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-1- SOUND BS ING *ECHANISM USI NG A POROUS MATERI AL BACKGROUND OF THE

| NVENTI ON d of“the Invention: Thi¢ invention relates to an | mpr ovenent
of a sound absorblng.nechanlsn1to be placed around a noise generating
source or in a propagation path of a noise, and nore partlcularly rel ates
to a sound absorbing: nechanlsn1u5|ng a porouslnaterlal Descrlptlon of the
Prior Art: PRIOR-ART 1. Fig. IS a sectional VIGMIShOMAn e -~
construction of a con@@ﬁypbﬁﬁﬁoggéﬁﬁ MECHANLRY HEEINEnAsHOR 8VﬁgM%Tﬁ§FHL/

por ous naterlal as;a‘first prior art (prlor art 1) and .the figure also has
an expl anat ory di agram f or shomn-'C~ : cSHEr SNMENTEIONut i on of a sound
wave to be input |nto t he sound absorblng plate thereof. In Fig. 44,

ref erence nuner 3 8 : o] such as a wall; and
nuneral 2_designates a sound absorblng plate of a hard -

This invention relates to an improvement of a sound

| absorbing mechanism to be placed around a noise generating
source or in a propagation path of a noise, and more
particularly relates to a sound absorbing wechanism using a
porous material.
Description of the frior Art:
PRIOR ART 1.

Fig. 44 is é sectional view showing the construction
of a conventional sound absorbing mechanism using a hard
poroue material as a first prior art (prior art 1), and the
figure also has an explanatory diagram for showing a sound
pressure distribution of a sound wave to be input into the
sound absorbing plate thereof. 1In Fig. 44, reference
numeral 1 designates a sound insulator such as a wall; and
nuﬁeral 2 designates a sound absorbing plate of a hard
porous material made of plastic particles, a ceramic, foam
metal or the like, for example. Reference numeral 11
designates a back air space of the sound absorbing plate 2;
numeral lla designates the thickness of the back air space
11; numerai 81 designates an input sound; reference
character B designates an average input angle of the input
sound 81; and character A designates a Wavelength of a sound

wave having the highest sound pressure level among the input



porous material nade of plastic particles, a ceramc, foamnetal or the

li ke, for“exanple. Reference nuneral 11 designates a back air space of the
sound absorbing plate 2; nuneral 1la designates the thickness of the back
air space 11; nuneral 81 designates an input sound; reference character
[err] designates an average input angle oR-the input sound 81; and
character X designates a wavel ength of a sound wave havi ng the highest

sound pr ess@oandsy @1 .anmdrg thee explenatory? disguads shbwihg theoexdl anat ory
di agram showi ng a sound pressure distribution, mark + designates the

oper ati on ofpreshirey iptadidiitd o) waaks QUASEsdmatkisnghel aberatiandofark -
desi gnates the operation of negative pressure on the sound absorbing plate

2. Arrows 8poitiSR FREsRAe gl e IR plared 2uayedoRakRt i-ng
on the back air space 11 through the sound absorbing plate 2.
designates the operation of negative pressure on the sound
' absorbing plate 2. Arrows 85 and 86 designate directions of
an input sound wave operating on the back air space 11
through the sound absorbing plate 2.

Next, the operation thereof will be described. The
input sound 81 passes through the sound absorbing plate 2 to
be input into the back air space 11. The sound absorbing
plate 2 has acoustic mass m and acoustic resistance r as the
acoustic characteristics thereof, and the back air space 11
has acoustic capacity ¢ as the acoustic characteristic
thereof. The acoustic equivalent circuit according to the
acoustic characteristics of the sound absorbing plate 2 and
the back air space 11 can be expressed as a series resonance
circuit of r - m - ¢. According to this éeries resonance
circuit, the resonance frequency thereof f, is expressed as
the following formula.

£, = (1 /2m x V(1 /me) ... (1)

When a sound wave having a frequency close to this
resonance-frequency f, is input into the sound absorbing
plate 2, the input impedance observed from the sound source
side becomes minimum. Accordingly, only the acoustic
resistance r of the sound absorbing plate 2 should be

considered. If the acoustic resistance r of the sound



Next, the operation thereof will be described. The input sound 81 passes

t hrough the sound absorbing plate 2 to be input into the back air space 11.

The sound absorbing plate 2 has acoustic nass m and acoustic resistance r
as the acoustic characteristics thereof, and the back air space 11 has
acoustic capacity ¢ as the acoustic charagteristic thereof. The acoustic

equi val ent

circuit according to the acoustic characteristics of the sound

absor bi ng pleddsordiayl gl & ki aittursphde e cawvalmeexlosesed ahea series

resonance c

ircuit of r - m- c. According to this series resonance circuit,

t he resonanchavrieriogt idangriddirid Jp. iss @xPRTsAEvaD £t 2d 1f;0la:0Wouad

formula. [err]

frequency [

I npedance observed fromthe sound source sidé becomes m nimum Accordingly,

only the ac
consi der ed.

Sfdllodity)NRBE diH,0 tHe RAMH Mttt RIRIFE 141 nlte HetRitles
U O o Ry SR OBkl ZeLoublnd
wave having the frequency close to the resonance frequency f,
penetrates into the SOund absorbing mechanism most
efficiently. The peneﬁrated sound wave forces the air
existing in the back air space 11 and having an acoustic
characteristic of acoustic capacity ¢ to vibrate. The
vibrated air goes in and out through gaps in the sound
absorbing plate 2, and the sound wave is transformed into
thermal energy by the acoustic resistance r of the gaps.
That makes it possible to radiate energy. This means that
the energy of the input sound wave was absorbed in the sound
absorbing mechanism, namely sound absorption has been
performed.

In the aforementioned sound absorption mechanism, it
is known that the efficiency of sound absorption is highest
in the case where the input sound 81 is input into the sound
absorption plate 2 perpendicularly. That is to say, in the
case where a sound wave is input perpendicularly, the phase
relation of the sound wave on the top surface of the sound
absorbing plate 2 is equal at any place on the top surface,
and the whole of the.sound absorbing plate 2 and the whole
of the back air space 11 are unified consequently, so that

the effective operation of resonance and sound absorption is:

When a sound wave having a frequency close to this resonance



-3- absorbing plate 2 is tuned to be a value close to the characteristic

| npedance [err] (p: density of air; a: sound velocity) of air, the sound
absorption coefficient becones 1.0 at the resonance frequency [err].
Consequently, the sound wave having the frequency close to the resonance
frequency [err] penetrates into the soundd4absorbi ng nechani sm nost
efficiently. The penetrated sound wave forces the air existing in the back

air space lPeiP¥Redng G thewther drndctide stase sthersoishs dnmpacity ¢
to vibrate. The vibrated air goes in and out through gaps in the sound
absor bi ng plstun®, 8hniks t impwo uimt avavtes | soundredsorteichg lattener medt ener gy by
the acoustic resistance r of the gaps. That nakes it possible to radiate
energy. Thi pemparsdidulathe Bnergly 9fcdidtenimpitipwounywa\e widd aesor bed in

t he sound absorbi ng nmechani snj nanmely sound absorption has been
considered as an ordinary case. As shown in Fig. 44, when a
sound wave having a wavelength A is input into the sound
absorbing plate 2-at an input angle B, a phase difference
having a period'of A / cos(B) of sound pressure distribution
is generatéd on the sound absorbing plate 2. A sound wave
is basically absorbed by utilizing a resonance phenomenon.
But, if a distribution of the strength of sound pressure is
generated along a direction on a surface of the sound
absorbing plate 2, pressures 85 and 86 having reverse
directions to each other operate on the back air space 11,
so that adjoining parts of the back air épace 11 is
acoustically oscillated reversely. Then, pressures are
balanced in the back air space 11, and consequently it
becomes difficuit that air vibrations synchronized with
input sound waves are generated. That is to say, it becomes
difficult that resonance phenomena are generated between the
sound absorbing plate 2 and the back air space 11, so that
sound absorption effect is extremely checked.

PRIOR ART 2.

Fig. 45 is a longitudinal sectional view showing a
sound absorbing mechanism utilizing a sound absorbing
material and a resonance phenomenon by combining them as a

second prior art (prior art 2), which is shown, for example,



perfornmed. In the aforenentioned sound absorption nechanism it is known
that the efficiency of sound absorption is highest in the case where the

i nput sound 81 is input into the sound absorption plate 2 perpendicularly.
That is to say, in the case where a sound wave is input perpendicularly,

t he phase relation of the sound wave on t-5¢ top surface of the sound
absorbing plate 2 is equal at any place on the top surface, and the whole
of the soundmbiapanere Ratent Garette Nehol %6 1316 t/ﬁé%é’cldmmms@@de 4r1 are
uni fied consequently, so that the effective operation of resonance and
sound absorptélav)is Figad-4fed @ rmmindaddvarpitiloer dbhandicttelrd stdge where the
I nput sound 81 is input into the sound absorbing plate 2 not

per pendi cul atiagdam o the esduid) dbyurbiang heediemrilsmvighowke ieordigdenss] as an
"ordinary case. As shown in Fig. 44, when a

In Fig. 45, reference numeral 91 designates a wall; numerals

92 and 93 designate air spaces; numeral 94 designates a

small opening or a slit; numeral 95 designates a nozzle;
numeral 96 designates a porous plate; and numeral 97

designates a sound absorbing material.

Next, the operation thereof will be described. The
aforementioned sound absorbing mechanism of the prior art 2
is provided with a porous plate 96 apart from the wall 91
with the air gpace 92 between. The porous plate 96 has a
large number of small openings or slits 94, which are
provided with nozzles 95 connected to them. Across the
porous plate 96, the sound absorbing material 97 which is
made of a fibrous material or a material made of a large
number of particleé is set over the whole plane at the tips
of the nozzles 95 with the air space 93 between. In this
connection, the air space 92, the small openings or slits 94
and the nozzles 95 comprise sound absorbing mechanisms
utilizing a resonance phenomenon, and the sound absorbing
material 97 and the air spaces 93 comprise sound absorbing
mechanisms utilizing sound absorbing materials. The
aforementioned elements of the sound absorbing mechanisms
utilizing a resonance phenomenon are connected to each other

through the air space 92, and the elements of the sound



sound wave having a wavelength [err] is input into the sound absorbing
plate 2 at an input angle [err], a phase difference having a period of

[err] / [err] of sound pressure distribution is generated on the sound
absorbing plate 2. A sound wave is basically absorbed by utilizing a
resonance phenonmenon. But, if a distributiéen of the strength of sound
pressure is generated along a direction on a surface of the sound absorbing
plate 2, pr @gamé@lr% ngrhagsi sns vty Fiaians saind ahaprding aatierieis are
operate on the back air space 11, so that adjoining parts of the back air
space 11 is comesttiexhltioy exsrh |didiexd thnmergtelbhe Bien sgaces9dr.es are bal anced
In the back air space 11, and consequently it becones difficult that air

vi brations synchroniTied agurd iab@drkEeis) theshises st @ f0eher pirddr Bt 2 halso
say, it becones difficult that resonance phenonena are generated between

the sound abs@idW Y89 tA I EHd¥adiask stiilc g thel buried Nahe 3Uthown

absorption effect is extrenely checked. PRIROR ART 2. Fig. 45 is a

l'ongi tudi naly;58ctd Qi ¢ I BMShANMPIG 8 46. A sound absorption
characteristic of a sound absorbing mechanism utilizing only
a resonance phenomenon is shown with a dotted line (curved
line 2) in Fig. 46, which sound absorbing mechanism has
large sound reduction effects at lower frequencies. A sound
absorption characteristic of a sound absorbing mechanism
utilizing only sound absorbing materials is shown with a
dashed line (curved line 1) in Fig. 46, which sound
absorbing mechanism has large sound reduction effects at
higher frequencies.
PRIOR ART 3.

Fig. 47 is a partially cutaway perspective view
showing the construction of a conventional sound absorbing
mechanism as a third prior art (prior art 3), which utilizes
both the slits and a porous material and is shown, for
example, at pp. 245 - 250 and pp. 351 - 356 of Kenchiku
Onkyo Kogaku Hando Bukku (Architectural Acoustics Handbook)
ed. by Nippon Onkyo Zairyo Kyokai (Japan Acoustical
Materials Association) (Gihodo, Tokyo, 1963). Fig. 48 is a
sound absorption characteristic diagram of the sound

absorbing mechanism shown in Fig. 47. In Fig. 47, reference

numeral 91 designates a wall; numerals 92 and 93 designate



sound absorbi ng nmechanismutilizing a sound absorbing material and a
resonance phenonenon by conbining themas a second prior art (prior art 2),
whi ch is shown, for exanple, i n Japanese Patent Gazette No. 76116 / 1992
(Tokko-Hei 4- 76117). Fig. 46 is a sound absorption characteristic diagram
of the sound absorbi ng nechani smshown ir7Fig. 45. In Fig. 45, reference
nunmeral 91 designates a wall; nunerals 92 and 93 designhate air spaces;
numer al 94 @&t GRAGES /a mERalofhidepignates ia poxoms alateTiadsi gmst es a
nozzl e; nuneral 96 designates a porous plate; and nuneral 97 designates a
sound absor biurpnsdt &9 aesimetes ke sdpdr atliadme .t hereof will be descri bed.
The af orenenti oned sound absorbi ng nechani smof the prior art 2 is provided

with a porous platenNktgpate iopeBationdher@binwiinit be descihided.92The
bet ween. The porous plate 96 has a | arge nunber of small openings or slits
94, which arfForementioned sound absorbing mechanism of the prior art 3,
~which uses a structure utilizing slits and a porous
material, raises the sound absorption characteristics of the
porous material 98 and the air space 92 by means of the
resonance phenomena of the slit plates 99 and the air spaces
93. As shown in Fig. 48, the raised sound absorption
characteristics are particularly effective at lower
frequencies around 200 to 500 Hz due to the resonance’
phenomena at the slit parts.
Since the sound absorbing mechanism of the prior art
1 is constructed as mentioned above, the resonance frequency
f, is determined in accordance with the thickness 1la of the
back air space 11 if the sound absorbing plate 2 is
specified. The sound absorption coefficient becomes maximum
at the resonance frequency f,, and the sound absorption
characteristic has large values in a narrow frequency band
with the resonance frequency £, as a 1/3 octave band center
‘frequency. . Since some sound pressure distributions are
generated in some directions on the sound absorbing plate 2
when sound waves are input into the sound absorbing plate 2
at angles other than a right angle, the prior art 2 has a

problem that the interference of input sound waves is

generated at some frequencies according to phase differences



provided with nozzles 95 connected to them Across the porous plate 96, the
sound absorbing material 97 which is nmade of a fibrous material or a

mat eri al nade of a | arge nunber of particles is set over the whole plane at
the tips of the nozzles 95 with the air space 93 between. In this
connection, the air space 92, the small ofnings or slits 94 and the
nozzl es 95 conprise sound absorbi ng nechanisns utilizing a resonance
phenomenon, tmdorirg sajbvort dberpeduchierrofltisy souhd rebsorptsizees 93
conpri se sound absorbi ng nechani sns utilizing sound absorbing materials.
The af or emrentoafieitcdmwoent s of the sound absorbi ng nmechanisns utilizing a
resonance phenonenon are connected to each other through the air space 92,

and the el ements of gireces il sourihldd g e GEiHA1Ren! I0f ItHd HrEUindhirt
absorbing materials are connected to each other through the air space 93.

The sound abgofdidchsericred RO mdMeiddPradve sdd%hat a sound
absorbing mechanism utilizing a resonance phenoménon to be
generated by elements connected to each other and a sound
absorbing mechanism utilizing sound absorbing materials
connected to each other are combined to absorb sound waves,
the prior art 2 has problems that some sound pressure
distributions are generated in.some directions on the sound
absorbing material 97 when sound waves are input into the
sound absorbing material 97 at angles other than a right
angle gimilarly in the prior art 1, so that the interference
of input sound waves is generated at some frequencies
according to phase differences to bring about the reduction
of the sound absorption coefficients at lower frequencies as
shown in, for example, Fig. 46.

The sound absorbing mechanism of the prior art 3,
which utilizes slits and a porous material, has a problem
that the sound absorption coefficients at lower frequencies
around 200 Hz to 500 Hz are large due to sound resonance
phenomena at the slits but the sound absorption coefficients
at higher frequencies more than 500 Hz are small.

SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of the

present invention to provide a sound absorbing mechanism



a sound absorption characteristic of the curved line 3 shown with a solid
line in Fig. 46. A sound absorption characteristic of a sound absorbi ng
mechani smutilizing only a resonance phenonenon is shown with a dotted |ine
(curved line 2).in Fig. 46, which sound absorbi ng nechani sm has | arge sound
reduction effects at |ower frequencies. Agssound absorption characteristic
of a sound absorbing nmechanismutilizing only sound absorbing materials is
shown wi t h aisiaghed pormug mateadidl nhildh imdieg. sup@grivt dowrlind absor bi ng
mechani sm has | arge sound reduction effects at higher frequencies. PRI OR

ART 3. Fig. dbesorptaigmrdhatddtatisiny feins [Ifidy £ reigrdias o Hikther
construction of a conventional sound absorbing nechanismas a third prior

art (prior aftelendMBe ot fdimsy KHdk tdier ddddesinith asxgﬁéf&ttiﬂ@wni@r@nd
is shown, for exanple, at pp. 245 - 250 and pp. 351 - 356 of Kenchi ku Onkyo

Hogaku Hand%@l%ﬁ{g%@&ug@fswtﬂ&ﬁwm&ed- by Ni ppon Onkyo
yo Kyokal (Japan Acoustl ca

It ié another object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
reflecting members in front of a sound absorbing plate.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
reflecting members in front of a sound absorbing plate and
equipping a protecting plate having an opening.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
sound absorbers composed of a thin plate of a porous
material and a hollow member in front of a sound absorbing
plate.

It is a further object of\the present invention to
provide a sound absorbing mechanism using a porous material

which has a superior sound absorption characteristic from

lower frequencies to higher frequencies by disposing plural



Mat eri al s Associ ation) (G hodo, Tokyo, 1963). Fig. 48 is a sound absorption
characteristic diagramof the sound absorbi ng nmechani sm shown in Fig. 47.
In Fig. 47, reference nuneral 91 designates a wall; nunerals 92 and 93

desi gnat e -7- air spaces; nunmeral 98 designates a porous naterial; and
nuneral 99 designates a slit plate. Next-10khe operation thereof will be
descri bed. The af orenenti oned sound absorbi ng mechani smof the prior art 3,
whi ch uses sseundcabgerbersi rhick|are compesgbraisa mitisr iplate afSes t he
sound absorption characteristics of the porous naterial 98 and the air
space 92 by pmamss ahai dénei sk sand ne chgulibow msmwbed, tdred & igrqiedtaindg Dlate t he
air spaces 93. As shown in Fig. 48, the raised sound absorption

char act er i Sthimg capadpéningriy BESREtoF & adodmiveibdddsiuan @l ar ound 200

to 500 Hz due to the resonance
' It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing plate of a porous material and equipping plural
reflecting members.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lowér frequencies to higher frequencies by disposing a
protecting plate having an opening in front of reflecting
members.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristics from
lower frequencies to higher frequencies by forming a sound
absorbing plate of a porous material and equipping plural
sound absorbers made of a thin plate of a porous material
and a hollow member.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from

lower frequencies to higher frequencies by disposing a



phenonena at the slit parts. Since the sound absorbing nechanls ““Relm*d
prior art 1 is constructed as nenti oned above, the resonance frmt J”l”m
[err] is determined’in accordance with the thickness 1la of the

space 11 if the sound absorbing plate 2 is specified. The sound absorption
coefficient beconmes maxi num at the resonamge frequency [err] and the sound
absorption characteristic has |large values in a narrow frequency band with

t he resonancerétequingyplate] having 1413 opéerimg bamdfxemt esf fplgreehcyoursi nce

sonme sound pressure distributions are generated in sonme directions on the

sound absor balbgopbetre.2 when sound waves are input into the sound absorbing
plate 2 at angles other than a right angle, the prior art 2 has a problem

that the interference ofgiapflirciebyfaE@s o5 Qe grdfchiti s fdequenci es
according to phase differences - 8-

provide a sound absorbing mechanism using a porous material

which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing plate made by welding plastic particles partially.

It ig a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing panel by equipping a sound insulating plate at the
back of a sound absorbing mechanism.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by equipping a third
hollow member for forming a second resonator having a third
back air space in each inside of first hollow members.

According to the first aspect of the present
invention, for achieving the above-mentioned objects, there .
is provided a sound absorbing mechanism using a porous
material which sound absorbing mechanism supports a sound
absorbing plate made of a thin plate of a porous material
above a sound insulator, forms separated plural first back

air spaces by'separating a space between the sound absorbing
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to bring about the reduction of the sound absorption coeff|C|enﬂhs§k&@§s he
sound absorbi ng nechanism of the prior art 2 is constructed as ee‘}i}“’[’ﬁﬂ

above so that a sound absorbing nechanismutilizing a resonance
to be generated by el enents connected to each other and a sound a
mechani smutilizing sound absorbing materi2ats connected to each other are
conbi ned to absorb sound waves, the prior art 2 has problens that sone
sound press@lat# @and he Fnungd drngpanatand and fomadia dristngemenatersound
absorbing material 97 when sound waves are input into the sound absorbing
material 97 hevinglesatdmet bdwn air igpaceang esilmfiardty backt ke mprapacer t
1, so that the interference of input sound waves is generated at some

frequenci es accordi ngs tet: b alibvd,e e epund Ribsed bkl meldhini et tigigry of
t he sound absorption coefficients at | ower frequencies as shown in, for

exampl e, Fl & ghfodduuinth ARRIGIIRGTRAI NS B ibfot! RRpUdO0RAhe?. Wi cf

utilizes slits and a porous nateri al a prob
present invention improves the sound absorption

‘%

characteristic thereof by separating the sound absorbing
function thereof by means of the first resonators having a
second back air space which resonators are formed in each
separated plural first back air space formed by separating
the space between the sound absorbing plate and the sound
insulator, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic f£rom lower
frequencies to higher frequencies can be obtained.

