porous plate 90, and
divided the space between the surface plate 902a and the porous
plate 90 into the plurality of spaces 95 aligned in the
longitudinal direction. The partitioningwalls 93 and 94 were
disposed between the porous plate 90 and the porous plate 91

and between the porous plate 91 and the back plate 902b,




290 [0173] As a conparative exanple, the conventional sound absorbing
structure 901 shown in FIGS. 18A and 18B was made. 5 The sound absor bi ng
structure 901 was provided with inside the housing 902: the porous plates 90
and 91 parallel to the surface plate 902a of the housing 902; and the
plurality of partitioning walls 92 to 94 extending in the direction
orthogonal to the surface plate 902a. The partitioning walls 92 were

di sposed 10 between the surface plate 902a and t he porous plate 90, and

di vi ded the space between the surface plate 902a and the porous plate 90

i nto therpkpeakivelegf spdces vdsleal itgredpatashe Haoraidtudigral idio eclhé on. The
partitioning walls 93 and 94 were di sposed between the porous plate 90 and

tgggbporOpau@ba&@y%ﬂ%@d@e@ewe% tde HDIPusd phat e ¥l Balgihedbagk plate
| direction, respectively. The followingof the sound absorbing
structure 901 of the comparative example are shown in Table
5 1: theplate thicknesses, the aperture ratios and the diameters
of the through holes of the surface plate 902 and the porous
plates 90 and 91; and the sizes of the air chambers 95 to 97.
[0174] The reverberation room method sound
absorption coefficients, by actual measurement, of the sound
10 absorbing structures 801 and 901 of the example and the
comparative example were measured. The results are shown in
FIG. 19. The vertical axis of FIG. 19 represents the sound
absorption coefficient for the sound from the sound source,
and the horizontal axis represents the 1/3 octave band
15 frequency (Hz).
[0175]

As shown in FIG. 19, although the sound absorption
coefficient of the sound absorbing structure 801 of the example
is substantially the same as that of the sound absorbing

20 structure 901 of the comparative example in the range of 400
Hz to 630 Hz, it 1is improved compared with that of the
comparative example in the other frequency areas. In
particular, the sound absorption coefficient in a low frequency
area of 250 Hz to 315 Hz is improved. Therefore, it is

26 understood that in the sound absorbing structure 801 of the
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respectively, and divided the spaces therebetween into the plurality of
spaces 95 to 97 aligned in the longitudinal direction, respectively. The
foll owi ng of the sound absorbing structure 901 of the conparative exanple
are shown in Table 5 1. the plate thicknesses, the aperture ratios and the
di aneters of the through holes of the surface plate 902 and the porous

pl ates 90 and 91; and the sizes of the air chanbers 95 to 97. [0174] The
reverberati on room nmet hod sound absorption coefficients, by actual

measur ement, of the sound 10 absorbing structures 801 and 901 of the exanple
and the esapalari viehexarphd vidysorriasent edremnencesband adé shiod@ned FI G 109.
The vertical axis of FIG 19 represents the sound absorption coefficient for
t he soundofmpametihewstundhsous cend aradb stdvd imgy | gontiakuari S9Gtkeprésents the 1/3
octave band 15frequency (Hz). [0175] As shown in FIG 19, although
the soundoabseeptivencgaebfiicci ent of the sound absorbing structure 801 of the
exanple is substantially the sane as that of the sound absorbing 20
structure 901 of the conparative exanple in the range of 400 Hz to 630 Hz,

it is inproved conpared with that of the conparative exanple in the other

freqQ§nc%X@EEBiTFbQS§§L;h§gkg%EREQQFsﬁﬁ&%R%E%orption coefficient in a | ow

frequency area o s inproved. Therefore, it is 25
understoig B??t in the sound absorbing structure 801 of the exanple, the
sound abs8tpPion frequency band is w dened conpared with the sound absor bi ng
structure 901 of the conparative exanple. 5 EXPLANATI ON OF THE REFERENCE
NUMERALS [01761, 21, 31y, %h, 31, £1, 5, 681, 78018F0ug0h &P BBZor bi ng
structure 2, 62, 102, 802 housing 102a, 802a surface plate

structure

2, 62, 102, 802 housing
10 2a, 802a surface plate
2b, 62b back plate
2c, 102c frame portion
3, 3', 23, 33, 33', 43, 53, 63, 73, 133, 133", 153, 163,
173, 253, 803 porous plate unit
15 4a, 5a, 24a, 25a, 33a, 44a, 45a, 54, 64, 74, 133a, 804a,
805a flat portion
4b, 5b, 24b, 25b, 33b, 44b, 45b, 55, 65, 75, 133b, 155,
165, 175, 255, 804b, 805b side portion
4 first member
20 5 second member
6-8, 26-28, 34-36, 46-48, 57, 58, 67-79, 76, 77,
87-89, 806-807 air chamber
9, 29, 37-39, 49, 49%a, 102d space
24 large box