According to the second aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous matefial which sound absorbing mechanism
comprises plural reflecting members disposed in front of a
sound absorbing plate with a space from the sound absorbing
plate.

As stated above, the sound absorbing mechanism using
a porous material according to the second aspect of thé
present invention makes it easy to bring about a resonance
phenomenon and improves the sound absorbing performance
thereof by comprising plural reflecting members disposed in
front of a sound absorbing plate with a space from the sound

absorbing plate, and consequently, a sound absorbing



t hat the sound absorption coefficients at |ower frequencies around 200 Hz
to 500 Hz are | arge due to sound resonance phenonena at the slits but the
sound absorption coefficients at higher frequencies nore than 500 Hz are
smal | . SUMVARY OF THE I NVENTION In view of the foregoing, it is an object
of the present invention to provide a soupsg-absorbi ng nechani sm -9-
using a porous material which has a superior sound absorption

char act er i stmexcHaromgm dveering ey umrme ot edinghebsomuient idaracterimttg: back
air spaces in supporting nenbers and form ng resonators with hol | ow

menbers. |t fromrdwer Dig@dneied oo MRARY fraqundied egi ®4 de a sound
absor bi ng nmechani smusing a porous material which has a superior sound

absorption duyaaiey] stic fron1|omer frequenci es to higher frequenC|es by
di sposi ng pl ural

According to the third aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural reflectihg members disposed in front of a
sound absorbing plate with a space from the sound absorbing
plate, and a protecting plate disposed in front of the
reflecting members for fixing the reflecting members which
protecting plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the third aspect of the
present invention improves the sound absorbing performance
thereof by comprising plural reflecting members disposed in
front of a sound absorbing plate with a space from the sound
absorbing plate and a protecting plate disposed in front of
the reflecting members which protecting plate has an
6pening, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

According to the fourth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural sound absorbers composed of a thin plate of

a porous material and a second hollow member, which sound



reflecting nenbers in front of a sound absorbing plate. It is a further

obj ect of the present invention to provide a sound absorbi ng nechani sm
using a porous material which has a superior sound absorption
characteristic from|ower frequencies to higher frequencies by disposing
plural reflecting nenbers in front of a smand absorbing plate and equi ppi ng
a protecting plate having an opening. It is a further object of the present
i nvention t ahsoxbeis caxeudispdsed bimgtrenth ol smamind) abgmrkeiusy mEtadre al

whi ch has a superior sound absorption characteristic fromlower frequencies

to higher fneigierei®sady firaposhegeqpind aabsarlichgskatder s conposed of a
thin plate of a porous nmaterial and a holl ow nenber in front of a sound

absorbing plate. It As stdidd owd) ae Podd® ABRHVilng MEIHAEB QidiRyi de
a sound absorbi ng mechani smusing a porous nmaterial which has a superior

o Aeney oo, P SR PR BELEL fodoRILAG RS SHEHBI gt U e
present invention improves the sound absorbing performance
thereof by comprising plural sound absorbers composed of a
thin plate of a porous material and a second hollow member,
which sound absorbers are disposed in front of a sound
absorbing plate with a space from the sound absorbing plate,
and consequently, a sound absorbing mechanism having a
‘supérior sound absorption characteristic lower frequencies
to higher frequencies can be obtained.

According to the fifth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural sound absorbers composed of a thin plate of
a porous material and a sécond hollow member, which sound
absorbers are disposed in front of a sound absorbing plate
with a space from the sound absorbing plate, and a
protecting plate disposed in front of the sound absorbers
for fixing the sound absorbers, which protecting plate has
an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the fifth aspect of the

present invention improves the sound absorbing performance

thereof by comprising plural sound absorbers composed of a



-10- sound absorbers, which are conposed of a thin plate of a porous

mat eri al and a hol |l ow nenber, and a protecting plate having an opening in
front of a sound absorbing plate. It is a further object of the present

i nvention to provide a sound absorbing mechani smusing a porous nateri al

whi ch has a superior sound absorption chargeteristic fromlower frequencies
to higher frequencies by form ng a sound absorbing plate of a porous

mat eri al andckipiphity of @ dboredis crateniak et sthe tsecpnd fhoklwr obj ect of
the present invention to provide a sound absorbi ng nmechani sm using a porous
mat eri al whimdmibes, awlsiqler sound caivsbriscs pdire nd dersed ein sirant rafind ower
frequencies to higher frequencies by disposing a protecting plate having an
openi ng i n fgomd dbseibied | PLat@ et . a | dpade af Foni tiid et takortthitng

present invention to _
plate, and a protecting plate disposed in front of the sound
absorbers, which protecting plate has an opening, and
consequently, a sound abSorbiﬁg mechanism having a superior
sound absorption characteristic from lower frequencies to
higher frequencies can be obtained.

According to the sixth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a sound absorbing plate made of a thin plate of a
porous material and disposed above a gsound insulator with a
back air space between, and plural reflecting members
disposed in front of the sound absorbing plate with a space
from the sound absorbing plate.

As stated above, the sound absorbing mechanism using
a porous material according to the sixth aspect of the
present invention improves the sound absorbing coefficients
thereof at higher frequencies by comprising a sound
absorbing plate made of a thin plate of a porous material
and disposed above a sound insulator with a back air space
between, and plural reflecting members disposed in front of
the sound absorbing plate with a space from the sound
absorbing plate, and consequently, a sound absorbing

mechanism having a superior sound absorption characteristic



provi de a sound absorbi ng mechani smusing a porous material which has a
superior sound absorption characteristics fromlower frequencies to higher
frequencies by form ng a sound absorbing plate of a porous material and
equi ppi ng plural sound absorbers nmade of a thin plate of a porous materi al
and a hollow nenber. It is a further objetré-of the present invention to
provi de a sound absorbi ng nmechani smusing a porous material which has a
superi or soufrbmabswrgx | requencic e rtics thigheniteypmndiresywencibes t o hi gher
frequenci es by disposing a Substitute sheet - 12 August 1996 - 11 -
protecting pettaeiredi ng an opening in front of plural sound absorbers. It
Is a further object of the present invention to provide a sound absorbing

mechani sm usi ng a pEdBtrdibiceticalchehigdvdinh aspaty icF tHeuUpd-edes® ption

characteristic fromlower frequencies to higher frequencies by
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a protecting plate disposed in front of reflecting
members for fixing the reflecting members, which protecting
plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the seventh aspect of the
-present invention improves the sound absorbing performance
thereof by comprising a protecting plate disposed in front
of reflecting members, which protecting plate has an
opening, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

According to the eighth aspect of the preseht
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a sound absorbing plate made of a thin plate of a
porous material and disposed above a sound insulator such as
a wall with a back air space between and plural sound
absorbers composed of a thin plate of a porous material and
a hollow member, which sound absorbers are disposed in front
of the sound absorbing plate with a space from the sound

absorbing plate.



form ng a sound absorbing plate nade by wel ding plastic particles
partially. It is a further object of the present invention to provide a
sound absorbi ng nechani smusing a porous material which has a superior
sound absorption characteristic fromlower frequencies to higher
frequencies by form ng a sound absorbi ng-panel by equi pping a sound

I nsulating plate at the back of a sound absorbing nmechanism It is a
further object of tHHe mtedad aboment itde tsound ebderbingumechbsdsh mging
mechani sm using a porous material which has a superior sound absorption
charact eri std pdrous Ineavtssr fale gosmding cditdizele ightdl @aspeet l)f et ppi ng a
second hol |l ow nenber for formng a third resonator having a third back air

space in eagvdguitlel pfedtic grcmsTRIERE ifounts eedirtd rid JrimaHceaspect
of the present invention, for achieving the above-mentioned objects, there

i's provided g,e38¥ abwéﬁa&ﬂgemwﬁmé&ﬂw Do RARLSs dslg WE ¢h sound

absor bi ng nechanlsn1supports a sound absorbi ng plate ma f athin plate
of a porous Jiphe Qﬁ% UL 1310 em 1 %Qﬁ‘h%ﬂ& &Pl @ro rSt
resonat ors havi n&hfl rst back air spaces respec el'y by separating a

bet ween t he osfo%ndso%l%sé) £

sé&blng plate with a space from the sound
absorbing plate, and consequently, a sound absorbing
mechanism having a superior sound absorption characteristic
from lower frequencies to higher frequencies can be
obtained.

According to the ninth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a protecting plate disposed in front of plural
sound absorbers for fixing the sound absorbers, which
protecting plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the ninth aspect of the
present invention improves the sound absorbing performance
thefeof'by disposing a protecting plate hawving an opening in
front of a plural sound absorbers, and consequently, a sound
absorbing mechanism having a superior sound absorption
characteristic from lower frequencies to higher frequencies
can be obtained.

According to the tenth aspect of the present

invention, there is provided a sound absorbing mechanism



REPLACEMENT SHEET Substitute sheet - 12 August 1996 - 12 - plate and the
sound insulator, and forns a second resonator having a second back air
space in each first back air space. As stated above, the sound absorbing
mechani sm using a porous material according to the first aspect of the
present invention inproves the sound absexgtion characteristic thereof by
separating the sound absorbing function thereof by neans of the first
resonat ors h&ing aa pserersl nedekrial igpatd obhiscinde sbsatcbringa mechamnieth ian
each separated plural first back air space fornmed by separating the space
bet ween t he st aAdsardiineg pileadee ianchadee Iyowed dimguipdtaeticapdrticles
consequently, a sound absorbi ng nechani sm having a superior sound
absorption glatdeilart.stic fromlower frequencies to higher frequencies can
be obtai ned. According to the second aspect of the present invention, there

i's provided a sound agbgRiRidad fHRRANEHY WG abRerBYfigTREehhal sthehing
a porous material according to the tenth aspect of the
present invention uses a sound absorbing plate made by
welding plastic particles partially, and consequently, a
sound absorbing mechanism having a superior sound absorption
characteristic from lower frequencies to higher frequencies
can be obtained.

According to the eleventh aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism is
formed as a sound absorbing panel by equipping a sound
insulating plate corresponding to a_sound insulator at a
back of a sound absorbing mechanism.

As stated above, the sound absorbing mechanism uéing
a porous material according to the eleventh aspect of the
present invention is formed as a sound absorbing panel by
equipping a sound insulating plate corresponding to a sound
insulator at the back of a sound absorbing mechanism, and
consequently, a sound absorbing mechanism having a superior
sound absorption characteristic from lower frequencies to
higher frequencies can be obtained.

According to the twelfth aspect of the present

invention, there is provided a sound absorbing mechanism



sound absorbi ng mechani sm conprises plural reflecting nenber ﬂgTé Been Replac
front of a sound absorbing plate with a space fromthe sound o)

pl ate. As stated above, the sound absorbi ng nechani sm using a por

material according to the second aspect of the present invention nekes

easy to bring about a resonance phenonengk®-and i nproves the sound absorblng
performance thereof by conprising plural reflecting menbers disposed in
front of a ¥GINY SPOUFUL Materdal whighs sevads abscrbdngomsghapdsmbi ng

pl ate, and consequently, a sound absorbi ng REPLACEMENT SHEET - 13-

mechani sm haompg ismesu ge tihdirds duid cab sembiero if ixledr &ot ar batkc offr amsbowelr
frequencies to higher frequencies can be obtained. According to the third

aspect of tk&goréderi platentioan foritdng ias spicoviddeesanstuwid habkiagbiang
nmechani sm

third back air space separated from a second back air space
in each inside of first hollow members.

As stated above, the sound absorbing mechanism using
a porous material according to the twelfth aspect of the
present invention comprises a third hollow member for
forming a second resonator having a third back air space,
and consequently, a sound absorbiﬁg mechanism having a
superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

The above and further objects and novel features of
the present invention will more fully appear from the
following detailed description when the same is read in
conﬁection with the accompanying drawings. It is to be
expressly understood, however, that the drawings are for
purpose of illustration only and are not intended as a
definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 1 of the present
invention;

Fig. 2 is a longitudinal sectional view showing the

construction of a sound absorbing mechanism using a porous



using a porous material which sound absorbi ng mechani sm conprises plural
reflecting nmenbers disposed in front of a sound absorbing plate with a
space fromthe sound absorbing plate, and a protecting plate disposed in
front of the reflecting nenbers for fixing the reflecting nenbers which
protecting plate has an openi ng. As stat€z2i0above, the sound absorbing
mechani sm using a porous material according to the third aspect of the
present i nvasbasidlinpasassiine too e sydedimegtpdr odr irdaec Preisensof by
conprising plural reflecting nmenbers disposed in front of a sound absorbi ng
pl ate with drsmeadsdn,omndladiog dmlesgplianag qryaidd sgmama sjrostiagt ian goping e
di sposed in front of the reflecting nmenbers which protecting plate has an
openi ng, angrewmasgeliidtyibuttiomodfales edunl wiarehae @ Hapuwty itdupde or
sound absorption characteristic fromlower frequencies to higher

frequenci es %@%Bgaﬁiq?i. RO id¥edo the fourth aspect of the present
I nvention, there is provi eé)a sound absor bi ng nechani sm usi ng a porous

material which soungjapsarligg MRERARITal sectional view showing the

construction of a sound absorbing panel using a porous
material according to the embodiment 2 of the présentl
invention;

Fig. 4 is a sound absorption characteristic diagram
of a sound absorbing panel using a porous material according
to the embodiment 2 of the present invention in conformity
with the method for measurement of sound absorption
coefficients in a reverberation room;

Fig. 5 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 3 of the present
invention; |

Fig. 6 is a longitudinal sectional view showing the
conétruction of a sound absorbing mechanism using a porous
material according to the embodiment 3 of the present
invention;

Fig. 7 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 4 of the present
invention;

Fig. 8 is a longitudinal sectional view showing the



conprises plural sound absorbers conposed of a thin plate of a por ous
material and a second hol | ow nenber, which sound -14- absorbers are

di sposed in front of a sound absorbing plate with a space fromthe sound
absorbing plate. As stated above, the sound absorbi ng nechani smusing a
porous material according to the fourth agpect of the present invention

i nproves the sound absorbing performance thereof by conprising plural sound
absor bers conpRstouctiontof ra pseurd cdbsopoing gnechanism usiha & qreldiol | ow
menber, which sound absorbers are disposed in front of a sound absorbing
plate with anapecialracrohdisgund s cembodimdnt et afhdchomsesgenit |y, a
sound absorbi ng nmechani sm havi ng a superior sound absorption characteristic
| ower frequelwvestionpi gher frequenci es can be obtained. According to the
fifth aspect of the present i

Fig. 9 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 5 of the present
invention;

Fig. 10 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig. 11 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig. 12 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig.-13 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 7 of the present
invention;

Fig. 14 is a sound absorption characteristic diagram

of a sound absorbing mechanism using a porous material

according to the embodiment 7 of the present invention in



I nvention, there is provided a sound absorbi ng nmechani sm using a porous

mat eri al whi ch sound absorbi ng nmechani sm conpri ses plural sound absorbers
conposed of a thin plate of a porous material and a second hol | ow nmenber,
whi ch sound absorbers are disposed in front of a sound absorbing plate with
a space fromthe sound absorbing plate, a®zl-a protecting plate disposed in
front of the sound absorbers for fixing the sound absorbers, which

protecti ng plaatfoiwisawiddetihe methat diced mesmneemend ©fumdusidsor bi ng
mechani sm using a porous material according to the fifth aspect of the

present i nveldsoypt ingr awesf it estign dira ks arduerdpepatfionmaeem;t her eof by
conprising plural sound absorbers conposed of a -15- thin plate of a

porous material and ity 6card hAHPE cRAYELMIIGR S RKoMISY BRrs are
di sposed in front of a
effect of a sound absorbing mechanism using a porous
material accoxrding to the embodiment 7 of the present
invention;

Fig. 16 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 8 of the present
invention;

Fig. 17 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 9 of the presenﬁ
invention;

Fig. 18 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 10 of the preseﬁt
invention;

Fig. 19 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 10 of the present
invention;

Fig. 20 is a perspective view showing the
construction of a sound absorbing mechanism using a porous

material according to the embodiment 11 of the present

invention;



sound absorbing plate with a space fromthe sound absorbing plate, and a
protecting plate disposed in front of the sound absorbers, which protecting
plate has an opening, and consequently, a sound absorbing mechani sm havi ng
a superior sound absorption characteristic fromlower frequencies to higher
frequenci es can be obtained. According ta3the sixth aspect of the present

I nvention, there is provided a sound absorbing mechani sm using a porous

mat eri al whi ch sourfigbs2t bis g nboheitedinahpsecional ouiew Bhyaringdhe at e
made of a thin plate of a porous material and di sposed above a sound

i nsul at or WebhisBrheekoni 6f spageuhét siesorbimg mécinamh isefheing ry pendes s

di sposed in front of the sound absorbing plate with a space fromthe sound

absorbi ng phatérids §tabLEiAYore, thécerbodinahs o1Di & tiee horesentisi ng a
porous material according to the sixth aspect of the present invention

| mproves thfnégﬂggoﬁbsorbing coefficients thereof at higher frequencies by
conprising a sound absorbing plate made of a thin plate of a porous

mat eri al - Fig. 22 is a perspective view showing the
construction of a sound absorbing mechanism using a pdroUs
material accofding to the embodiment 12 of the present
invention;

Fig. 23 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material accordiﬁg-tO'the embodiment 12 of the present
invention;

Fig. 24 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 13 of the present
invention;

Fig. 25 is a sound absorption characteristic diégram
of a sound absorbing panel using a porous material according
to the embodiment 13 of the present invention in conformity
with the method for measurement of sound absorption
coefficients in a reverberétion-room;

Fig. 26 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 14 of the present
invention;

Fig. 27 is a longitudinal sectional view showing the



and di sposed above a sound insulator with a back air space between, and
plural reflecting nenbers disposed in front of the sound absorbing plate
with a space fromthe sound absorbing plate, and consequently, a sound
absor bi ng nechani sm havi ng a superior sound absorption characteristic
fromlower frequencies to higher frequenrn@4ées can be obtained. According to
the seventh aspect of the present invention, there is provided a sound
absor bi ng neenahrustidonngfaapspund aheerPangvmeehaBsEMUabagr Bi RGEABEhani sm
conprises a protecting plate disposed in front of reflecting menmbers for
fi xi ng the matkedtilngcremiéng, tehtbe pmbodimeny phact bhe BrespBhi ng. As
stated above, the sound absorbing mechani smusing a porous naterial
accordi ng t @ntrBatsenent h aspect of the present invention inproves the sound

absor bi ng performance |

Fig. 28 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 14 of the present
invéntion;

Fig. 29 is a longitudinal sectional view showing the
construction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 30 is a longitudinal sectional view showing the
construction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 31 is a longitudinal sectional view showing the
conétruction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 32 is a perspective view showing the
construction of -a sound absorbing mechanism using a porous
material according to the embodiment 16 of the present
invention;

Fig. 33 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous

material according to the embodiment 16 of the present



t hereof by conprising a protecting plate disposed in front of reflecting
nmenbers, which protecting plate has an opening, and consequently, a sound
absor bi ng nechani sm havi ng a superior sound absorption characteristic from
| ower frequencices to higher frequencies can be obtained. According to the
ei ghth aspect of the present i nvention, t2%ere is provided a sound absorbing
mechani sm using a porous material which sound absorbing mechani sm conprises
a sound absanveR§ipRdte nade of a thin plate of a porous material and

di sposed above a sound insulator such as a wall with a back air space
between and pl ural ¥Fégnd3dbser Besoundnpbserpbion charaptarésbicadpagsas

mat erial and a hol | ow nenber, which sound absorbers are di sposed in front
of the soundfakseobindg aplsatrbingt meahapice fusdngt hepovond mbterbadg pl ate.

As stated above, the sound absorbi ng mechani.sm usi ng
according to the embodiment 16 of the present invention in
conformity with the method for measurement of sound
absorption coefficients in a reverberation room;

Fig. 35 is a characteristic diagram showing an
effect of a sound absorbing mechanism using a porous
material according to the embodiment 16 of the present
invéntion;

'Fig. 36 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 17 of the present
invention;

Fig. 37 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 18 of the present
invention;

Fig. 38 is a longitudinal sectional view showing the
.conétruction-of a 'sound absorbing mechanism using a porous
material according to the embodiment 18 of the present
invention; |

Fig. 39 is a perspective view showing the
construction of a sound absorbing mechanism using a porous

material according to the embodiment 18 of the present

invention;



a porous material according to the eighth aspect of the present invention

| nproves the sound absorbing performance thereof by disposing plural sound
- absorbers conposed of a thin plate of a porous material and a hol | ow nmenber
in front of a sound absorbing plate with a space fromthe sound absor bi ng
pl ate, and consequently, a sound absorbi42$-rechani sm havi ng a superi or

- sound absorption characteristic fromlower frequencies to higher
frequenci es can be Bbgai AedisAscéeughyudénahesarhionaletewophewing: ebent

i nvention, there is provided a sound absorbi ng nmechani sm using a porous

mat eri al whicohsseued iehs ofbangomadhabserbingpmesbanaspr uséngi agpprane

di sposed in front of plural sound absorbers for fixing the sound absorbers,
whi ch prot eghtegiplabechadiag epenhegemboditmehediabofethehpresant absor bi ng

nmechani smusing a porous material according to the ninth aspect of the
present inveptipkibARroves the sound absorbing performance thereof by
di sposing a protecting plate having an opening in

Fig. 41 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 19 of the present
invention;

Fig. 42 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 20 of the present
invention;

| Fig. 43 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 20 of the present
invention;

Fig. 44 is a longitudinal sectional view showing the
construction of a conventional sound absorbing mechanism
using a porous material, including an explanatory diagram
showing a sound pressure distribution éf a sound wave to be
input into the sound absorbing plate thereof;

Fig. 45 is a longitudinal seétional view showing the
construction of a conventional sound absorbing mechanism
utilizing a sound absorbing material and a resonance

phenomenon by combining them;

Fig. 46 is a sound absorption characteristic diagram



front of a plural sound absorbers, and consequently, a sound absorbi ng
mechani sm havi ng a superi or sound absorption characteristic froml ower
frequencies to higher frequencies can be obtained. According to the tenth
aspect of the present invention, there is provided a sound absorbing
mechani sm -18- using a porous materi &l27-n whi ch sound absor bi ng
mechani sm a sound absorbing plate is made by wel ding plastic particles
partially. 9§ shat @@nﬁﬁbvé?nﬁﬂaeS§BBﬂdahB§l§bgD§gmﬁ@@mh$fgml‘\aislh@ilagp@rous
mat erial according to the tenth aspect of the present invention uses a
sound absor bougdpahserbudg hgteeidlngngl astesopante cpbsnpmenonl by, and
consequently, a sound absorbi ng nechani sm having a superior sound
absorpti on ebmbasaiagi shem;from | ower frequencies to higher frequencies

Fig. 47 is a partially cutaway perspective view
showing the construction of a conventional sound absorbing
mechanism utilizing both slits and a porous material; and

Fig. 48 is a sound absorption characteristic diagram
of the conventional sound absorbing mechanism utilizing both
slits and a porous material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
now be described in detail with reference to the
accompanying drawings.

EMBODIMENT 1. |

Fig. 1 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to a first embodiment (embodiment 1) of
the present invention; and Fig. 2 is a longitudinal
sectional view showing the construction of a sound absorbing
mechanism using a porous material shown in Fig. 1, including
an explanatory diagram showing a sound pressure distribution
of a sound wave to bé input into the sound absorbing plate
thereof. 1In Figs. 1 and 2, reference numeral 1 designates a
sound insulator such as a wall. Reference numeral 2

designates a sound absorbing plate made of a thin plate of a

porous material, which is made of plastic particles, a



there is provided a sound absorbing nmechani smusing a porous ma
sound absorbi ng nechanismis fornmed as a sound absorbi ng panel -

can be obtained. According to the eleventh aspect of the presénmggm¥gﬂgh&QRT)

a sound insulating plate corresponding to a sound insulator at _
sound absorbi ng mechani sm As stated abe28- the sound absorbi ng nechani sm

using a porous naterial according to the el eventh aspgct.of!the pr esent
i nvention i SS¥¥Phed H32m wetall absbhei hikpancd pyreum i mpiegial stads by

insulating plate corresponding to a sound insulator at the back of a sound

absor bi ng nee#bingnandndetdiseqpbast ic pasoivbesbsarbiaulypofeidsm having a
superior sound absorption characteristic fromlower frequencies to higher

f requenci espcroudenabéri a®chad\cs ohighdsdend Mbdaedd {dh aspesde of the present

i nventi on,

there is provided a sound absorbi ng mechani sm
exceptionally, is disclosed in Japanese Published Unexamined

Patent Application of No. 289333 / 1990 (Tokkai-Hei 2-
289333) having been filed by the éame assignee as that of
the present invention. The porous material disclosed in the
publication is hereby incorporated in the present-invention
by reference. The porous material which has a dénsity
gradient in the thickness direction thereof has furthermore
superior sound absorption effect. It is degirable that
porous materials to be used in the present invention should
have mechanical strength for forming the sound absorbing
mechanism. Reference numerals 11 and 12 designate back air
spaces of the sound absorbing plate 2; and numerals 1lla and
12a designate respective thicknesses of the back air spaces
11 and 12. Reference numerals 20a and 20b designate
latticed supporting members for supporting the sound
absérbing plate 2 above the sound insulator 1 with the space
of the thickness 1la of the back air space 11. The
supporting members 20a and 20b separates the space between
the sound insulator 1 and the sound absorbing plate 2 into a
lattice to form plural separated back air spaces 11.
Reference numeral 30a designates hollow members fixed to the
back of the sound absorbing plate 2 for forming separated

back air spaces 12 thinner than the back air spaces 11 in

lace

AR



Substitute sheet - 12 August 1996 -19- using a porous material which sound
absor bi ng nmechani sm conprises a second hol |l ow nenber fixed to a back of a
sound absorbing plate for formng a third resonator having a third back air
space separated froma second back air space in each inside of first holl ow
menbers. As stated above, the sound absordg-ng nechani sm using a porous

mat eri al according to the twelfth aspect of the present invention conprises
a third hol eeghmeorhéhef plufrednbagka adecspaceesdiat oThahkohdow membdrback
air space, and consequently, a sound absorbi ng nechani sm havi ng a superior -
sound absor poaoandhihac seunst absbrbingowdater eqeenstésute pilgkail
frequenci es can be obtai ned. The above and further objects and novel

features of sebararedeesonatdlrisosow | Referentel humapagasif aesighatckal haw ng
detail ed description when the sane is read in connection with the

acconpanyi ngndi,@Wedgtid lihtlS ol ®abk AR 8pakk 4RJeLakOAUmeRQICYEr, that the
drawi ngs are for purpose of illustration only and are not Intended as a

definition abgtiRe bl &g QBthesbﬁ%ﬁnEEEB a back air space 12.

Reference character B designates an average input angle of
the input sounds 81 and 82; and character A designates a
wavelength of the input sound 81 or 82. 1In the explanatory
diagram of Fig. 2, which shows the sound pressure
distribution, mark + designates the operation of positive
pressure on the sound absorbing plate 2; and mark -
designates the operation of negative pressure on the sound
absorbing plate 2. Arrow 85 of Fig. 2 designates a positive
pressure of an input sound wave operating on the back air
space 11 or 12 through the sound.absorbing plate 2; and
arrow 86 designates a negative pressure of an input sound
wave operating on the back air space 11 or 12 through the
sound absorbing plate 2.

Such materials as polypropylene resin, polyvinyl
chloride resin, ABS resin and polycarbonate resin can be
used as the material of the sound absorbing plate 2. Since
the sound absorbing plate 2 is supported by the supporting
members 20a and 20b, the strength of the sound absorbing
plate 2 is increased.

Next, the operation thereof will be described. The

principle of sound absorption of the sound absorbing



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a perspective view show ng the
construction of a sound absorbing mechani smusing a porous naterial
according to the enbodinent 1 of the present invention; Fig. 2 is a
| ongi tudi nal section view showi ng the construction of a sound absorbi ng
nmechani sm using a porous -20- materi al3taccording to the enbodi nent 1 of
the present invention, including an explanatory diagram show ng a_ sound
pressure di mechbntibonief eapyessddwhyemeanbeofnphe agousthe sauawaissbrbi ng
plate thereof; Fig. 3 is a longitudinal sectional view show ng the
constructi ogietuatsegnghabseuhdngbparblingspigte poandsthatbackl adrcordi ng
to the enbodiment 2 of the present invention; Fig. 4 is a sound absorption
characteri sthgcdaghaBimilarly in the prior art 1. The sound absorbing

plate 2 corresponds to acoustic mass m and acoustic

resistance r, and the back air spaces 11 corresponds to

acoustic capacity c¢. They form a series resonance circuit

of r - m - ¢. The resonance frequency f, thereof is

determined in conformity with the aforementioned formula (1)

in the prior art 1.

The resonance frequency £, of the input sound 81 is

determined mainly in accordance with the thickness 1la of

the back air spaces 11 if the sound absorbing plate 2 is

specified. The resonance frequency f, of the input gound 82

is also determined mainly in accordance with the thickness

12a of the back air space 12. The sound absorption

coefficients respectively become maximum at the resonance

frequencies f, of them. Since each sound absorbing mechanism

is independent of the other, the total sound absorption

characteristic is the sum of respective sound absorption

characteristics, and the sound.absorption coefficients

thereof are consequently improved from lower frequencies to

higher frequencies as compared with those of the prior arts.

In the aforementioned sound absorption mechanism, it
is known that the efficiency of sound absorption is highest

in the case where the input sound 81 is input into the sound

absorption plate 2 perpendicularly. That is to say, in the



of a sound absorbing panel using a porous material according to the
enbodi ment 2 of the present invention in conformty with the nmethod for _
measur ement of sound absorption coefficients in a reverberation room Fig.
5 is a perspective view showi ng the construction of a sound absorbi ng
mechani sm using a porous materi-al accordBhg to the enbodi nent 3 of the
present invention, Fig. 6 is_a |ongitudinal sectional view show ng the

constructi ofR8® ¥ReBENny BPIRd LVRAYE e hirPyn RrTrRRA gukarky mithe iphase
‘according to the enbodi ment 3 of the present invention; Fig. 7 is a
per spect i verelawienewhgthtesoundivarne i on e dop g fasrdf rithersehand sm
using a porous material according to the enbodinment 4 .of the present
i nventi on; drgorBing plavag tamk naduakcat cozy plave shrovihe tde surface,
| and the Whole of tﬂe sound absorbing plate 2 and the whole
of the back air spaces 11 or 12 are consequently unified, so
that the-effective operation of resonance and séund
. absorption is performed. On the other hand, the casé'where
the‘iﬁpﬁt sound si ig input into the soﬁnd'absorbing plate 2 -
not perpendicularly but at-a certain input angle § will be
'considered as ;n ordinary case. As shown in Fig. 2, when a
gsound wave having a wavelength A is input into the soun§
absorbing plate Z-ét an input angle B, a phase difference
having a period of N / cos(f) of soﬁnd preésure distribution
is.generéted on.the sound absorbing plate 2. 1In the sound
absorption mechanism to be déscribed here, a sound wave is
basically ébsorbed by utilizing a resonance phenomenon. If
. a phase difference of sound pressure is generated aldﬁg a
diréctibn on a surface of the sound absbrbing plate.z,'the
.efficiency of sound absorption is reduced due to the phase
idifference in ﬁhe case whére back air spaces are connected
at the backsidé of thé éound absorbing plate 2 as in the
prior arts 1 and 2. ‘But, the back air spaces 11 are
separated from each other by the supportiné members 205,
20b, and the back air spaces 12 are separated from the_béck

air spaces 11, and then from each other, by the resonators

30 and the supportingjmembers 20b, respectively, in the



-21- construction of a sound absorbi ng nmechani smusing a porous materi al
according to the enbodi nent 4 of the present invention; Fig. 9 is a

| ongi tudi nal sectional view showi ng the construction of a sound absorblng
mechani sm using a porous material: according to the enmbodiment 5 of the
present invention; Fig. 10 is a perspectf%%‘vieM/shomAng t he construction

of a sound absorbin ani us mat er according to_the
enbodi nent @rSFePﬁe%HggééWFn|nve%PPgﬁquE ylleegﬁ LPSﬁg?%Edﬁﬁﬁgeséétlonal
vi ew showi ng the construction of a sound absorbln nmechani smusing a porous
material ac@8fdrAGH B’aFF‘Feaéﬁbé@ﬁﬁ@ntl%rGﬁP?ﬁ‘élﬁﬁéE’eﬁPeFﬁ%ﬁt|on Fig. 12 is

a longitudinal sectional view show ng the construction of a sound absorblng
nechan|sn1usnﬂgpénéén®4§: and thereby it becomes easy to generate

‘resonance phenomena, which brlngs about the improvement of
the sound abeofption berformanCe-thereof. Since the
interference of sound waves due to phase differences is thus
little, the present sound abSorbing'mechanism has lafger
sound absorption coefficients as compared with.those of the
prior arts.

in-Figs.xl and 2, the embodiment 1 has iatticed.

. supporting members 20a and 20b, but the present invention
comprises the use of the supporting members 20a alone or the
supporting members 20b alone. By such usage, a part of the
‘effects of the bresent embodimerit can be obtained.
EMBODIMENT 2. .

Fig. 3 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a hard porous
material according to a second embodiment (embediment 2) of
‘the present invention; and Fig. 4 is a sound absorption
characterieticsdiagram in conformity mith the method fof

. measurement of sound absorption coefficients in a
reverbenation'room; " In Fig. 3, reference'numeral la
designates a sound insulating plate also serving as a
housing of thejsound absorbing panel, which sound absorbing‘
plate 1a corxeeponds to-an insulator euch as a wall.

Reference numeral 4 designates a protecting plate made of a



materi al according to the enbodiment 6 of the present invention; Fig. 13 is
a perspective view show ng the construction of a sound absorbi ng nechani sm
using a porous material according to the enbodinent 7 of the present
-invention; Fig. 14 is a sound absorption characteristic diagramof a sound
absor bi ng nmechani sm usi ng a porous materdr according to the enbodl ment. 7
of the present jnvention nf ot wth the t hod for
neasurenentpﬁ?cgbﬂﬂdmﬁBgﬁrﬁflBhe ié??rcv%h$§ gﬁ CLeTRIRT 12T o #%%n?tFlg
15 is a characteristic diagramshow ng an effect of a sound absorbl ng
mechani sm u%?ﬂﬁtaoﬁﬁr88§ni‘rﬁ9e??§| 1§c€b¥ﬂ‘iinﬁ°t'6h? D @A e e L €=Yt%f:'-‘i‘h%o

‘present invention;
: as to cover the opened part of the sound insulating plate

1a,

Next, the-operatien'thereof Qill be described; The
sound absorbing panel is constructed by forming, for
example, a galvanized steel plate having the thickness of
1.6 mm iﬁto a box sized to be about-SOO.mm x 1960 mm x 50 am
as the sound insulating plate la, and by plecing the sound
absorbing plete 2_having the thicknese of about 3.5 mm in
the box so that the thickness ila of the back air spaces.ll
becomes abouf 35 mm, to which sound absorbing plate 2
resenators 30 are fixed so that the thickness 12a of the
back air speces.lz becomes about 9 mm. And then, an
aluminum plate heving the thickness.ef 0.8 mm and the'rete-
of opened area of'SS_%_is fixed to the sound ihsulating
plate la as the protectlng plate 4. The-sound absorption
characterlstlc of the sound absorbing panel thus constructed
has larger sound absorption coefficients at higher
frequencies ee compared to those of tﬁe prior art 1, ahd'is
totally improved at a wider frequency band, as shown in ﬁig.
4. According to the results of some-experiments, the sound
absorption coefficients thereof are furthermore.improved at
the fhickness 12a qf the back air space 12 being about 15
mm. |

EMBODIMENT 3. -



Fig. 16 is a longitudinal sectional view showi ng the construction of a
sound absorbi ng panel using a porous material according to the enbodinent 8
"of the present invention; Fig. 17 is a longitudinal sectional view show ng
the construction of a sound absorbi ng nechani smusing a porous materi al
~according to the enbodiment 9 of the predént invention; Fig. 18 is a
- perspective view showi ng the construction of a sound absorbing nechani sm
using a porous mat IR AckdHr3iRRFIREIHe e RN Ehewing &he he present
invention;, Fig. 19 is a longitudinal sectional view show ng the
constructi crPrStucHien absarédurd mlederh g veschan 1o ruRingre gardus
according to the enbodinent 10 of the present invention; Fig. 20 is a
per spect i vanatemi shoaeoordmg comsd riict ¥d renfodi remin d( eafizstimerg: re8c kafhi sm
using a porous material according to the enbodi nent 11 of the present
- the present invention; and Fig. 6 is a longitudinal

sectional view showing the sound absorbing mechanism using a

porous material of Fig. 5. 1In Figs. 5 and 6, reference

numeral 13 designates back air spaces of the sound absorbing

plate 2; and numeral 13a designates the thickness of the

. back air spaces 13. Reference numeral 31 designates

resonators fixed to the back of the sound absorbing plate 2

in the resonators 30 with the space of the thickness 13a of

the back air spaces 13; and numeral 3la designates hollow

members for furthermore_ferming resonators 31 in the hollow

members 30a. These resonators 30 and 31 are disposed so as

to be parallel to the eupporting members 20a and

perpendieular to the supporting members 20b. Reference

numeral 83 designates an input sound into a back air space

13.

Next, the operation thereof will be described. The
resonance frequency f, of the input sound 83 is determined in
accordance with the thickness 13a of the back air spaces 13.
The sound absorption coefficients respectively become
maximum when the frequencies of the input sounds 81, 82 and
83 are equal to the respective resonance frequencies £, of

the back air spaces 11, 12 and 13. Since each of the three

sound absorbing mechanisms are independent of each other,



I nventi on; -23- Fig. 21 is a longitudinal sectional view show.ng the
construction of a sound absorbi ng nechani smusing a porous material
according to the enbodi nent 11 of the present invention; Fig. 22 is-a
perspective view show ng the construction of a sound absorbi ng mechani sm
using a porous material according to t he3Bnbodi nent 12 of the present
invention; Fig. 23 is a longitudinal sectional view show ng the
_const ruct i orPeftetabupeuRds W%tﬁm@ﬁ%%ﬁtjé’ Pt d’c}%e fR e
according to the enmbodinent 12 of the present invention; Fig. 24 is a :
‘| ongi t udi na¥e2Reet bRl SR FpRAFPELemcharretertsbirnf 'and dihei eyt bi ng
panel using a porous

absorptlon coefficients thereof are consequently furthermore

: improved even if they are.compared with those of the
embediment 1. Siﬁce, the back air spaces 11 are separated
from each other by the supporting members 20a, 20b, and the
"back air spacee 12 are separated from the back air spaces
11, and then from each ether, by the resonators 30 and the
~supporting members'zob, and furthermere the back air spaces
13 are eeparated.from the back air spaces 12, and then from
the back air spaces 11 and each ether, by the resonators 31
and the supporting members 20b, respectively, each back air
space-ll, 12 and 13 respectively operates independently; and

: thereby it becomes easy to éenerate resonance phenomena,
whieh'brings about the improvement of the'souna absorption
'performance thereof. Since the interference of sound waves
due to phaserdrfferences ig thus little}'the present sound
absorbing mechanism has-larger-sound_absorption coefficients
as compared Qith'those of the prior arts 1 and 2.

‘In Figs. 5 and 6, the embodiment 3 has latticed
supporting members 20a and 20b, but the present invention
‘comprises the use of the supporting members 20a alone or the
supportiﬁg-members 20b alone. By such usage, a'part of the

~effects of the present emboaiment can be obtained.
EMBODIMENT 4.

Fig. 7 is a perspective view showing the

¢



material according to the enbodi nent 13 of the present invention;, Fig. 25
IS a sound absorption characteristic diagramof a sound absorblng panel
using a porous material according to the enmbodi ment 13 of the present
invention in conformity with the method for measurenent of sound absorption
coefficients in a reverberation room Fir§6-26 is a |ongitudinal sectional
VIeM/ShOMAng t he construc%lon of a sound absorbing pechanj sm using a por ous
materi al accPPAFRECEHOR het eRbBaNRd nRb4arRing HReGhaks P YHiAMt3 RPTIS. 27
is a longitudinal sectional view showi ng the -24- construction of a
sound absormaﬁgrh%bhagcgnﬂy@gngoaap@@@nthn@mh¢dxmennxiﬂmh¢@pm¢n¢rﬁ9 of
enbodi nent 14 of the present invention;

' the present invention; and Fig. 8 is a longitudinal

sectiénal view showing the sound absorbing mechanism usiﬁg a
- porous méterial-of Fig. 7. 1In Figs.'7 and 8, reference
numeral 1 designates a sound insulator such as a wall.
Reference numeral 2 is a sound absorbing plate similar to
" that of the embodiment 1.. Referencé.numeral 11 designates a
back air space of the sound absorbing plate 2; and nuﬁeral'
1la designates the thickness of the back air space 11.
_Reference.numeral 40 designates_pluﬁal'reflecting.membefs
disposed in frdnt of the éound.absorbing pléte 2 so as to be
opposed to the sound absorbing platejé with a space;
Reference numeral 80 designates input sounds into the baék
aif spacé 11; which input sounds 80 having evaded the
reflecting members 40; numeral 81 designates an input sound
into-the back air spaqe 11; and numeral 8la designates a re-
" input sound into the back.air space.ll which re-input sound
8la is the input sound 81 having been :eflected by the_sound_
absorbing plate 2 and a reflecting member 40.