25 25 small box
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2b, 62b back plate 2c, 102c frane portion 3, 3, 23, 33, 33", 43, 53,
63, 73, 133, 133", 153, 163, 173, 253, 803 porous plate unit 154a, 5a, 24a,
25a, 33a, 44a, 45a, 54, 64, 74, 133a, 804a, 805a flat portion 4b, 5b,
24b, 25b, 33b, 44b, 45b, 55, 65, 75, 133b, 155, 165, 175, 255, 804b, 805b
side portion 4 first nenber 205 second nenber 6-8, 26-28, 34-36, 46-48, 57,
58, 67-79, 76, 77, 87-89, 806-807 air chanber 9, 29, 37-39, 49, 49a, 102d
space 24 | arge box 2525 small box 33c, 133c, nipping portion 44 U shaped

menber 45 U shaped nenber
33¢c, 133c, nipping portion

44 U-shaped member

45 U-shaped member

56 a pair of attachment portions
5 56a hook portion

62d protrusion

66 a palr of contact portions

82, 83 first porous plate

84-86 second porous plate
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56 a pair of attachnent portions 56a hook portion 62d protrusion 66 a
pair of contact portions 82, 83 first porous plate 84-86 second
porous plate CLAIMS 1. A sound absorbing structure conpri sing:

a housing having a surface plate forned of a porous plate on one
surface; and a plurality of porous plate units di sposed so as
to be aligned in a direction of a surface of the surface plate inside
t he housing, and each fornmed of a porous plate, wherein the porous

pl ate units include: a flat portion disposed so as to
face the surface plate, and dividing an internal space of the housing
into a plurality of spaces aligneddgpaimsdirection orthogonal to the
surface plate; and a side portion coupled to the flat
portion, placed on an inner surface of the housing, extending in a
direction intersecting the surface plate, and dividing the internal

space of the hOLiS_i ng Ang&n?l tgh%ﬁgi’@/ serBFg?ggsco%irg_thggi n the

direction of the 'surface o e surface flat portion

and the side PoLtiQn, Alend M R0L Al ¥aLoLTEL. bt hendieng 806, D gUs

pl at e; a palr of "attachnent portions, I Xxe o end

portions of the flat-_partign, is provided; and each of the
attachnent portions has an edge portion bent toward an external side.

a plurality of pcrous plate units disposed so as to be
aligned in a directicn of a surface of the surface plate inside
the housing, and each formed of a porous plate, wherein

the porous plate units include:

a flat portion disposed so as to face the surface
plate, and dividing an internal space of the housing into a
plurality of spaces aligned in a direction orthogonal to the

surface plate; and

a side portion coupled to the flat portion, placed
on an inner surface of the housing, extending in a direction
intersecting the surface plate, and dividing the internal space
of the housing into a plurality of spaces aligned in the

direction of the surface of the surface plate;

the flat portion and the side portion are integrally
formed by bending one porous plate;

a pair of attachment portions, which is fixed to end
portions of the flat portion, is provided;
and

each of the attachment portions has an edge portion

bent toward an external side.
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The sound absorbing structure according to claim1, wherein

the side portions of the adjoining two porous plate units 10 are

di sposed with a gap in between. 3. The sound absor bi ng
structure according to claim1l, wherein the side portion of the
porous plate unit, adjoining the 15 inner surface of the housing, of
the plurality of porous plate units is disposed with a gap fromthe
i nner surface of the housing. 4. The sound absor bi ng
structure according to claim20 2, wherein t he side portion
has a protrusion protruding toward a side opposite to the flat

por ti on. 2. SrndNSuRAUL ARIAEDLNL SUEUCA S AGEOLE! A1 k0

claim25 | wherei'n at portion and the side portion are
integral l'y, forned shy bendi ng one porous plate. 6. The sound
absor bi ng sfructure according to claim1, wherein an end

portion of the flatsarbbondrs &f XRE sb9ol REnFLHE ROBLE Ylate units 7.
The sound absorbing structure according to claim®6, wherein

the sidg P9£éiéﬁgﬂd%éﬁo&ﬂ€ﬁ ofqd Rargusuddat e, and has a ni ppi ng
portion nipping the end portion of the flat portion while pressing

the end portion fromboth surface sides.
3. The sound absorbing structure according to claim
1, wherein
the side portion of the porous plate unit, adjoining the
15 inner surface of the housing, of the plurality of porous plate
units is disposed with a gap from the inner surface of the

housing.

4. The sound absorbing structure according to claim
20 2, wherein
the side portion has a protrusion protruding toward a

side opposite to the flat portion.

5. The sound absorbing structure according to claim
25 1, wherein
the flat portion and the side portion are integrally

formed by bending one porous plate.

~3
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8. The sound absorbing structure according to claim11, wherein:

the side portion is disposed so as to surround the flat portion when
viewed fromthe direction orthogonal to the surface plate; and

the flat portion is coupled to the side portion on an entire

peri meter thereof. 9. The sound absorbing structure according
to claim8, wherein: the porous plate units have a plurality of boxes
formed of a bottomwall serving as the flat portion and four side
wal | s serving as the side portion; and | engt hs of the
plurality of boxes in the direction orthogonal to the surface plate

diff f h d h
Four i de. val 1501 ¢ nepmar 1957 pe et B e i B hacame,

and the plgrallt 0of boxes are nested with sides of the openings
being in c htac? Wth a surface facing the surface plate of the

housi ng. an end portion of the flat porticn is fixed to the side
portion.
7. The sound absorbing structure according to claim

6, wherein
the side portion is formed of a porous plate, and has
a nipping portion nipping the end portion of the flat portion |

while pressing the end portion from both surface sides,

8. The sound absorbing structure according to claim

1, wherein:
the side portion is disposed so as to surround the flat

portion when viewed from the direction orthogonal te the

surface plate; and |
the flat portion is coupled to the side portion on an

entire perimeter thereof.

9. The sound absorbing structure according to claim

8, wherein:

the porous plate units have a plurality of boxes formed
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of a bottomwall serving as the flat portion and four side walls
serving as the side portiocn; and

lengths of the plurality ©of boxes in the direction
orthogonal to the surface plate are different from each other,
sizes of openings surrounded by the four side walls of the
plurality of boxes are substantially the same, and the
plurality of boxes are nested with sides of the openings being

in contact with a surface facing the surface plate of the

housing.