Sﬁch'materials as polypropylene resin, polyvinyl
chloride resin; ABS resin and polycarbonate’resin can be
used as the materials of the reflectiﬁg members 40.. The
shapes of the reﬁlecting members 40 may be a hollowed piﬁe
or a solid rod. |

Next, the operation thereof will be described. The



Fig. 28 is a longitudinal sectional view show ng the construction of a
sound absor bi ng mechani sm using a porous material according to the
enbodi nent 14 of the present invention; Fig. 29 is a |longitudinal sectional"
vi ew showi ng the construction of - an i ncreased ‘sound absorber of a sound
absor bi ng nmechani sm usi ng a porous materi3al- according to the enbodi ment 15

of the present invention; 0 ngi_t udi nal sect.i onal VIeM/ShOMAng
the constr uE??BHaBFeaﬁrFﬁHFé‘ é’e%l s%ﬁrﬁ‘%gsa&]bél%fs%%dﬂd 1) SetsnRyned
nmechani sm using a porous material according to the enbodi nent 15 of the
present invént peRorAagce3vith sheonbickaeasal 1sactheraPivi e®ovndwi ng t he
construction of an increased sound absorber of a sound absorbi ng nechani sm
usi ng a por ebsomptéphakoeffarcdenyst bethmeembyilinumnwhéd vhet fireguesenes
invention; Fig. 32 is a perspective view showi ng the construction of a
sound absorbfnghee&h@atssbuadsgea padoss aneeéqahlaﬁGOtHengespeébeVe

embodi nent 16 of the present

resonance frequencies f,. Many sounds do not pass through
the sound absorbing plate 2 but are reflected on the surface
thereof in the case where the sound absorbing coefficient
thereof is small;' Accordingly, when the reflecting members
40 are placed so as to be opbosed to the sound absorbing
plate 2, the reflected sounds are reflected by the
-reflecting_members 40 again and are input into the sound

_ absorbing platel2 to be absorbed by 'it. Because sounds
having a shorter wavelength'become re-input sounds 81la more
lefficiently, the sound absorption coefficients at
frequencies higher than the resonance frequency £, are
increased, andfthereby sound absorption.coefficients can be
improved from lower frequencies to higher frequencies as
compared with those of the prior arts.

Because the re-input sounds 8la have propagation

paths longer than those_of the input sounds 81, their phases
fare Shifted. Consequently, resonance phenomena are

_ reinforced at sone frequencies, which brings about the

- increase of sound‘absorption'coefficients.

The input sounds 80 are essentially reflected.on the

top surfaces-of the reflecting members 40, but some sound

waves of them are pulled into the spaces between the



invention; Fig. 33 is a longitudinal sectional view show ng the
construction of a sound absorbi ng nechani smusing a porous materi al
according to the enbodi nent 16 of the present -25- invention; Fig. 34 is
a sound absorption characteristic diagramof a sound absorbi ng mechani sm
using a porous material according to the38nbodi nent 16.of the present

i nvention in gonforn1t¥%é$th t he nmet hod for. nmeasurenent of sound absorption

coef fi ci entSeFHeGERY PEBPETS o0 r SBHIY FFQ. the phenonsng R4 id% i ¢ di agram
'showi ng an effect of a sound absorbing nmechani sm using a porous nateri al
accor di ng t@ifReackbeai neRecavsef the clppedange | of dHig®nts magclssl jang -
| ongi tudi nal sectional view show ng the _
their input angles become close to be perpendicular, they
are absofbed efficiently.
EMBODIMENT 5.
Fig. 9 is a longitudinal sectional view:showing the
~ construction of a sound'absérbing mechanism using a pérous.
material according to a fifth embodiment (embodiment 5) of
the present invention. 1In Fig. 5, reference numeral 41
designates pluﬁal reflecting membérs diSposed in front of
the sound absorbing piaﬁe 2 with a space from the sound
absorbing plate 2 and having a sectional form of an inverted
trapezoid. Because the reflecting members 41 can utilize
_also the.side sﬁrfaces of them to reflect sound,waves,_re—
input sounds 81la can be_obtained more efficiently.
Conseéueﬁtiy, the sound absorption coefficients at
frequencies higher than the.resonance.frequency f, are
increased, and théreby-sound absorption.coefficiénts can be
improved from lower frequencies to higher frequencies as
‘compared with ﬁhose of thé prior art 1.
EMBODIMENT 6.. |
Fig. 10 is a perspective view showing the
construétion_of a sound absorbing mechanism using a porous
material according to a sixth embodiment (embodiment 6) of

‘the present invention; and Figs. 11 and 12 are longitudinal

sectional views showing the construction of the sound



construction of a sound absorbing panel using a porous material according
to the enbodi mrent 17 of the present invention; Fig. 37 is a perspective
vi ew showi ng the construction of a sound absorbi ng mechani sm using a porous
material according to the enbodi nent 18 of the present invention; Fig. 38 -
i s a l'ongitudinal sectional view show ng33te construction of a sound -

~absor bi ng nechanlsn1u5|ng a,porous material according_ to the enbodi nent 18
of the pres@REOrR¥BAL MER! aPFﬁm ¥§ipg 3 B@FQB@CWPGGrW?%mFQﬂBRnhﬁ Fhe-.

construction of a sound absorbi ng nmechani smusing a porous materi al
accordi ng t 0theIanBdgenedl, 1sloanﬂhé2pr@géﬁrenqeenumgnal 1 degignates

a sound insulator such as a wall. Referencg numeral 2
.designatés a.sdund absorbing plate similar to that of the
embodiment 1. -Reference ﬁumeralslll and 12.designate back
air spaces of the'sound absorbing plafe 2; and numerais lla
and 12a'désignate the respective thicknesses of the back.air
spaces 11 and 12. Reference numeralé 20a and éob designate
1at£iced supporting members for supporting the éound
absofbing plate 2 so.as.to be opposed to the sound insulatof
-1 with the space.of the thiékness 1ia of the back air'spacés
11. Reference numera1.30 designates resonators fixed to the
insulator 1 side of ﬁhe sognd absorbing platg 2 with the
space. of ﬁhe thickness.12a of the"back'air spaces 12;
numeral 30a deéignates hoilow members for fdrmiﬁg the
resonators 30. The resonators 30 are-disposed s0 as tb be
parallel to the supporting members 20a and perpendicular to
the supporting members 20b. Reférenée numeral 40 designates
.plufal reflecting members disposed in front of the souﬁd
absorbing plate .2 so.as to be opposed to the sound absorbing
plate 2 with a sbace énd pafallel té-the_resonators 30.
Reference numeral 81 designates an input sound into a back.
air space 11; numeral 8la designates a re—input sound into a
back air spage'll which re—inpﬁt sound 8la is the input.
sbund 81 haviné been reflécted_by_the soundlabsorbing plate

2 and a reflécting-member 40; numeral 81b designates a re-



Fig. 40 is a Iongitudinél sectional view showing the construction of a-
sound absorbi ng mechani Smusing a porous material according to the
enbodi rent 18 of the present invention; Fig. 41 is a |ongitudinal sectional
vi ew showi.ng the construction of a sound absorbi ng nechani smusing a porous
‘material according to the enbodi nent 19 -#0-t he present invention; Fig. 42
is a perspective view show ng the construction of a sound absorbing .
nmechani sm udPRYta spyrdudns: 8r backaddsr graget 42t Weighbsar ipaut 2g0undt he
present invention; Fig. 43 is a |ongitudinal sectional view show ng the
constructi oflbf ig Sbendnaysosbung Adchamive beengrafperbed hut theabound
according to the enbodi nent 20 of the present :invention; Fig. 44 is a
| ongi t udi nakbsecbiogaplatew2shod agrelfié¢econsgr metmber 60 ; anumaraht BRnal _
'sound absor bi ng mechani smusing a porous material, including an explanatory
diagran] - designates an input sound into a back air space 12; and
numeral 82b designates a re-input sdund into a back air
space 11 which re-input sound 82b is the input sound 82
having been reflected by the sound absorbing plate 2 and a
reflecting member 40.
Such materials as'polypropylene resin, polyvinyl
chloride resin, ABS resin and polycafbonate resin cén be
used as the materials of the reflecting members 40. .Sinde
" the sound absorbing plate 2 is supported by.thé supporting
members 20a and 20b, the strength of the sound absorbing
platé.z is increased. The shapes of the reflecting members
. 40 may be a hollowed pipe or a solid.rod.
Next, the operation thereof will be described. The
resonance frequency £, of the input sound 81 is determined
mainly in accordance with the thickness 1la of the back air .
spaces 11. Thé resonance frequency f, of the iﬁput sound 82
is also determined mainly in accordance with the thickness
12a of the back air spaces 12. The sound absorption
coefficiénts'respectivély become maximum at the resonance
frequencies f, of them. Since each sound absorbing mechanism
is independent of thelqther, the total sound absorption

characteristic is the sum of respective sound absorption

' characteristics. Since the back air spaces 11 are separated



showi ng a sound pressure distribution of a sound wave to be input into the
sound absorbing plate thereof; Fig. 45 is a |longitudinal sectional view .
~showi ng the construction of a conventional sound absorbing nechani sm
utilizing a sound absorbing material and a resonance phenonenon by
conbining them Fig. 46 is-a sound absorffiron characteristic diagram-

-27- of the conventional sound absorbing nechanismutilizing a sound

absor bi ng nRY e¥pel SWARCHE 1S CReREr H el mtd R Wy awhiihe RpIMeRT Fig. 47 is
a partially cutaway perspective view show ng the construction of a -
convent i ona#paees dlabave béeparateédidynthe i Fesdmatdios B&land thml a porous
material; and Fi.g. 48 is & sound absorption characteristic diagramof the
convent i onasuspomicl ad Seehbengs n2alh arespe it 1 vely noedut tback air space 11
and each back éir space 12 respectively operate
independently as'déSCribed in the embodiment 1, and thereby
iﬁ-becomes easy to generate fesonanée phenomena, which
brings.aboﬁt thé improvement of the sound absorption
'performance thefeof. Since the interference of sound waves
due to phaée differendes is thus little, the present sound
absqrbing mechanism has larger sound.absorption coeffiqiehts
as cdmpéred with fhoSe of the-prior arté 1 and 2.
Furthermore/.many sounds do not pass thrbugh'thé sound
-absorbing‘plate 2 but are refléétéd on fhe surface thereof
in the case whére the soundIabéorbing.coefficient thereof is
small. _Accordian?, when the reflecting members 40 are
placed so as. to be opposed to the sdund absorbing plate 2,
the reflected sounds are reflected'by the reflécting members
40 again and are input into the sound absorbing plate 2 as
the re-inpﬁt soﬁnds Sia,'81b and 82b to be absorbed by it..
. Because sounds having a shorter wavelength become re-input
sounds éla, 81b aﬁd 82b more_efficientl?,.the sound
.abSOrption coefficients at frequencies higher than the
‘resonance frequency ﬂ{are-incfeééed, and thereby sound
ébSOrption coefficients can be improved from lower

frequencies to higher frequencies as compared with those of

the prior arts 1 to 3.



slits and a porous material. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Preferred enbodi nents of the present invention will now be
described in detail with reference to the acconpanyi ng draw ngs. EMBODI-MENT
1. Fig. 1 is a perspective view showi ng the construction of a sound '
absor bi ng nechani sm usi ng a porous nater#dr according to a first enbodi nent
(enmbodi nent 1) of the present invention, and Fig. 2_is a |ongitudinal

_sectional view showhgFtgR: chhstFhARdndf Ehe ARRPEHRHDihdidfechani sm

using a porous material shown in Fig. 1, including an explanatory di agram
“show ng a sbRbklpeéssuwprontinginembens oc20a ardmPhavkut e prgsentnto the
sound absorbing plate thereof. In Figs. 1 and 2, reference nuneral 1 - :
desi ghat es @nwewntion nsahprbses uche assa ofl the Redprencing unsnlaer® 2Bsi. gnat es
~a.sound absorbing plate nade of a thin.plate of a porous material, which. is
made of pl aslome pattthéesupporting members 20b alone. By such usage, a

part of the effects of the present embodiment can be

obtained.

- EMBODIMENT 7;

Fig. 13 is a perspective view showing the
construction.of a sound absorbing mechanism using a porous
materiai according to a seventh embodiment (embodiment 7) of
the present invention; Fig. 14 ic a'sound absorption
characteristic diagram in confofmity with the method fcr
measurement of scund absorption coefficients in a
reverberation room; and Fig; 15 is a characteristic diagram
shoWing an effect of the reflecting members 40; Fig. 15 |
shows the ratios of the sound absorption coefficients in the
case where the'sound absorbing mechanism shown in Fig. 13 is
equipped with the reflecting members 40 to the sound
absorption ccefficients in the case where the sound
absorbihg mechanism is not equipped with the reflecting
members 40. The reflecting members 40 are opposed to the
‘top surface of the sound abéorbing plate 2, and disposcd to
be_crbsséd’with-thé rescﬁators 30 perpendicularly. The
dispositions of the reflecting members 40 shown in_Figs. 10

to 13 also bring about the sound absorption effects shown in

Figs. 14 and 15 basically. The directions of the



Substitute sheet - 12 August 1996 -28 - ceramc, foamnetal or the like. A
porous material made by heating and wel di ng plastlc particles partially,

whi ch porous materi al has a high sound absorption effect exceptionally, i

di scl osed i n Japanese Published Unexam ned Patent Application of No.

289333/ 1990 (Tokka| Hei 2- 289333) havi n§3been filed by the sane assignee
as that of he esent ion. _The orous material disclosed in the
publicatio te’o?“? n%% 'g]B %%Il??lt e PR 4hvehttihsh I8EME @ %hce.
The porous naterlal which .has a density gradient in the thickness direction

thereof has39 r¥acrobrbinifedite Berirehem perpendiqulan and paraldslk abl e

t.hat porous materials to be used in the present invention should have
‘nmechani sm stieegtionar Pat ntngy thay st mirlabisoaty ng AmethaisihaReiamahce
nunerals 11 and 12 designate first and second back air spaces of the sound
absor bi ng phlsger@tidheeffests beak be rolsipmieed oinritige afbitstaryesonat or and
the second back air. space form-ng a second resonator; and nunerals 1la and
12a desi gnadréespettdiepddickanesses of the back air spaces 11 :
| Next, the operation thereof will be described. The
sound absorbing mechanism is constructed by placing, for
example, a sound absorbing plate 2 having the thickness of
3.5 mm so that the thickness 11a of the back air spaces 11
becomes about 35 mm, to which sound absorbing plate 2 hollow
members 30a are fixed so that the.thickness 12a of the back .
air spaces 12 becomes-about_9 mm for forming the resonators
30. And then, square pipes made from ABS resin and'having
the width of about 33 mm and the height of about 15 mm are
disposedhwith the space of about 10 mm from the sound
absorbing plate 2 as the reflectiné members 40. The sound
absorption,characteristic of the sound absorbing mechanism
- thus constructed.is improved in the sound absorption
coefficients at frequencies higher than about 1.5 kilo-Hz
owing to the effect of.reflection and at.frequencies lower
than about:GOO Hz owing to.the_effect of slit resonation
phenomena as compared to the sound absorption characteristic
in case of having no reflecting members, and the former is
totally improved at a wider frequenoy band, as shown in

Figs. 14 and 15. According to the results of some

experiments, sound absorption coefficients are furthermore



-and 12. Reference nunerals 20a and 20b designate latticed supporting
menbers for supporting the sound absorbing plate 2 above the sound
insulator 1 with the space of the thickness 11a of the back air space 11.

- The supporting nmenmbers 20a and 20b separates the space between the sound
|nsulatoa % aEd the sound absorbing pl at%42 into a lattice.to form plural
separ ated back air spaces 11. Reference nuneral K 30a designates hgllow
nmenmber s fi t8@royechathide &PlF#€e§§uﬁ&aaﬁgoF%FnBaﬁﬁaFérZ PﬁFeFo}ging
separated back air spaces 12 thinner than the back air spaces 11 - 29-
each of thbeiingr abdwici Saimm apskes the FRacRobeSWeRBrbBes T864e&hd Bhe sound
absorbing plate 2 constitute plural separated resonators 30. Ref er ence
nuneral 81 n@efieymatids sard itheutscamdhdbisrbiachpdtel 2 bpdvg 15, ma@ad nuner al
82 designates an input sound into a back air space 12. Ref erence charact er
[err] desi gvuosrMENTO\Er age | nput angl e of the input sounds 81 and 82; and

character [err] designates a _ _

Fig. 16 is a longitudinallsectional view showing the
.constfuction of a sound_absorbiﬁg panellusing a porous
material according to a éighth-embodiment (embodiment 8) of
the present inveﬁtion. In Eig. 16, reference numeral la -
designates a sound insulating plate.also serving as a
housing of the sound absorbing panel. Reference_numeral 4
designates a protecting platé made of a punching metal or

_ the like, which proteéting plate 4 has at least.one openiﬁg
and is fixed to the insulating plate la so as to covér thé-
opened part of the sound iﬁsuléting plate la. Reference
numeral 2la designates a supporting'member for disposing the
.refleéting mémberé 40. _Thé diféctions 6f the reflecting
members 40 may be parallel 6r ﬁerpendicular to the
resonators 30. This'sound absorbing panei has the same
effects as those of the embodiments's and 7. |
EMBOD IMENT 9.

Fig. 17 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a poroué
material according to a ninth embodiment (embodiment.9) of
the present invention. 1In Fig. 17, refereﬁce numeral 1
designates a sqund‘insulatcr such as a wall. Reference

numeral 2 designates a sound abéorbing plate similar to that



wavel ength of the input sound 81 or 82. In the explanatory diagramof Fig.
2, which shows the sound pressure distribution, mark + designates the
operation of positive pressure on the sound absorbing plate 2; and mark -
desi gnates the operation of negative pressure on the sound absorbing plate .
2. Arrow 85 of Fig. 2 designates a posi t#Pe pressure of an input sound wave
operating on_the back air. space 11:or 12 through the sound absorbing plate
2; and arroﬂfSBhGegmﬁﬁQ%@gn hegaRdBUBREAL | cIRFLGNAT P IR RERFRCTENS
‘operating on the back air space 11 or 12 through the sound absorbing plate

2. Such nmateiabesmadepofyprppprbiegrestal vl yhe njikenlwirick peetectngs
resin and pol ycarbonate resin can be used as the material of the sound
absorbi ng pphate24 Baacatt heasbunve abpenbiggapiate @issoseppsrtas by bée
supporting members 20a and.20b, the strength of the sound absorbing plate 2
1S increasedppdlexdl, tbhehepeopt sanfaber ebf the | soined dalsgotivbnky ﬁh@t@r2n0|ple
of sound absorption of the sound absorbi ng
Reference numeral 11 des1gnates the back air space of the
sound absorblng ‘plate 2; and numeral_lla designates the
thickness of the back air space 11. 'Reference-numerai 42
designates plural.reflecting members fixed to the protecting -
Iplate 4-and disposed in front of the sound absorbing plate 2
‘with a space~from the sound absorbing plate_z. Reference |
numeral 81 designates.an input sound into the back air space
11; and numeral 8la designates a re-input sound into the
back air space 11 which re-input sound 8la is the input
sound 81.having-been reflected by the sound absorbing plate
2 and a reflecting member 42,
| éuch-materials:as polypropylene resin, polyvinyi
- chloride resin, ABS resin and polycarbonate resin can;be '
used as the material-of the: sound absorbing_plate 2. The
-shapes of the reflecting members 42 may be a hollowed pdpe
‘or a solid rodi |
| Next, the operation thereof will be described. The
resonance frequency f, of the input sound 81 is determined in
accordance with the thickness l1lla of.the back air space.ll.
Sound absorption coefficients become maximum at the

resonance frequency f,. Many sounds do not pass through the

sound absorblng plate 2 but are reflected on the surface



-30- nmechanismis expressed by nmeans of the acoustic equivalent circuit of
t he sound absorbing plate 2 and the back air spaces 11 simlarly in the
prior art 1. The sound absorbing plate 2 corresponds to acoustic mass mand .
acoustic resistance r, and the back air spaces 11 corresponds to acoustic
capacity c. They forn1a series resonance48Tcuit of r - m- c. The
resonance f&g@yenc QSQ%%athereof is determined.in con forn1t¥ wi th the

af orementio qase phiegie sheaeund phECOrBinAaROETELE4EB Y

[err] of the input sound 81 is determned mainly in accordance with the
t hi ckness 1tdegleathdshamaldir dHesorsdinglyl, whensshed rebdecking peabers is
specified. The resonance frequency [err] of the input sound 82 is al so
det er m ned Hm|anp|piammbmdameebm1he1dmpmﬁmhkne$belsaunﬁ theolrhékgai r
space 12. The sound absorption
‘plate 2, the reflected sound is reflected by a reflecting
member 42 again and is input into the sound absorbing plate
2 as the re-input sound 8la to be absorbed by it. Because
sounds having a shorter wavelenth become re-input sounds
8la more efficiéntly,-the sound absorption coefficients at
frequencies higher than‘the resonance frequency ﬂ,are
increésed,'and thereby sound absorption coefficients cah'be
improved from lower frequencies to higher frequencies;as '
compared with thoée of the prior art 1. Besides, the damage-.
of the sound absorbing plate 2 éan be prevented by the
protecting plaée 4. Since the'reflectihg members 42 are
fixed to the_pfotecting-plate 4 in advance, the efficiency
of fitting- operation of the protecting plate 4 at fitting
sites ié high. The reflecting membérs 42 serves also as a
reinforcémént méterial of the protecting plate.4.
'EMBODIMENT 10.
F1g 18 1s.a perspectlve view showing the
. construction of a sound absorbing mechanism using a pérous
material according to a tenth embodiment (embodiment 10) of
the present invention; and Fig. 19 is a longitudinal
sectionaI.Vieszhowing'the sound absorbing mechanism using é

porous material shown in Fig. 18. 1In Figs. 18 and 19,

reference numeral 4 designates a protecting plate made of a



coefficients respectively becone maxi num at the resonance frequencies [érr]'
of them Since each sound absorbing nmechani smis independent of the other,
the total sound absorption characteristic is the sumof respective sound
absorption characteristics, and the sound absorption coefficients thereof
are consequently inproved fromlower fredtiencies to higher frequencies as
conpared with those of the prior arts. In the aforenentioned sound
absor pti on PESREiNgnmetal o1 fden liksr Whdchf pretestyngf Pdatird4abSor ption
is highest in the case where the input sound 81 is input into the sound
absorpti on floamed? byebsaddingulidel porthigns| sorgesppndingt he the-31- case
where a sound wave is input perpendicularly, the phase relations of the
sound wave oefileettiog sembese 4R descsibed dbsthei regbpHimen? ar endghak at -
any place on the top surface, and the whol e of the sound absorbing plate 2
and the whobpenings in the portions other than the portions
- corresponding to the reflecting members 42 and furthermore
is disposed so as to be opposed to the top_surface of the
sound absorbing plate 2.
The sound absorbing mechanism thus constructed has
also the same effects as those of the embodiment 9.
EMBODIMENT 11.
'Fig. 20 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to a eleventh embodiment (embodiment 11)
of the present invention; and Fig. 21 is a longitudinal
' sectional view showing the sound absorbing mechanism using a
porous material of Fig. 20. In Figs. 20 and 21, reference
numeral 1 designates a sound insulator such as a wall.
.Reference numeral 2 designates a sound'absorbing plate
'similar to that of the embodiment 1; and reference numeral 4
designates a.protgcting plate made of a punching metél or
the liké, which protecting plate has openings and is
disposed in frort of the sound absqrbing plate 2. Reference
numerals 11 and 12 designate back air spaces of the sound
absorbing plate 2; and numerals 1lla and 12a designate

respective thicknesses of_the back air spaces 11 and 12.

Reference numerals 20a and 20b designate latticed supporting



of the back air spaces 11 or 12 are consequently unified, so that the
effective operation of resonance and sound absorption is perforned. On the
ot her hand, the case where the input sound 81 is input into the sound
absorbing plate 2 not perpendicularly but at a certain input angle [err]

wi Il be considered as an ordinary case. #B8shown in Fig. 2, when a sound
wave having a velen th X is i,nput into the sound absorbing plate 2 at an
i nput angl e PRGOS fPE FRRPRy 2RSpEPisg Biafer ] SCoRSsbend
pressure dlstrlbutlon S enerated on -t he sound absorbing plate 2. In the
sound absor PE &P Rﬂﬁﬁﬂaﬁﬁé%ﬁﬁoﬂ@gﬂde§@ﬁmﬂéﬁoﬁeﬂeab9V§o§hG wewadi s basically
absorbed by utilizing a.resonance phenonenon. |If a phase difference of
sound pressumsulatgendr atidh dhengpacd odcthen tbricknsesf ade of the beukd
absorbing plate 2, the efficiency of sound absorption is reduced due to the
phase diff enaﬁncepara:etdwalcas Reflegetdeatiingira 1SBAC desighacesn gebedagbrihe
backsi de of the sound absorbing plate 2 as in the prior arts 1 and 2. But,

the back ai euipped tb e Sepanated fir endeac @hbe@ob.ndt bBssuBRAY! | NG
menbers 20a,

plate 2 with the space'of the thickness 12a of the back air
gspaces 12; and numeral 30a designates hollow members for |
forming the resonatore 30. fhe resonators 30 are disposed
so as to be pafallel ﬁo the supporting members 20a and

' perpehdicular_to the supperting members 20b. Refereﬁce
numeral 42 designates plural'feflecting members fixed to thel
protectiﬁg plate 4, and dieposed so es.to be'opposed to the
sound absorbing plate 2 and parellel to the resonators 30.
Reference numeral 81 designatee aﬁ input sound into a back
air space 11; numerai 81b designates a re-input sound into a
back air space 12 Which re-input sound 81b is the input
sound 81 having been reflected by Ehe sound absorbing plate

.2 and a reflecting member 42; numeral 82 designates an input
soﬁnd into a back air-space-lz; and numeral 82b designatee a

- re-input sound into a back air space 11_which re-input soﬁnd
82b is the in?ut sound 82 having been reflected by the sound
absorbing plate 2 and a reflecting member 42.

Such.meterials as'polypfop?lene fesin, polyvinyl

chioride resin, ABS resin and édlycarbonate resin can be
used as. the material of the sound absorbing plate 2. Since

the sound absorbing plate 2 is supported by the supporting



20b, and the back air spaces 12 are separated fromthe back air spaces 11,
and then from each other, by the resonators 30 and the supporting nenbers
20b, respectively, in the -32- present enbodi nent. Consequently, each
back air space 11 and each back air space 12 respectively operates

i ndependently, and thereby it becones ea®®-t o0 generate resonance phenonena,
whi ch brings about the inprovenent of the sound absorptionegerfornance

thereof. Si REBPEKE PREePPEr eAbe bhesstinandabestdbbet 8OpRAs@PEPFPERGNCES S
thus little, the present sound absorbi ng nechani sm has | arger sound

absor pti on Péatri &i émt dngreasrpar e¥hai shappgsefothehveplieotingt sembarsi gs.
1 and .2, the enbodinment 1 has latticed supporting nmenbers 20a and 20b, but
t he present 4Rhwmegt ben ac wpilowes pﬁpeueg af sohédsupgdorti ng nenbers 20a. al one
or the Next, the operation thereof will be described; The
resonanée freQuenéy £, of the input souﬁd 81 is determined
Imainly in accordance with the thickneSs 11a of the back air
'spaces 11. The resonance. frequency ﬂ,éf the input sound 82.
ig also dete:mined.mainiy in aécordanée with the thickness
12a of the back air spaces 12. Sound absorption
coefficients respectively become makimum at the resonance
frequencies ﬂ,of them. Since gach'sound absorbing mechanism
is independent of the other, the total sound abs§rption
characteriétic is the ‘sum of the respective sound absorption
 characteristice. Since the ‘back air spaces 11 are seﬁarated
by the éupporﬁing members 20a and 20b and.the back air
spaces 12 are separated by the resonaths 30 and the
'spppofting members 20b respectively, each back air space 11
and each back éir space'lz respectiveiy operate
independently as described in the embodiment 1, and thereby
iﬁ becomes easy to generate resonance phenomena, whiéh
brings about thé improvement of the sound absorption
performance thereof. Since the interference of sound waves
due to phaée différendes is'thus little, the present sound.
absorbing mechanism has larger sound absorption coefficients

as compared with those of the prior arts 1 and 2.

Furthermore, many sounds do not pass through the sound



supporting nmenbers 20b al one. By such usage, a part of the effects of the
present enbodi nent. can be obtained. EMBODI MENT 2. Fig. 3 is a |ongitudinal
sectional view showi ng the construction of a sound absorbing panel using a
har.d porous material according to a second enbodi nent (enbodi ment 2) of the
present invention; .and Fig. 4 is a sound58bsor ption characteristic dlagram
in conformty mnth t he met.hod for neasurenent of sound absorption

coef fi ci ent2Ppraing R} B of | BRE ram T¢hlereed on e rdici@sriidieredh
designates a sound insulating plate al so serving as a housing of the sound
absor bi ng pimethe wasd whene theosdind ahserbling cepebiwiait tthewredhsis at or
'such as a wall. Reference nuneral 4 designates a protecting plate made of a

- 33- punchi smahki aks odesbreibed ein vibhe hepbad BuentnR pl Adcerdiasyigt, when
the reflectlng members 42 are placed so as to be opposed to
the sound absorbing plate 2, the reflected sounds are
reflected by the reflecting members 42 again and are 1ﬁput
into the sound absorbiné-plate 2 as the re-input sounds'81b-
and 82b to be absorbed by,iﬁf_ Because sounds having a
shofter'wavelength become re-lnput sounds‘Sla and 82b more
efficiently, sound_absorption coefficients at frequencies
-higher than the resonance.frequency ﬁ,are increased, aﬁd
chereby scund absorption coefficients can be improved from
lower_frequehcies.to_higher frequencies as compared wlth
those ofethe prior arts 1 to 3. Besides, the damage of the
sound absorbing plate 2 can be pfevented by the protecting
plate 4. Since the reflecting ﬁembers 42 are fixed to.the
protectiﬁg’plate_4 in:adﬁance, the reflecting members 42

 also serves as reinforcemenc materials of the protecting -
plate 4, and the efficiency of fitting Operaticn of the
protecting plate 4 at fitting siteslis high.

In Figs. 20 and 21, the embodiment 11 has latticed
supborting members 20a and 20b, but the present invention
comprises the use of the supporting members 20a alone.or.the
supporting members 20b alone. By such usage, a part of the
effects of the present embodimenc caﬁ be obtained. The

‘similar effects can be expected in the case where the



| east one opening and is fixed to the insulating plate la so as to cover

t he opened part of the sound insulating plate I a. Next, the operation
thereof will be described. The sound absorbing panel is constructed by
“forming, for exanple, a galvanized steel plate having the thickness of 1.6
mminto a box sized to be about 500. M %>3960 mm x 50 nm as the sound

' | ati | ate | d b | aci ng t b bj . | ate 2 ' _fﬁ :
i ckness ot i ag Shemtrh  7E s SEPRTRR e HaIRE £ e back

air spaces 11 beconmes about 35 nm to which sound absorbing plate 2
-resonat or s BRPWLPY¥KeW so that the thickness 12a of the back air spaces 12
beconmes about 9 nm And then, an alum num plate having the thickness of 0.8
mm and t he EMBRDEMENPehed area of 55 %is fixed to the sound insul ating
plate la as the protecting plate 4. The sound absorption characteristic of
t he sound absorbi nFipane22 timisa quersdpandtioe haew ahgevigpurie absor pti on
coefficients at higher frequencies as conpared to those of the.prior art 1;
and is construction of a sound absorbing mechanism using a porous
material according to a twelfth embodiment (embodiment 12)
of the present invention; and Fig. 23 is a longitudinal
sectional view showing the sound absorbing mechanism usihg a
- porous material shown in Fig. 22. In Figs. 22ﬁand 23,
reference numeral 43 designates plural reflecting members
fixed to the protecting plate 4 and disposed so that the
- sound absorbing plate 2 is put between the reflecting.
" members 43 and the supporting members 20a or 20b. Reference
numeral 8la designates a re-input sound into a back air
space 11 Which-re-input sound 8la is the input sound 81
having been reflected-by the sound absorbing pléte 2 and
reflecting members 43.
Since the sound absorbing mechanism using a porous
material of the embodiment 12 is thus constructed, it can
'improve sound absorption coefficients similarly in the’
embodiment,ll, and it can not only prevent the damage of the
gsound absorbing plate 2 but -also indrease the strength of '
~ the sound absorbing plate 2.
EMBODIMENT 13.

Fig. 24 is a longitudinal sectional view showing the

construction of a sound absorbing panel using a porous



totally inproved at a wi der frequency band, as shown in Fig. 4. According
to the results of some experinments, the sound absorption coefficients
thereof are furthernore inproved at the thickness 12a of the back air space
12 being about 15 mm ENMBCDI MENT 3. -34- - Fig. 5'is a perspective view
showi ng the construction of a sound absor®#ng mechani sm using a porous

mat eri al according to a third enbodi nent (.enbodi nent, 3) of the present

i nvention; JREFHIPL AGPLLINH G FoitiHrEE&sOGR fRbagimendh dfe e ndound
absor bi ng nechani smusing a porous material of Fig. 5. In Figs. 5 and 6,
ref erence ndier &8f thejayepantesRI IO ankdidof 25hd ssGus@uadsor bi ng

pl ate 2; and nunmeral 13a designates the thickness of the back air Spaces
13. Ref er encsanmdrigan Fhareitpriisic diagram in conformity with the

méthod for measurement of sound absorption coefficients in a
‘reverberation room. In_Fig..24, reference numeral la
deSignates.a soﬁnd inéulating plate -also serving as a

- housing of the sound absorbing panel. Reference numeral 4 .
designaﬁes a ﬁrotecting plate-hade of a.punching metal or
.the like, which protecting'plate 4 has at 1east.one opening
-and is fixed to the sound insulating plate la so as to cover
the opened pafﬁ of the.sound ihsulating plate la. Reference
numeral_42 desigﬁéfes plural reflecting members fixed to the
protecting plate 4 and dispoéed so és to bé opposed fo the
sound absorbing plate 2. The reflecting members 42 are
disposed to be perpendicular'to the resonators 30.

Ne#t, the operétion.thereof-will be described.

- Since the bagk air spacés'll-are separated by the supporting
membéfs.zoa aﬁd 26b and the back air spécéé 12 are separated
by the hollqw members 30a and the suppqrting members 20b
.respeétively; each back air spadelll and each back air space
12 respectively opefate indépendently.as described in the
embodimgnt 1,-énd;fhereby it becomes easy to generate
résonance phenomena, which brings about the improvement of
the - sound ébsorption performance thereof. Since the
interference of sound waves due to phase differences is thus

little, the preéent sound absorbing panel has larger sound.



resonators fixed to the back of the sound absorbing plate 2 in the
resonators 30 with the space of the thickness 13a of the back air spaces
13; and nuneral 3la designates holl ow nmenbers for furthernore formng
resonators 31 in the hollow nmenbers 30a. These resonators 30 and 31 are
di sposed so as to be parallel to the suppdrting menbers 20a and
perpendi cul ar to the supportin%anenbers 20b. Reference nuneral

) . 83 ., -
‘desi gnat es 3RSPRPELOToGREEEACIERTEaBR SPMPEFSHeWish RBRES PRetBRePELPEN
thereof will be described. The resonance frequency [err] of the input sound
83 i s deter AFlEd 1 ANGcor dENEERRIFTRTEheMARYCRALBES1da BPtt RBSBakkransgh
spaces 13. The sound absorption coefficients respectively becone maxi num
when t he fréheesound ebsoibingppilateuddbuBlarg2rafileéBedr enegbeal suvfabe
respective resonance frequencies [err] of the back air spaces 11, 12 and
13. Since eahbrebft ia theeeaseuntlezbsehki BguntchbBosbingr ecefifiepeadent of
each ot her, . _ - _ _
thereof is small. Accordingly, when the reflecting members
42 are placed so as to be opposed to the sound absorbing
plate 2, the reflected sounds are reflected by the
reflecting members 42 again and are input intofthe sound
.absorbing plate 2 again to be absorbed by it. Because
sounds having a shorter wavelength are input more
efficiently, sound absorption coefficients at frequencies
higher than the resonance frequency f, are increased, and
thereby sound absorption coefficients can be improved from
_lower_frequencies to higher frequencies as compared with
those of the pfior arts-1 to 3.
The sound absorbing panel is constructed by fofming,_
for example, a galvanized steel plate having the thickness
" of 1.6 mm into a box sized to be about 500 mm k 1960 mm x 50
mm as the sound insulating platé la, and by placing the
sound-absorbing_plate 2 having the thickness of about 3.5 mm
- in the box so that the thickness 115 of the back air spacee
11 becomes about 35 mm, to which sound absorbing plate 2 the
hollow members 30a are fixed so that_the thickness 12a of
the back'air'spaces 12 becomes about 9 mm for forming the

resonators 30. And then, square bars made from ABS resin

and having the width of about 27 mm and the height of about



-35- -the total sound absorption characteristic is the sumof respective
sound absorption characteristics, and the sound absorption coefficients.
thereof are consequently furthernore inproved even if they are conpared
wi.th those of the enbodinent 1. Since, the back air spaces 11 are separated
from each other by the supporting nenbers®90.a, 20b, and the back air
spaces 12 are separated fromthe back air spaces 11, and then from each
other, by tRE& MEGRR driscesh thFhen rakasditich pLlateoédr 8a9gh OLa@@ f urt her nore
the back air spaces 13 are separated fromthe back air spaces 12, and then
from the baddusinupalare hagiddeddie dhicknass ofe O-8sonaedds the aaget he
supporting menmbers 20b, respectively, each back air space 11, 12 and 13
respecti vel whpmenesh dnede g ddauty 4 0k ash dibebyreiftl eotdoge meagbeyst ¢0.
gener ate resonance phenonena, which brings about the inprovenent of the
sound absor @ridorcipar,f aira e tduwrianf plaiteca tike fiixiedr fter ehee soungound waves -
due to-phase.differences is thus tittle, the present sound .
insulating plate la. The sound absocrption characteristic of
- the sound absorbing panel'thus constructed is improved in
the sound absorption coefficients at frequencies higher than
about 1.5 kilo-Hz as compated to the sound absorption
characteristic in case of having no reflecting members, and
the former is totally improved at-a wider frequency band, as
shown in Fig. 25.

Similar effects can be expected in the case where
the reflecting members 42 are disposed to be parallel to the
resonators 30.

EMBODIMENT 14.

Figs. 26, 27 and 28 are longitudinal sectional views
showing the construction of a sound absorbing mechanism
using a porous material according to a_fourtéenth'embodiment
(embodiment 14) of the présent invention. In Figs. 26, 27
and 28, reference numeral 1 designates a sound insulator
such as a wall. Reference numerals 3a and 3b designate
sound absorbing_plétes_using a thin plate porous material
similar to the sound absorbing plate 2 of the embodiment 1.
The materials of the sound absorbing plates 3a and 3b are

plastic particles, a ceramic, foam metal or the like.

Reference numeral 11 designates a back air space of the



absor bi ng nechani sm has | arger sound absorption coefficients as conpared
with those of the prior arts 1 and 2. In Figs. 5 and 6, the enbodi nent 3
has | atticed supporting nmenbers 20a and 20b, but the present invention
‘conprises the use of the supporting nmenbers 20a al one or the supporting
menbers 20b al one. By such usage, a part-3f-the effects of the present
enbodi ment can be obtained. EMBODIMENT 4. Fig. 7 is a perspective view
showi ng. t he soundi@gbsegpinidu@liage 3@ /a ascumynessdr Bilagdesdanatsm Gbeng a
porous material according to a fourth enbodi-nent (enbodi nent 4) of the _
present i nvéitiickmesandFithe dack airompecedilial Referenge nuwershowdng the
sound absor bi ng mechani smusing a porous material of Fig. 7. In Figs. 7 and
8, referencderndlopiztles] adesicknalies spareund itheulbauad abebrbding pabktes
3b; numeral 1l4a designates the'thickness of the
perpendicular direction of the back air spaces 14; and
numeral 14b designates the thickness of the horizontal
direction of the back air spaces 14. Referencé numeral 32
designates plural increased sound absorbers compésed of a
sound absofbing'plate-Bb and a hollow member 32a and
disposed in front of the sound absorbing plate 3a so és to
- be opposed to the sound absorbing plate 3a with a space.
Reference numeral 81 designates an input sound into the back
air space 11; numeral 8la_designates_a re-input sound into
the back air space 11 which'reainput sound 8la is the input
sound 81 having been reflected by the sound absorbing plate
3a and an increased sound absorber 32; and humeral 81c
designatés'a reQinput.sound into a back air space 14 which
re-input sound 81c is the input sound 81 having been
reflected by the séund absorbing plate 3a. Reference
- numeral 84 designates an input sound into a back air sPace
14.
Next, the operation thereof will be described. The
‘resonance frequency f, of the input sound 81 is determined in
accordance with the thiékness lla of the back air space 11.

The resonance frequency f, of the input sound 84 is also

determined- in accordance with the thickness 1l4a or 14b of



Ref erence nuneral 2 is a sound absorbing plate simlar to that of the

enbodi nent 1. Reference nuneral 11 designates a back air space of the sound
absorbing plate 2; and nuneral 1la designates the thickness of the back air
space 11. Reference nuneral 40 designates plural reflecting nmenbers -

di sposed in front of the sound absorbing5§l-ate -2 so as to be opposed to the
sound absorblng plate . 2-wth a space. Reference nuneral 80, designates input.

sounds i nt otPRePBGEK2AF SBBSEE 11 WAPERC; ABBPTRBLARASCRSE Fhei®BtBvaded t he
reflecting menbers 40; nuneral 81 designates an input sound into the_back
air space 1IesaﬁethUﬁ%Vabesgaﬂed@%gﬁameétath@ refppanggufteawencie® Hack
air space 11 which re-input sound 8la is the input sound 81 having been
refl ect ed-bgft hbemoun8iabeoebrhgsplindeabsanbingrueeétbanisyg tenber 40. Such
mat eri al s as pol ypropyl ene resin, polyvinyl chloride resin, ABS resin and
-poIycarbonaﬁﬂdependenanobeeaehdoahethethateotalssoﬁnah&bsefpetémng menber s
40. The shapes of the reflecting members 40 may be a hol | owed pipe or a
solid rod. characteristic is the sum of the respective sound absorption
characteristics. Many sounds do not pass through the sound
‘absorbing plate 3a but are reflected on the surface thereof -
in the case where the sound absorbing coefficient thereof is
small. Accordingly, when the increaséd sound absorbers 32
are dispoSed so as to be opposed to the sound absorbing
plate 3a, thé reflected sound becomes the re-input sound 8lc
or the re-input sound 8la which is the re-input sound 8lc
reflected by an,incréaséd sound absorber 32 again and is
- input into*the sound absorbing plate 3a to be absorbed.
Because  sounds having a shorter wavelength become re-input
sounds 8la and 8lc more efficiently, sound absorption
coefficients at frequencies higher than the resonance
'frequency'ﬂ,aré increased, and thereby sound absorption
coefficients can be improved from lower frequencies to
higher fréquencies as compared with those of the prior art
1.
Because re-input sounds have a propagation path
longer than those of.inpﬁt sounds, their phases are shifted.
' Consequently, resonance phenomena aré reinforced at some

frequencies, which brings about the increase of sound

absorption coefficients. -



‘Next, the operation thereof will be described. The -37- resonance
frequency [err] of the back air space 11 is determned in accordance with
the thickness 1la thereof. Sound absorption coefficients becone maxi mim
when the frequencies of the input sounds 80 and 81 are equal to the
respective resonance frequencies [err]. Nihy sounds do not pass through the
sound absorbing plate 2 but are reflected on the surface thereof in the
case where the soun§°HSsEOHIES Ofeftbeciaputt Rereds intentihe. inererardgl y,
when the reflecting menbers 40 are pl aced so as to-be opposed to the sound
absor bi ng plsguad a begfd @& adss puldedarniatoetthecspdcey bhtweehl &bei ng
menbers 40 again and are input -into the sound absorbing plate 2 to be
absor bed by imicreBeed sowscl rdedriversg 32 swinge tonahel phghbmkaacsacheaisnput
sounds 8la nore efficiently,. the sound absorption coefficients at :
' diffraction. Because the impedance of them is matched and

their input angles become clbse to be perpendicular, they

are absorbed efficiently.

According to the results of some experiments, sound .
absorption coefficients are most improved in case of the
construction shown in Fig. 26 among the donstructions shown
in Figs. 26 to 28.

EMBODIMENT 15.

Figs. 29, 30 and 31 are'longitudinal-sedtional.vieWS'
showing the constructions of increased sound absorbeérs 32 of
sound absorbing mechanisms using a porous material according
to a fifteenth embodiment (embodiment 15) of the present
invention respectively. 1In Figs. 29, 30 and 31, reference

- numerals 3b, 3¢, 3d and 3e designate sound absorbing plates
using a thin plate pofous material. - The materials of the

- sound absorbing plates 3b, 3¢, 34 and 3e are plastic
particles, a ceramic, foam metal or the like. Reference
numerals 14, 15, 16 and 17 designate back air spaces of the
sound absorbing plates 3b, 3¢, 3d and 3e. Because this
embodiment separates the sound abéorbing plates 3b, 3¢, 3d
and 3e and their back air spaces 14, 15, 16 and 17

respectively, plurél resonance frequencies £, can be set, and

thereby the frequencies having the local maximum sound.



frequenci es higher than the resonance frequency [err] are increased, and
t hereby sound absorption coefficients can be inproved from/l ower
frequenci es to higher frequencies as conpared with those of the prior arts.
Because the re-input sounds 8la have propagation paths |onger than those of "’
-the input sounds 81, their phases are shi58ted. Consequently, resonance
phenonmena are reinforced at sonme frequencies, which brings about the
increase of 2080KBtaRRoFPEEEACEBBES FRRehesdisRersRdut Sonfaguentlye the
essentially reflected on the top surfaces of the reflecting nenbers 40, but -
sone sound dastributipanprire gehnddabapspthenspacéfipéeneenhaneéng a- 38-
reflecting nenbers 40 owing to the phenonena such as diffraction. Because
t he i npedanferthetrhomei videtclizdquadcyhbandi oput bangbesihedone cl ose to be
per pendi cul ar, they _ : : '
EMBODIMENT 16. '
Fig. 32 is a perspective view showing the
'construction_of a sound absorbing mechanism using a porous
material according to.a'sixteenth-embddiment (embodiment 16)
of the present invention; Fig. 33 is a longitudinal
sectional view showing the sound absorbing mechanism using a
porous material shown in Fig. 33; Fig. 34 is a sound
absorption characteristic diagram in conformity with the
method for measurement of sound absorption.coefficients in a
| reverberation rbom; and Fig.;35 is a characteristic diagram
shoWing the ratios of the sound absorption coefficients in
the case where the sound absorbing mechanism shown in Figs.
32 and 33 is equipped with the increased sound absorbers 32
to the sound absorptibn coefficients in the case where the
sound absorbing mechanism is not equipped with the increased
sound absorbers 32. In Figs. 32 and 33, reference numeral 1
designatés a sound insulator such as a wall. Reference
numerals 3a and 3b-designate sound absorbing plates using a
hard thiﬁ plate pofous material. The materials of the soupd
| absorbing'platés 3a and 3b are plastic particles, a ceramic,
foam metal or the like. Reference numerals 11 and 12

designate back air spaceé of the sound absorbing plate 3a;

‘and numerals 1la and 12a designate the thicknesses of the



are absorbed efficiently. EMBODIMENT 5. Fig. 9 is a longitudinal sectional
- view showi ng the construction of a sound absorbi ng mechani smusing a porous
- material according to a fifth enbodi ment (enbodi ment 5) of the present
~invention. In Fig. 5 reference. nuneral 41 designates plural reflecting
| nenbers di-sposed in front of the sound db%orbing plate 2 with a space from
- the sound absorbing plate 2 and having a sectional formof an_inverted
trapezoi d. bBetagde ERAGES |1dc BNsh 1fe ASSPECALVELY -ut REEFECRCS THRE S e
~surfaces of themto reflect sound waves, re- input sounds 8la can be
obt ai ned nre defefligriadred \EheChasikywdn Ispaceise ofolle SPYOLPRPERTOBES i ci ent s
at - frequenci es higher than the resonance frequency [err] are increased, and
ther eby souylchtaks @it isord qoedeiadi drtes degidrationptee ¢ hiickmelsswet the
f.requenm es to higher frequencies as conpared with those of the prior art
1. EMBODI Mpdkgendhidialald disreictiess REC tihee backwadhowipagesha 4 .
‘Reference numerals 20a and 20b designate latticed supporting
members for supporting the sound absorbing plate 3a so as ;6
be opposed to the sound insulator 1 ébqve the sound
insulator 1 with the space of the thickness 1la of the vack
air spaces 11. Reference numeral 30 designates resonators
‘equipped to the sound insulator 1 side of the sound
abgorbing plate 3a with the space of the thickness 12a of
the back air'spaqes 12; and numeral 30a designates hollow
members for forming the resonators 30. The resonators 30
are disposed so as to be parallel to the supporting members
20a and perpendicular to the supporting members 20b.
Reference numeral 32 deéignates plural increased sound
' absorbers composed of a sound absorbing plate 3b and a back
air space 14 and disposed so as to be opposed to the top
surface of the sound absorbiﬁg plate 3a. Reference numeral
81 designates an input sound into a back air space 11;
numeral 81b designates a re-input sound into a back air
space 12 which re-input sound 81b is the input sound 81
having been reflected by the sound absorbing plate 3a and an
increased sound absorber 32; numera1-82 designates an input

sound into.a back air space 12; and numeral 82b designétes a

re-input sound into a back air space 11 which re-input sound |



construction of a sound absorbi ng nechani smusing a porous nateri al
raccording to a sixth enbodi nent (enbodi nent 6) of the present invention;’
and Figs. 11 and 12 are | ongitudinal sectional view show ng the '
construction of the sound -39- absorbi ng nmechanj sm using a porous
material shown in Fig. 10. In Figs. 10, “$%-and 12, reference nuneral 1

desi gnates a soundBLnsulator such as a .. Reference nuneral 2 designates

a sound abs®fBihg bPSt enBRR PR 08?h%fxgréth%e%nﬁﬁéﬂﬁﬁﬁﬁdJ?YF&#%wﬁﬁﬁﬁﬁ
nunerals 11 and 12 designate back air spaces of the sound absorbing plate
2; and nunerBserhingaplatieaddcangnanclnpreasedosound abperbess¥. of the
back air spaces 11 and 12." Reference nunerals 20a and 20b desi gnate
latticed suppberéngeneuberslfdt deppognatesy ameispundsabsdrinmg pllkdek 2 so
.as to be opposed to the sound insulator 1 with the space of the thickness
1la of the abrkspacespaces
‘Next, the operation thereof will be described.
Since the back air spaces 11 are-seperated by the supporting
members 20a and 20b and the back air spaces 12 are seperated
by the hollow members 36a and the supporting members 20b
' respectively, each_back-air;space 11 and each back.air-space
12 respectively-operate independently as described in the
embodiment 1, and thereby it becomes easy to generate
-resonance phenomena, which brings'abour-the improvement of
the soundlabsorption performance thereof. éince the
interference.of sound waves due to phase differences is thus
little,.the present sound absorbing mechanism has larger
sound absorprion coefficients as.combared with those of the
-prior arts 1 and 2. The resonaﬁce frequency ﬂ;of the input
sound 81 is determined ﬁeinly in accordance with the
thickness 1la of the back air spaceslll. The resonance
_ frequeney f, of the input sound-84 is also determined mainly
'in accordance with the thickness l4a of the back air spaces
+14. Sound abserption coefficients respectively_become
maximum at the resonance frequencies £, of them. Since each
sound absorbing mechanism is independent of each other, ;he'

total sound absorption characteristic is the sum of the

respective sound absorption characteristics. Furthermore,



- 11. Reference nuneral 30 designates resonators fixed to the insulator 1
._S|de of the sound absorbing plate 2 with the space of the thickness 12a of
‘the back air spaces 12; nuneral 30a designates holl ow nenbers for form ng
‘the resonators 30. ‘The.resonators 30 are disposed so as to be parallel to
-the supporting nenbers 20a-and perpendic@lar to the supporting nenbers 20b.
. Reference nuneral 40 designates plural reflecting nenbers_ di sposed in front
of the soumemabssrEIdy 40 RE Pags FQuVHe thepFRRE 3oERITI B 185$0r6i ng
plate 2 with a space and parallel to the resonators 30. Reference numner al
81 desi gnattest @re nmfilexhedl amithes syflacs thareed in themeage ghere
designates a-re-input sound into-a back air space 11 which re-input Sound
- 8la is the tipHowslrabsdriing rgpefifiirc iregft! ddtesredfy ishemeddnd absor bi ng
plate 2 and a reflecting member 40; numeral 81b designates a re- -40-

Accordingly, when the increased sound absorbers 32 are

placed so as to be opposed to the sound absorbing plate 3a,

the reflected sounds are reflected by the increased sound

absorbers 42 again and are input into the sound absorbing

plate 3a as the re-input sounds 81b and 82b to be absorbed

by it. - Because sounds having a shorter wavelength become

re-input sounds,81b and 82b more efficiently, sound

absdrption coefficients at frequencies higher than the

resonance frequency £, are increased, and thereby sound

absorption. coefficients can be imprdVed from lower

frequencies to higher frequencies as compared with those of

the prior arts 1 to 3.

Because the re-input sounds have a propagation path .

longer than thése of the input sounds, their phases are

 shifted. Consequently, resonance phehomena are reinforced
at some frequencies, which brings about the increase of
sound absorption coefficients.

Some sounds of the input sounds into the increased
sound absorbers 32 are pulled into the spaces between the
increased sound absorbers 32 owing to the phenomena such as

| diffraction. Because the impedance of them is matched and

their input angles become close to be perpendicular, they

are absorbed efficiently.



I nput sound into a.back air space 12 which re-input sound 81lb is the input
sound 81 having been reflected by .the sound absorbing plate 2 and a
reflecting nmenber 40; nuneral 82 designates an input sound into a back air
space 12; and nuneral 82b designates a re-input -sound into a back air space
11 which re-input sound 82b is the input®@ound 82 having been reflected by

t he sound absor bi ng ﬁlate 2 ang a reflectiqg penber 40. Such materials as
pol ypropyl ene resi nTHBoPYURAyRLERTRI NI dMeeia Rl sEIEeR 3 B4R BYASR ar bonat e

resin can be used as the naterials of the.reflgctinf menbers 40. Since the
‘sound absorBPHEgupl Bakeyripd sgppbet egupg aheosbpngrpiatesedderrd 28R, and 20b,
the strength of the sound abserbing plate 2 is increased. The shapes of the
refl ecting whhbbrpozousapaberaahoisomede pbpepart baklyibeaoviing Nend, t-he
operation thereof will be described. The resonance frequency [err] of the
I nput soundwé&ldingdplestiiaegantiolysi madecbrdanpel ypidpyhend hrekiwss 1la of
t he back air spaces 11. The resonance frequency [err] of the input sound 82
polyvinyl chloride resin, ABS resin, polycarbonate resin or
the like, and is fully disclésed in Japanese Published
Unexamined Patent Applicatiqn of No. 289333 / 1990 (Tokkai-
- Heli 2-289333) titled "Tékbshitsu Kozotai (Porous Matérial)“.
The sound absorbing plate 3a héving the thickness of about
3.5 mm is fixed so that the thickness 1la of the back air
-spaces 11 becomes about 35 mm, and the hollow members 30a
aré fixed to the sound absorbing plate 3a so that the .
thickness 12a of.the back air spaces 12 becomes about 9 mm
for forming the resonators 30. The sound absorbing plates
3b having a thickness of about 3.5 mm are fixed so that the
-thicknesses 14a of the back air spaces 14 becomes about 10
mm. And then, Ehe indreased sound absorbers 32 thus
constructed and sized to have the width of about 33 mm and
the height of about 15 mm are disposed with a space of about
15 mm from the sound absorbing plate'3a so as to be
.perpehdicular to the résonators'30. The sound absorption
characteristic of the sound.abéorbingfmechanism thus
constructed is improved in sound absorption coefficients at
frequencies higher than about 1.25 kilo-Hz and is totally

improved at a wider frequency band as compared to the sound

absorption characteristic in case of having no increased



is also determned mainly in accordance with the thickness 12a of the back
air spaces 12. The sound absorption coefficients respectively becone
‘maxi mum at the resonance frequencies [err] of them Since each sound
“absorbi ng mechanismis independent of the other, the total sound -absorption -
~characteristic is the sumof respective &dund absorption characteristics.

Since the back air spaces 11 are separat.ed -41- t he ,su rtin
menbers 208N BRPHREEHADH O 1 JHE £2 aé’rdeb%’epa d‘tn&%p S hg

resonators 30 and the supporting nenbers 20b respectively, each back air

space 11 ampundmbseibing Birke 3@ Fesprrantad kpdha SUDRPESER®Eent | y as

described.in the enbodinent 1, and thereby it becones easy to generate

resonance pismimeen R 0avianch 205 ngshealaiutendtd jofpridvee momnd fakiseerbsidiehd

absorption performance thereof. Since the interference of sound waves

- plate 3a is increased. According to the results of some

_experimeﬁts, sound absorption ¢qefficients ére furthermore
improved at £hé thickness.lza Qf the back air space 12 being
about 15 mm. | | |

In Figs. 32 and 33, the embodiment 16 has 1atticed
supportiﬁg members 20a and 20b, but the present invention
'comérises the use of the supporting members 20# alone or the

"suppérting-members 20b alone. By such usage, the effeéts'
similar to those of the present embddiment can be expected;
Similar effects also can be expected in the case where the'
increased sound absorbérs 32 are disépsed tb be parallel to
the resoﬁatorS'BO. |
"EMBODIMENT 1;7. .'

Fig. 36 is a longitudinai sectional view sh&wihg-the
construction of a sound absorbing panel using a porous
materia1 acc6rding to a seventeenth émbodiment.(embodiment
_17)'of the present invention. In Fig. 36, refefence numeral
la désignates a sound insulating plate also serving as a
housing of the sound absorbing panei. Reference numeral 4.
designates a protecting plate made of a.punching metal or
the like, which protecting pléte 4 has aﬁ least one opening

‘and ig fixed to the insulating plate l1la so as to cover the

opened paft of the sound insulating plate la. Reference



due to phase differences is thus little, the present sound absorbing
mechani sm has | arger sound absorption coefficients as conpared with those
of the prior arts 1 and 2: Furthernore, many sounds do not pass through the
sound absorbing plate 2 but are reflected on the surface thereof in the
- case where the sound absorbing coefficiedd-thereof is small. Accordingly,
when the refl.ecting nenbers 40 are placed so as to be opposed tq the_sound

- absorbi ng plumeral A4 JesiErRtar formmRpantdnemeshedd far dHeresing: hf
menbers 40 again and are input into the sound absorbing plate 2 as the-
re-input sdmmressed sundmbsabars B abfheankppdt nagdezuseaddwnegs
having a shorter wavel ength becone re-input sounds 8la, 81b and 82b nore
efficientlyin tdhe sowbwtiakesor (t6 driougs fabsiuintes fects @(ilnéﬂ@irestdwit@ime t han
‘the resonance frequency [err] are increased, and thereby sound absorption
coef fi ci ente¥ e kanboqimesad 16 awdnvied it dguepplded aditgleerfdmegqferci es
-as conpared with those of the prior arts 1 to 3.

sound absorbing panel as shown in this embodiment.

EMBODIMENT 18.

Figs. 37 and 39 aie'perspective views showing the
constructions of sound absorbing mechanisms using poroﬁs
materials according to an eighteenth embodiment (embodiment
'18) of the present invention; and Figs. 38 and 40 are
longitudinal sectional views showing each sound absorbing
mechanism shown in Figs. 37 and 39 respectively. 1In Figs.

. 37 to 40, referehce'numerals 3b and 3¢ designate sound
absorbing plates using a thin plate porous material. The
materials of the sound absorbing plates 3b and 3c are
plestic particles, a ceramic, foam metal or the like. The

 sound absorbing plates 3a and 3b form the back air spaces 14
and increased sound absorbers 32 and are disposed so that
the sound absorbing plate 3a is put between the sound
absorbing plates 3b or 3c and the supporting members 20a or
20b. The increased sound absorbefs 33 composed of a sound
absorbing plate 3b and a back air space 14 are disposed so
that the sound absofbing plate 3a is put between the
increased sound absorbers 33 and the supporting members 20a

or 20b. Reference numeral 8la designates a re-input sound

into a back air space 11 which re-input sound 8la is the



" -42- In Figs. 10, 11 and 12, the enbodinent 6 has latticed supporting
-menbers 20a and 20b, but the present invention conprises the use of the .
supporting nmenbers 20a al one or the supporting nmenbers 20b alone. By such
usage, a part of the-effects of the present enbodi nent can be obtai ned.
EMBODI MENT 7. Fig. 13 is a perspective ¥®w showi ng the construction of a

- sound absorbi ng mechani sm_usin porous__nmaterj al cording to a_seventh
enbodi nent & &4 hav %&eé%é%ﬁf]1m g’yn%%ﬁ §° % Pgsgrgdﬁﬁd

absorption characteristic diagramin conformty with the nmethod for

nmeasur enentpleit & @an b st gnaxieassst mnchedsorbery dder h&ALTEREoom and

Fig. 15 is a characteristic diagramshowing an effect of the reflecting

_merrt)ﬁres 40 nuFiegall B Ish cles iigna trest ia)sfa)‘fim mnm@l aimdor gt bewkcedt i cients

e 'spacé'14 whichire—input souhd 8lc is thé input sound 81 |
having been reflected-b? the sound absorbing plate 3a.

The thus constructed sound absorbing mechanism using
a porous material has not only the éﬁfect of the improvement
of sound absorption coefficients as described with respect
to the embodiment 16 but also the effect of the increase of
the streﬁgth of the sound absorbing plate 3a.

In Figs. 37 to 40, fhe embodiment 18 has.latticed',
supporting memberé 20a .and 20b, but the'present invention
'comprises.the use of the suppdrfing_members.20a'alone or the
'supporting memﬁers 20b alone. By.such.usage, the effects
similar to those of the-preSent embodiment can be expegted.
EMBODIMENT 19.

Fig. 41 is a longitudinal séctional view showing the
cdﬁstrucﬁion of é sound absorbing mechanism using a porous
‘material according to a_nineteenth embodiment (embodiment
19) of the'present invention. In Fig. 41, reference numeral
1 designates a sound insulaﬁér such as a wall. Referénce'
numérals 3a and 35 designate sound absorbing plates using a
thin plate porous material. The materials of the sound
absorbinglplatés 3a and 3b are plasticlparticles, a ceramic;

foam metal or the like. Reference numeral 4 designates a

protecting plate made of a punching metal or the like, which



case where the sound absorbing nechani sm shown in Fig. 13 is equipped with
the reflecting nenbers 40 to the sound absorption coefficients in the case
where the sound absorbi ng nechanismis not equipped with the reflecting
. menbers 40. The reflecting nmenbers 40 are opposed to the top surface of the
sound 3b50{birg p#ﬁtedz, and -di sposed t®%e crossed with the resonators 30
perpendi cul arly. The dispositions of .the reflecting nenbers 4Q.shown.in
Figs. 10 t ®refegtdgpplateatoles R I6G7EF é’ﬁ‘?oPFFingng?f‘ch'? gﬁﬁﬁﬁsﬁﬂ Fi gs.
.14 and 15 basically. The directions of the. -43- dispositiaons of the .
refl ecting Seemserts & ©PRARed &sordicotoP3Guaifacrort] thet 88UPE t he shown
- perpendi cul ar and parallel directions, but they may be arbitrary. And, .
s m.lar sowkscdEagpElateFect Refaremecopugered 14 crsignatesarfiedi rection
| spositions. -
- back air space of the sound absorbing plate 3a; and numeral

" 1la designates the thickness of the.back air space 11.
Reference numeral 14 designates back air spaces of the.souﬁdl
-absorbiﬁg plates'3b; and numeral 1l4a designates the
_thicknese of the perpendicular direetién of the back aif
space 14. Reference numefal 32 designates ﬁlurel increased
sound absorbers ﬁixed to the protectihg plate 4 and coﬁposed
of a sound absorbing plate 3b and a back air space 14 and
furthermore disposed_so as to be opposed to the top surface
of the sound absorbing plate 3a. Reference numeral 81
deeiénates-en input'squhd into the back air space 11; and
numeral 8lc desiénates a xe4input seﬁnd into a back air
space 14 which re-input sound 81c is the input'sound é;
having been reflected by the sound absorbing plate 3a.

Since the sound absorbing mechanism using a porous
material ef the'embodimenﬁ 19 is thus constfucted, it can
improve sound absorption coefficiepts.at lower frequeﬁcies
to higher frequencies similarly in the embodiment 14. Aﬁd
it.can preveht the damage of the'squﬁd absorbiﬁg plate 3a by
means of the protecting plate 4. Furthermore, since the
increased seund_absofbefs 32 are fixed to the protecting
plate 4 in advanee, they eerve also-as reinforcements to the

protecting plate 4 and the efficiency of fitting operation



Next, the -operation thereof will be described. The sound absor bi ng

mechani smis constructed by placing, for exanple, a sound absorbing plate 2
‘having the thickness of 3.5 nmso that the thickness 1la of the back air
spaces 11 becomes about 35 nm to which sound absorbing plate 2 hol | ow
nmenbers 30a are fixed so that the thickndss 12a of .the back air spaces 12

becones about mm for formng.the resonators 30. ,And thep, square pipes
made from ABS FE§ ﬁ%ﬁ%ﬁﬁ%&Fﬁhglﬁﬁé & &tn &Ft&BQUF1§§Snﬁ§aH&gghe hei ght of

about 15 mm are di'sposed wi th the space of about 10 nmfromthe sound
absorbing plate 2 aghenh&ored aberrhingnbdrses8b TAR bsuayrassefptpohave
characteristic of the sound absorbing mechani smthus constructed is
i mproved i nstimdleaued fgister Jn omseoeff beilogt £ixedf pegpendievlhairdretot han
about 1.5 kilo-Hz owing to the effect of reflection and at frequencies
lower than &heuprodectHingwpigtieo 4t he ehbeat iaf Fiki.t 2Besonati on phenonena as
conpared to the sound absorption characteristic in case of having no
reflecting esEoISIENIN@oOt.he former is totally inproved at a wi der frequency
band, as shown in : ' : ' :
Fig. 42 is a perspective view showing the

construction of a sound absorbing ﬁechanism using a porous

material according to a twentieth embodiment (embodiment 20)

- of the present invention; and Fig. 43 is a longitudinal

- sectional view showing the sound absorbing mechanism using a
porous material shown in Fig.'42. In Figs. 42 and 43,
reference numeral 1 designetes a sound.insuletor such as a
wall. Reference numerals 3a and 3¢ designate sound
absorbing plates using a thin plate pbrous material similar
to the sound absofbing plate 2 in the embodiment 1. The
materials of the sound absorbing plates 3a and 3c are
plastic particles, a eeramic, foam.metal or the like.

- Reference numeral 4 designates a protecting plate made of a-

. punching meﬁal or the like, which protecting plate 4 has at
least one opening and is disposed g0 as to be opposed to the
top surface of the sound absorbing plate 3a. Reference
numerals 11 and 12 designaﬁe back air spaces'of the sound
absorbing plete 3a; and numerale 1la and 12a designate the
thicknesses of the back air space 11 and 12 respectively,

Reference numeral 14 designates back air spaces of the sound

absorbing plates 3c. Reference numerals 20a and 20b



Figs. 14 and 15. According to the results of sone experinents, sound
absorption coefficients are furthernore -44- inproved at the thickness
12a of the back air spaces 12 being about 15 nm and at the space between
the reflecting nenbers 40 and the sound absorbing plate 2 being 15 nm
EMBODI MENT 8. Fig. 16 is a |ongitudinal 3®tional view showing the

o a of ght b ASRISRRE LA B0 PSR 150 FRBBe gL GPEPATanEPoRhatn Chrg. | 16,
reference nuneral | a designates a sound insulating plate alsQ serving as a
housi ng of ERATSHFRFRNEADIGFEFaRE 1ROPBPERCe tRUFBLaPOundedngHAREST, L
protecting plate made-of a punching nmetal or the |ike, which protecting
pl ate 4 haswith &hst smecopdhithe &hd ckaemiscdda oft ke hegkarilifgsphate | a so
as to cover the . " . :
. 11. Reference numeral 30 designates resonators fixed to the
insﬁlatér 1 side éf the sound.absorbing.plate 3a with the
'space of the thickness 12a of the back air spaces 12; aﬁd
'numerél 30a deéignates hollow members fbrlfqrming the
resonators 30.. The resénatdrs'30 are disposed so as to be
parallel to the éupporting members 20a and perpendicular.to'
| the supporting members 20b. Reﬁerénce numeral 32
deéignatés plurél increased sound absorbers fixed to the
protecting plate 4 and cpmeéed of a sound absdrbing plate
30'and a.béck air spade 14. The increased souna absorbers
. 32 are disposed so that the sound absorbing plate 3a is put
betﬁéen.the increésed sound. absorbers 32-and the supporting
ImemberS'ZOa or 20b. Reference numeral 81 desighates an
'input'sound ingo a back air spade 11; nﬁméral 8lc designateé
a re-input spuhd into.a back air gpace 14 which re-input
sound 81lc is the'ihput sound 81 having been reflected by the
sound absorbing plate 3a; and numerél 82 désignates an input
sound inﬁo a back air space 12.
Next, the operation thereof will be deécribed.
Since thé éound'absorbing mgchanism.using a poréus material
. of the embodiment 20 is'thus-constructed, it can impréve '

sound'absorption coefficients at lower fregquencies to higher

frequencies as described in the embodiment 18. And it can



opened part of the sound insulating plate | a. Reference nuneral JTE;SHEEFHASBEE
desi gnates a supporting nenber for disposing the reflecting ne ;50
directions of the reflecting nmenbers 40 may be parallel or perpendicular-to
the resonators 30. This sound absorbing panel has the sane effects as those
of the enbodinents 6 and 7. EMBODI MENT 9:6%ig. 17 is a | ongitudi nal

secti onal VIeM/ShOMAng the. construction of_a_sound absaqrbing mechani sm

usi ng a por AFEVietteriiy demags)idly the 2awnst rhemsddnge ml Gdie Meams of

t he present |nvent|on In Fig. 17, reference nuneral 1 designates a sound

i nsul ator s@wdh the Prefiectivg @late dnundugt he rnedieg n gl ea tHguiscries®ed ng
plate sinilar to that - -45- of the enbodiment 1; and nuneral 4 designates
a protecti n@qumi elbmddarfs 382 arshifigedettal tde tplr@tleldtanngmmhepﬂow@ctl ng

advance,_they serve also as reinforcements to the protecting

plate 4 and the efficiency of fitting operation of the

protgcting plate 4 at fitting sites is high. The streﬁgth

of the sound absorbing élate 3a is also increased by the
 sound absorbersl32.

In Figs. 42 and 43, the embodiment 20 has latticed
'suﬁporting members 20a and.20b,'but_the present invention
comprises the use of the suppofting meﬁbers 20a alone of the
supporting members 20b alone. -By such usage, a part of the.
effects of the present embodiment can be obtained. |

.It will be appreciated from the foregoing
description that, according to the,first aspect of the
present invention, the sound absorbing mechanism is
constructed so as to subport a sound absorbing blate above a

" sound insulator, to form fifst separated plural back air
spaées by separating a space between the sound absorbing
plate and the sound insulator, and to form a first resonator
‘having a secpnd back air space separatéd from the first.back
air space in each first back air space, and consequently,
the sound absorbing mechanism which has a superior soﬁnd
absorption characteristic from lower frequencies to higher
frequencies can be obtained. | |

Furthermore, according to the second aspect of the



plate 4 has at |east one opening and is di sposed so as to be opposed to the
‘top surface of the sound absorbing plate 2. Reference nuneral 11 designates
t he back air space of-the sound absorbing plate 2; and nuneral 1la
“designates the-thickness of the back air _space 11. Reference nuneral 42
designates plural reflecting menbers fixd@-to the protecting plate 4 and
di sposed in_front, of_the soundgﬁbsorbi g glate 2 Wwth a space fromthe

r

sound~absor%¥%@eﬂFa%%vﬁptﬁ@?er e SEYOHA | BRERZRIHR tRput sound
into the back air space 11; and nuneral 8la designates a re-input sound
‘into the batREEFFUCHELeS212RNFENCPERT HBEIPESTRY Bablecting mepReround 81
havi ng been _refl ected bﬁ the sound absorbing plate 2 and a reflecting
menber 42. $iuepofedevibhsaasppetypropytieacseurd pbeotlyingyplate orand resin,
ABS resin and pol ycarbonate resin can be used as the material of the sound
absor bi ng ptanee@ueiibbyshtpessoind habsetbing i mechamnien sviicirayadea a
hol | owed pipe or a-solid rod. Next, the operation thereof will be
described. sUperior sound absorption characteristic from lower '
frequencies to higher freQuencies can be obtained.

Furthermpre, according to the third aspect of the
present  invention, the sound absorbing mechanism is
constructed so as to comprise plural reflecting members
disposed in front of a sound absorbing plate with a space

'from-the-sound absorbing plate, and a protecting plate

- disposed in front of the reflecting-members for fixing the

| reflecting members which protecting plate has an opening,
and consequently, the sound absorbing mechahism which has a
_superior SOund-absorption characteristig from lower
frequencies to_higher-freéuencies can be obtained.

Furthermore, according to the fourth aspect of the
present invention, the sound absorbing mechanism is
constructed so as to comprise plural sound absorbers
composed of a thin plate of a porous material and a second
hollbw member, which'SOUnd absorbers are disposed in front

- of a sound absorbing plate, and conéequently, the sound
- absorbing mechanism which has.a superior sound absorption
characteristic from lower frequencies to higher frequencies

can be obtained.

Furthermore, according to the fifth aspect of the



resonance frequency [err] of the input sound 81 is determined in accordance
with the thickness 1la of the back air space 11. sound absorption
coefficients become maxi mum at the resonance frequency [err]. Many sounds
do not pass through the.sound absorbing plate 2 but are reflected on the
surface -46- thereof in the case wherdlthe sound absorbing coefficient
thereof is small. Agcordin % when tg efl e¢cting nenbers 42 are placed
so as to bepasﬁsgédlpaepﬁé §0uﬁaeaSQHP ﬁgsBFQPBQZmeFHQnFEPIéﬁted sound is
reflected by a reflecting menber 42 again and is input into the sound
absor bi ng pFapetyugtedhsor asj kpucoBpyAgespiuralpecupdonbearberst . Because
sounds having a shorter wavel ength becone re-input sounds 8la nore

ef fici ent| ycompessdued absbipt b gﬁtéo@ffBcpeﬁpgsamatﬁeéaénenésathhendthan
t he resonance frequency [err] are increased, and thereby sound absorption
coef fi ci ent boddpwhmember, which sound absorbers are disposed in front

_ of a sound absorbing plate, and a protecting plate disposed
‘ in front of'the sound;absorbers, which protecting plate.hes
- an epening, and consequently, the sound absorbing mechanism
whicn'has a snperior sound absorption characteristic from
lower frequencies to higher frequencies.can be obtained.
Fnrthermore, eccording to the sikﬁh aspect of the
present invention,.the sound absorbing mechanism is -
construeted so as'fo'comprise a sound absorbing plate and
plural reflecting members disposed in frone of the seund
absorbing plate with a space from the sound absorbing plate,
and censequently, the sound ebsorbing mechanism.which has a
| superior seUnd'ebsorpfion characteristic from lower
frequencies to higher frequeéncies can be'obtained.
'Furthermore, adcording'to the seventh aspect of the
present invent;on, the sound absorbing.mechanism is
constfucted so as to eomprise a'protecting plate disposed in
front of reflecting members; which protecting plate ‘has an
opening, and conseéuently, the sound absorbing mechanism -
which has a superior sound absorptien characteristic from
lower freqnencies to higher frequencies can be obtained.
Furthermore, according to the eighth aspect of the

present invention, the sound absorbing mechanism is



I nproved from |l ower frequencies to higher frequencies as conpared with
those of the prior art 1. Besides, the danage of the sound absorbing plate
2 can be prevented by the protecting plate 4. Since the reflecting nenbers
42 are fixed to the protecting plate 4 in_advance, the efficiency of .
fitting operation of the protecting plaf324 at fitting sites is high. The

reflecting H? % serv | sQ a reinforg nt teriqt of th
protecting prate 4. . FIg. s a pé : i ng
teoting SraPeractednRby fBNFo1GoRRr IoL 1o b8 BheolBt b Pl W
the construc ion_ﬁt a i%und bsorbing mechani sm using a porous materi al
accordi ng t8%a?t EAtH BABbEi REnE PRFRB ﬂiﬁ%ﬁ?riﬁ}'o?nﬁh%pﬁﬁﬁs%h?°¥h%ﬁﬁtion;
and Fig. 19 is a |longitudi nal sectional view show ng the sound absor bi ng
mechani sm uSPHECEePoPEUd FBierPARtenhehinai RorPys nateriakiynd aghehiowo,
reference nuneral 4 designates a protecting plate made of a .
member, which sound absorbers are disposed in front of the
- sound absorbing plate with a space from the sound absorbing
plate, and consequéntly, the sound absorbing mechanism which
has a superior sound absorption characterietic_from lower
frequencies to higher frequencies can be obtained.

Furthermore, according to the ninth aspect of the

inventioh,'the sound absorbing mechanism is constructed'so_
~as to comprise a protecting plate disposed in front of
plural sound absorbers for fixing the sound absorbers, which .
protecting plate has an opening, and consequently, the sound
'absofbing mechanism which has a superior sound absorption
characteristic from lower frequencies'to higher frequencies
can be obtained. '

Furthermore, aecording to the tenth aspect of the
present inventien, the sound absorbing mechanism is
‘constructed so that the sound absorbing plate thereof is
made by welding'plastic particles partially, and

~ consequently, the sound absorbing mechanism which has a
superior sound absorption characteristic from lower
'frequencies to higher frequencies can be obtained.

Furthermore, according to the eleventh aspect of the

present invention, the sound absorbing mechanism is

constructed so as to be a sound absorbing panel by equipping



-47- punching netal or the like, which protecting plate 4 is f ﬂhﬂﬁSH&ETHASBEEE
bending its portions corresponding.to the reflecting nenbers des REPRAGED .
in the enbodi nent 9 and has openings in the portions other thar

.portions corresponding to the reflecting nenbers 42 and furthernore is

di sposed so as to be opposed to the top-g8rface of the sound absorbing
plate 2. The sound. absorbj ng nmechani smthus constructed has al sq {he sane

Bt fect s as THECERGr RRBLaNUE REACS AL ENBOPABRICA 1 F99d raraing
‘perspective view showi ng_the construction of a sound absorbi ng nmechani sm
using a porBECPABIER; aPNACEORBPHYCEBL Y/ cFhe FRWNE PP HRIRG (RePiRR MRt 11)
‘of the present invention; and Fig. 21 is a longitudinal sectional.view

showi ng t hewBaghdhapsar BRRAYT HEEhaPHRd akpPprPhioprdirrasierigtioffyeny. 20.

In Figs. 20 and 21, reference nuneral 1 designates a sound insul ator such

as a wal | . Reverefirequeneies Rodeighent Exequencies abanrie noptph tned.

Furthermore, according to tﬁe twelfth aspect of thé
present invention, the sound absorbing mechanism is | |
constructed so as to comprise third hollow members for
forming éecond'resonators having a fhird back air space, and
copsequently, ﬁhe sound'absorbing mechanism Whiéh has a
superior sound abgorption characterisfic from lower
frequencies to higher frequencies can be obtained.

Whilé preferred embodiments of the preéent invention
_havé been described using specific terms, such-description
is_fﬁr illustrative purpbses only, and it is to be
understood that'changes_apd'variétiﬁns may be made.without.

departing from the spirit or scope of the follbwing claims.

ARG

This Sheet Has Been Replaced :



simlar to that of the embodi ment 1; and reference nuneral 4 q&st
pr ot ect i ng Thissheet HmdeerHepReepUNCchi ng netal or the like, which]

" plate has op di sposed in front of the sound absorbln
Ref erence nu 12 desi gnate back air spaces of the so
absorbing plate 2, rdls 1la and-1%a designate respmlmmmL “ m“‘

t hi cknesses of the back air spaces 11 and 12. Reference nu

20b designate latticed supportlﬂ%ﬂ§14ldﬂgéﬂ%¥ﬁga;§—for suppor'ti fg fhe sound :

absorbing plate 2 so as to be opposed to the sound insulator 1 above the

sound insul ator 1 v+ R terundakseoine neqhatiass UBiaD R B Pck air

spaces 11. Ref erence nuneral 30 designates’ resonators equipped to the

i nsul at or mastiateial td e qilacabsm B rpyidtinguldtdr tsweh e a ofalilhe

thickness 12a of the back air spaces 12; and nuneral 30a designates hollow
- menbers forcomprising: |

-a sound absorbing plate madg of a thin plate of a
porous material;. .

a supporting member for supporting said sound
absofbing'plate.above said sound insulator, the supporting
meﬁber forming séparaﬁed plural first back air spaces by |
separating a space betweeﬁ éaid sound absqrbing plate.and
said.sound insulator; énd

a'first.hoilow member fixed'to-a back of said sound
absorbing pléte for forming a first resonator having a
seéond back air space separated ffom said first back air
space in each firét back air space;

2. The sbuﬁd.absorbing mechanism using'a porous
material according to claim 1, whiéh further comprises’
plurél reflecting members disposed in front of said sound

: abéorbing plate with é space from the sound absorbing_pla;e.

.3. The sound absofbihg mechanism using a porous
material according to élaim 1, which further comprises;

lplural reflecting ﬁeﬁbers dispoged ih front of said .
sound absdrbing plate with a spéce from the sound absorbing
pléte; and |

‘a protecting plate disposed_in front of said

' reflectihg members for fixing the reflecting members, the



sn—u@shem HAS BEEN
parallel to the sup d20a and perpendicul ar to tifhe suREPLACER
menbers 20b. Refere de5|gnates plural reflecti
fixed to the protect nd di sposed so as to be ogﬁosed to the

sound absorbing plate 2 and parallel to tHe resonators 30. !mﬁmmmu’lmm

nunmer al 81 desi.gnat.es a I np sound into a back air space!l
desi gnat es R¥PESGIGE %ﬁt&ng BRc PPEPLNgpace 12 which re-inputt sdund *
81lb is the input sound 81 havi ng been_ reflected by the sound absorbing '
plate 2 and a refl eéti Ageneenea apsopbingameghandsmgngieg anPPrPUE sound
into a back air space 12; and nuneral 82b designates a re-input sound into
a back air Spaegiﬁitﬁﬂqﬂrdi@q routcledmd 8#bhich fhetheputospunde82 havi ng
been reflected by the sound absorbing plate 2 and a reflecting nenber 42.
Such nateri plsrad peoupnd esorberkesompopedy vifnyl tatihopldeer efi a, pABSukesi n
and pol ycarbonate resin can be used as.the material of the sound absorbing

plate 2. Si ageerials aumad aa@e%btan%op.lletnem%mbersueaer betnly abB8rbupROrti ng

forntng the resona&g i The resonators 30 are di sposed so

being dlsposed,ln front of said sound absorblng plate with a
space from the sound absorbing élate.

5. The sound absorbing.meehahism using a pofous
material according to claim 1, whieh further comprises:

plural seund absorbefs compoeed of a thin plate of a
porous material and a second holloﬁ member, the sound
absorbers being dispoeed-in front of said sound_absorbing

_ plete with a space frem the .sound absorbing plate; and

a protecting plate disposed in frqnt of saidISOund'
absorbers for fixing.the soﬁnd.absorbers; said protecting
plate having an opening. |

6. A sound absorbing meehanism using a éorous
material to be placed on a eouﬁd'ihsﬁlator such as a wall
comprising:

a sound absorbing plate made of a thin plate of a
porous material and disposed above.said gsound insulator with
a back air space between; and

plurel reflecting members dispoeed in front of saia
sound absorbing plate With a space from_fhe sound ebsbrbing
plate.

7. The sound absorbing mechanism using a porous’



iﬁe strength of the sound absorbr I'U"m y’#"””ﬁ””"’ ]

-49- nenbers 20a anﬂ
- increased. The shap ing menmbers 42 nmay be a holl%wed pip
- or a solid rod. Next n thereof will be descrrbed The -
 resonance frequency p

ut sound 81 is determined mainly in
é ?ccordance wi th the thickness lla of the’®ack air spaces 11. The resonance
" frequency [err] of the I nput sound 82 |s al so_det ermi ned mainl

accor dance MatsFiade Qﬂé%ﬁ%; fe BRGEI TurEhere gopprl ﬁuﬁd
absorption coeffrcrents respecti elﬁ becone maxi nrum at the resonance

f r equenci.epyaiiedtigig tHahe Jimmoaast i Jlirnta o msiity Heddeahiiag i s

i ndependent of the other, the total sound absorption characteristic is the
sum of t he mesdysans ifiox Hiurichon sy mefdrecttimon sembens, c $heSpredecdngack ai r
spaces 11 are separated by the supporting members 20a.and 20b and the back
arr plate having an opening.

8. A sound absorbing mechanism using a porous
material to be placed on a sound insulator such as a wall
comprisingt |

a sound.absorbing'plate made of a thin_plate ef a
poreus material and disposed above said sound insulator with
a back air space between; and

plural eound absorbers composed of a thin plate of e
porous materiai and a.hellow member, said sound absorbers
being disposed in front of said sound absorbing plate with a
space ffom the sound absorbing plate.

9. The sound absorbing mechanism usingla porous
material according to claim 8, which further cemprises a
protecting'plate |

. disposed in front of said'plﬁral sound absorbers for'fixing
the sound absorbefs, the protecting plate-having an'opening.

10. The sound absorbing mechanism using'a poroue
‘material according to claim 1, wherein said sound absorbing
plate is made by welding'plastic-particles partially.

11. The sound absorbing mechanism using a porous
méteriai.according*to claim 6, wheréin said sound absorbing
plate is.made by welding plastic particles pertially.

12. The sound absorbing mechanism using a porous



——

spaces 12 are fglacadbgdBbyrdplieedr esonators 30 and the supporti-r’ﬂ,m

respectively, e i ace 11 and each back air spacef 0., H”ﬂ""l m””m
. respectively op%MHEE!ﬂ%MHmEM |y as described in the enbodinent €1, tantl s " %
‘thereby it beco erat e resonance phenonena, which brings about

the i nprovenent of the sound absorption Ppérformance thereof. Since the
interference of sqund waves due to phase differ.ences js th%ﬁﬁ ittle, the

present sodiF BRP N 18 d@er?dﬁ’nc? OB EEE PG ent s
~as conpared with those of the prior arts 1 and 2. Furthernore, many sounds
do not pas®lFugh nade fumeldingelagids marg islese praydeldre refl ected
on the surface thereof in the case where the sound absorbing coefficient
thereof is small, &8 .d&v idpahd mbhsesrbdmoo dierdanizm sedogdiangoyoushen t he
refltecting members 42 are placed so as to be opposed to
material according to claim 1, which is formed as a sound
absorbing panel by equipping a.- sound iﬁsulating,plate
cbrresponding to said sound insulator at a back of a sound
absorbing mechanism.

14. The sound absorbing mechanism using a porous
material according to_claim 6, which is formed as a sound
absorbing panel by equipping .a sound insulating plate
corresponding to said sound insulator at a back of a sound
abgorbing mechanism.

'15. The sound absorbing mechanism using a porous
material according to claim 8, which is formed as a sound
-absorbing paneI by equipping a sound ihsulating plate
cbrresponding to said'SOund-insulator at a back of a sound
absorbing mechanism.

'16. The sound absorbing mechanism using a porous

| material according to claim 1, whiqh further comprises a
third hollow member fixed to a back of said sound absorbing
plate for forming a second resonator having a third back air

space separated from said second back air space in each

inside of said first hollow members.



t he sound absorbing plate 2, the reflected sounds are reflected by the
reflecting nmenbers 42 again and are input into the sound absorbing plate 2
as the re-input sounds 81b and 82b to be absorbed by it. Because sounds
havi ng a shorter wavel ength becone re-input sounds 8la and 82b nore
efficiently, sound absorption coefficients at frequencies higher than the
resonance frequency [err] are increased, yand thereby sound absorption
coefficients can be inproved from | ower #requencies to hi gher frequencies
as conpared with those of the prior arts 1 to 3. Besides, the damage of

t he sound absorbing plate 2 can be prevented by the protecting plate 4.
Since the reflecting nmenbers 42 are fixed to the protecting plate 4 in
advance, the reflecting nenbers 42 al so serves as reinforcenment materials
of the protecting plate 4, and the eFﬁic}eﬁcy of fitting operation of the
protecting plate 4 at fitting sites ¥st ™yh. In Figs. 20 and 21, the
enbodi nent 11 has latticed supporting nenbers 20a and 20b, but the present
i nvention conprises the use of the supporting nenbers 20a al one or the
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supporting nmenbers 20b al one.

the case where the

using a porous nmateri al

-51-

of the present invention;
showi ng the sound absorbi ng mechani sm Us? n

22. In Figs. 22 and 23,

according to a t

By such usage, a part of the effects of the
present enbodi nent can be obtained. The simlar effects can be expected in
reflecting nenbers 42 are di sposed
perpendicularly to the resonators 30. EMBODI MENT 12. Fig. 22 is a

per spective view show ng the constructio&%of a sound absorbi ng mechani sm

and Fig.

r ef erence nuner al

ffth enbodi nent (enbodi nent 12)

| ongi tudi nal sectional view
a porous material shown in Fig.

43 desi gnates plural reflecting

menbers fixed to the protecting plate 4 and dISpOE?d so that the sound
absor bi ng plate 2 is put between the reflecting

r\
11a

120 12 Ay 85~ 11 p__86

COS(g)

+

SOUND PRESS

NN NN \k N \\\ NOWNN \\“ N N AN \\\-\_2
\ /) ) //
30 30
, =
G

FIG.

T e

3

11

[ ¢

f S \\\§D\Y\V\\X’Y\AX\KY\~2
2 | \{Z@ %0 ——-30a
¢ \m 120 39°1} 200

& \////7//8)/ T 777

1a



“menbers 43 and the supporting nmenbers 20a or 20b. Reference nuneral 8la
designates a re-input sound into a back air space 11 which re-input sound
8la is the input sound 81 having been reflected by the sound absorbing
plate 2 and reflecting nmenbers 43. Since the sound absorbi ng nmechani sm
using a porous material of the enbodinment 12 is thus constructed, it can

I mprove sound absorption coefficients simlarly in the enbodi nent 11, and
it can not only prevent the damage of the sound absorbing plate 2 but also
i ncrease the strength of the sound absdTErhg plate 2. EMBODI MENT 13. Fig.
24 is a longitudinal sectional view show ng the construction of a sound

absor bi ng panel using a porous mat eri al according to a thirteenth
enbodi ment (enbodi nent 13) of theIPresent i nvention; and Fig. 25 is a sound
REVERBE T SOUND ABSORPTION COEFFICIENT
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absorption characteristic diagramin conformty with the nmethod for

measur enment of sound absorption coefficients in a reverberation room In
Fig. 24, reference nuneral |a designates a sound insulating plate al so
serving as a housing of the sound absorbing panel. Reference nuneral 4
designates a protecting plate nade of a gunching netal or the |ike, which
protecting plate 4 has at | east one opening and is fixed to the sound
insulating plate la so as to cover t ! d part of the sound insulating
plate la. Reference nuneral 42 designaté&s prural reflecting members fixed
to the protecting plate 4 and di sposed so as to be opposed to the sound

absorbing plate 2. The reflecti nbers 42 are di sfdsed to be

per pendi cul ar to the resonators 30. ; eratfon thereof will be
descri bed. Si:nce the back air/spaces 11 are separat y the supps(ting
menbers 20a and 20b and the back air spaces 12 are separated by theghol |l ow
menbers 30a and the supportjyng nenbers 20b respectively, each b ir
space 11 and each back ai/space 12 respectively operate i ntly as

described in the
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enbodi mrent 1, and thereby it beconmes easy to generate resonance phenonena,
whi ch brings about the inprovenent of the sound absorption perfornance
thereof. Since the interference of sound waves due to phase differences is
thus little, the present sound absorbing panel has |arger sound -53-
absorption coefficients as conpared with 4 hose of the prior arts 1 and 2.
Furthernore, many sounds do not pass through the sound absorbing plate 2
but are reflected on the surface thereof h7 case where the sound

absor bing coefficient thereof is small. AJgé fdf ngly, when the reflecting
menbers 42 are placed so as to be opposed to the sound absorbing plate 2,
the reflected sounds are reflected by the refleﬁk%ng megper s 42 again and
are input into the sound absorbing pla o he absorbed by it.
Because sounds having a shorter wavelengt e inp r

2
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efficiently, sound absorption coefficients at frequencies higher than the
resonance frequency [err] are increased, and thereby sound absorption
coefficients can be inproved from !l ower frequencies to higher frequencies
as conpared with those of the prior arts 1 to 3. The sound absorbing panel
is constructed by form ng, for exanple_ @& _galvani zed steel plate having the
thickness of 1.6 nminto a box sized to be about 500 mm x 1960 nm x 50 mMm
as the sound insulating plate |a, anﬂ#?xﬂyei'ng t he sound absorbing plate
2 having the thickness of about 3.5 mhi'n“t*h& box so that the thickness 1lla
of the back air spaces 11 becones about 35 nmm to which sound absorbing
plate 2 -the holl ow nenbers 30a are fAxed so that the thickness 12a of the
back air spaces 12 becones about 84 oBlfor mi ng the resonators 30. And

t hen, square-bars made from ABS resin\and having the width of about 27 nm

and the hei ght of about
nA__/
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-54- 15 mmare fixed to the protecting plate 4 nade of an alum num pl ate
havi ng the thickness of 0.8 mmand the rate of opened area of about 40 % as
the reflecting nenbers 40. And then, the protecting plate 4 is fixed to the
sound insulating plate |a. The sound absorption characteristic of the sound
absor bi ng panel thus constructed is inprgved In the sound absorption
coefficients at frequencies higher tharr about 1.5 kilo-Hz as conpared to

t he sound absorption characteristig in_case of having no reflecting
menbers, and the forner is totally??&ﬂﬁnvéb‘at a w der frequency band, as
shown in Fig. 25. Simlar effects can be expected in the case where the
reflecting nmenbers 42 are disposed to pe parallel to the resonators 30.
EMBODI MENT 14. Figs. 26, 27 & or@@t udi nal sectional views show ng
“the construetion of a sound absorb ani smusing a porous nmateria
according to a fourteenth enbodi ng 40
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(enbodi nent 14) of the present invention. In Figs. 26, 27 and 28, reference
nunmeral 1 designates a sound insulator such as a wall. Reference nunerals
3a and 3b designate sound absorbing plates using a thin plate porous
material .simlar to the sound absorbing plate 2 of the enbodiment 1. The
materials of the sound absorbing plates_ég_and 3b are plastic particles, a
ceramc, foamnetal or the like. ReferenCe nuneral 11 designates a back air
space of the -55- sound absorbing plate 3a; and nuneral 1lla designhates
the thickness of the back air space 11. Reference nuneral 14 designates a
back air space of the sound absorbing plates 3b; nuneral 14a designates the
t hi ckness of the perpendicular direction of the back air spaces 14; and
nuner al - 14b-desi gnates the thickness of tFIq Gori‘la)nt al direction of the
back air spaces 14. Reference nuneral 32 *
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designates plural increased sound absorbers conposed of a sound absorbi ng
plate 3b and a hol |l ow nenber 32a and di sposed in front of the sound
absorbing plate 3a so as to be opposed to the sound absorbing plate 3a with-
a space. Reference nuneral 81 designates an input sound into the back air
space 11; nuneral 8la designates a re-input sound into the back air space
11 which re-input sound 8la is the input sound 81 having been refl ected by
t he sound absorbing plate 3a and an i ncreased sound absorber 32; and
nuneral 81lc designates a re-input sound into a back air space 14 which
re-input sound 81c is the input sound 81 having been reflected by the sound
absorbing plate 3a. Reference nuneral 84 designates an input sound into a
back air space 14. Next, the operation thereof will be described. The
resonance frequency [err] of the input sound 81 is determ ned in accordance
with the thi cknesREMERBERANTHLS8GUND ABSGRETIONe OCEFFICEENTEqUENCY
[err] of the input sound 84 is also determ ned in accordance with the
t hi ckness 14a or 14b59f © 0o 0 © 0 0 06 O = - _
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-56- the back air spaces 14. Sound absorption coefficients respectively
beconme maxi num at the resonance frequencies [err] of them Since each sound
absor bi ng nechani smis i ndependent of each other, the total sound
absorption characteristic i.s the sumof the respective sound absorption
characteristics. Many sounds do not pass through the sound absorbing plate
3a but are reflected on the surface thereof in the case where the sound
absorbing coefficient thereof is snmall.- Mecordingly, when the increased
sound absorbers 32 are disposed so as to be opposed to the sound absor bi ng
plate 3a, the reflected sound becones the re-input sound 81c or the
re-input sound 8la which is the re-input sound 81c reflected by an

i ncreased sound absorber 32 again and is input into the sound absorbi ng

pl ate 3a to be absorbed. Because sounds having a shorter wavel ength becone

re-1nput RATIO OF SOUND ABSORPTION
COEFFICIENT
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sounds 8la and 81c nore efficiently, sound absorption coefficients at
frequenci es higher than the resonance frequency [err] are increased, and

t her eby sound absorption coefficients can be inproved from | ower
frequencies to higher frequencies as conpared with those of the prior art
Because re-input sounds have a propagation path |onger than those of input
sounds, their phases are shifted. Consegdént|ly, resonance phenonena are
reinforced at sonme frequencies, which brings about the increase of sound
absorption coefficients. -57- SOTpéﬁefndEEff t he input sounds into the
I ncreased sound absorbers 32 are pul’l nt he spaces between the

I ncreased sound absorbers 32 ewing to the phenonena such as4diffraction.

Because the inpedance of t{emis natched and their input angles becone
close to be perpen W‘F‘t@l , SN SSOSSNISESSETSNASS
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are absorbed efficiently. According to the results of sone experinents,
sound absorption coefficients are nost inproved in case of the construction
shown in Fig. 26 anong the constructions shown in Figs. 26 to 28.

EMBODI MENT 15. Figs. 29, 30 and 31 are longitudinal sectional views show ng
the constructions of increased sound absorbers 32 of sound absor bi ng
mechani snms using a porous material acconding to a fifteenth enbodi nent
(enmbodi nent 15) of the present invention respectively. In Figs. 29, 30 and
31, reference nunerals 3b, 3c, 3d and 3e designate sound absorbing plates
using a thin plate porous material. The materials of the sound absorbing
pl ates 3b, 3c, 3d and 3e are plastic part*Eﬂ . 4 ram c, foam netal or
the like. Reference nunerals 14, 15, 16 and 1/ designate back air spaces of
t he sound absorbing plates 3b, 3c, 3d and 3e. Because this enbodi nent
separates the sound absorbing pl ates ejr back air

c, 3€
spaces 14, 15, 16 and 17 (&Y D
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respectively, plural resonance frequencies [err] can be set, and thereby
t he frequenci es having the | ocal maxi num sound -58- absorption
coefficient can be dispersed. Consequently, the distribution of a sound
absorption coefficients having a furthernore w der frequency band can be
obt ai ned. EMBODI MENT 16. Fig. 32 is a pespective view show ng the
construction of a sound absorbi ng nechani smusing a porous materi al
according to a sixteenth enbodinentFé Eggdi t 16) of the present
invention; Fig. 33 is a longitudina i idzzf vi ew showi ng the sound
absor bi ng nechani smusing a porous material shown in Fig. 33; Fig. 34 is a
sound absorption characteristic diagramin conformty with the nethod for
measur enent of sound absorption coefficients in a ngerberation room and
Fig. 35 is a-characteristic diAgra

D
a2 S S ‘=7 /°
S

S I

RS S SO SO S S S SISO NN

2 20b
— 20a
0Oc 300 -
v
FIG. 21
81 —~82
4

RN AISSISISS S SN S ESASSSSSSN SN
~ 42
’ 81b
S S S T IS SN~ 2

/ ] 30 \\370 ~—82b
(N
)

) \ —
I1a 120 12 204

Vi

427

30a {—20a

s




showi ng the ratios of the sound absorption coefficients in the case where

t he sound absorbi ng nechani sm shown in Figs. 32 and 33 is equipped with the
i ncreased sound absorbers 32 to the sound absorption coefficients in the
case where the sound absorbing nechani smis not equipped with the increased
sound absorbers 32. In Figs. 32 and 33, reference nuneral 1 designates a
sound i nsulator such as a wall. Reference nunerals 3a and 3b designate
sound absorbing plates using a hard thin plate porous material. The
materials of the sound absorbing plates 3a and 3b are plastic particles, a
ceramc, foamnetal or the like. Refergnﬁg_nunerals 11 and 12 designate
back air spaces of the sound absorbing plate 3a; and nunerals 1la and 12a
designate the thicknesses of the -59- back air spaces 11 and 12
respectivel y.- Reference nunmeral 14 designates the back air spaces of the
sound absor bi ng
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pl ates 3b; and nuneral 14a designates the thickness of the perpendicul ar
direction of the back air spaces 14. Reference nunerals 20a and 20b
designate latticed supporting nmenbers for supporting the sound absorbing
plate 3a so as to be opposed to the sound insulator 1 above the sound
insulator 1 with the space of the thickness 1la of the back air spaces 11.
Ref erence nuneral 30 designates resonatgﬁﬁ equi pped to the sound insul ator
1 side of the sound absorbing plate 3a with the space of the thickness 12a
of the back air spaces 12; and nuneral 30a designates holl ow nenbers for
formng the resonators 30. The resgnators 30 are di sposed so as to be
parallel to the supporting nenbersF§¢£3qnd2ﬁkrpendicuIar to the supporting
menbers 20b. Reference nuneral 32 designates plural increased sound
absor bers conposed of a sound absorbing plate 3b and a back air space 14
and di sposed so as to be opposed to the_top\surface of the sound absorbing
pl ate 3a. Reference nuneral 81 designat@? an i npu s8dnd into a back air
space 11; nuneral 81b designates alg#&nput ound MTo a back air
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space 12 which re-input sound 81b is the input sound 81 having been

refl ected by the sound absorbing plate 3a and an increased sound absorber
32; nuneral 82 designates an input sound intoa back air space 12; and
numeral 82b designates a re-input sound into a back air space 11 which
re-input sound -60- 82b is the input sound 82 having been reflected by
t he sound absorbing plate 3a and an increased sound absorber 32. Reference
nuneral 84 designates an input sound into a fgmek air space 14. Next, the
operation thereof will be described. Since the back air spaces 11 are
separated by the supporting nenbers 20a and 20b and the back air spaces 12
are separated by the holl ow nenbers 30a and the supporting nenbers 20b

respectively, eagjyg ?Q Mﬁpa UND 2 COEFRETEC I'ENT
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enbodi mrent 1, and thereby it beconmes easy to generate resonance phenonena,
whi ch brings about the inprovenent of the sound absorption performance
thereof. Since the interference of sound waves due to phase differences is
thus little, the present sound absorbing nechani sm has | arger sound
absorption coefficients as conpared with those of the prior arts 1 and 2.
The resonance frequency [err] of the i mpd? sound 81 is determned mainly in
accordance with the thickness 1la of the back air spaces 11. The resonance
frequency [err] of the input sound 84 is also determned mainly in
accordance with the thickness 14a of thgigcﬁagir spaces 14. Sound
absorption coefficients respectively be i mum at the resonance
frequencies [err] of them Since each sound absorbing nechanismis

i ndependent -of each other, the total sound absorption characteristic is the
sum of the respective sound absor®tli character84ics. Furthernore,
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-61- many sounds do not pass through the sound absorbing plate 3a but are
reflected on the surface thereof in the case where the sound absorbing
coefficient thereof is small. Accordingly, when the increased sound
absorbers 32 are placed so as.to be opposed to the sound absorbing plate
3a, the reflected sounds are reflected by the increased sound absorbers 42
again and are input into the sound absorbing plate 3a as the re-input
sounds 81b and 82b to be absorbed by it 8ecause sounds having a shorter
wavel engt h becone re-input sounds 81lb and 82b nore efficiently, sound
absorption coefficients at frequencies higher than the resonance frequency
[err] are increased, and thereby sound absorption coefficients can be

i mproved from | ower frequencies tOFi gGr fzaguenci es as conpared with
those of the=prior arts 1 to 3. Be aJs th -input sounds have a
propagation path | onger than those of the input sounds, their phases are
shifted. Consequently, resonance phenoneq?lare rei nforced
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at sone frequencies, which brings about the increase of. sound absorption
coefficients. .Sonme sounds of the input sounds into the increased sound
absorbers 32 are pulled into the spaces between the increased sound
absorbers 32 owing to the phenonena such as diffraction. Because the

| npedance of themis matched and their input angles becone close to be
per pendi cul ar, they are absorbed efficiendly. -62- The sound absorbing
mechani smuses a thin plate porous nmaterial as the sound absorbing pl ates
3a and 3b, which porous material is made by partially heating and wel di ng

pl astic particles mage jf/~om ypropyl ene resin, pol ywinyl lsjoride resin
ABS r esi n, polycarboﬁgdésﬁeégﬁjor the like, and is fﬁyﬂg;diggﬂosed I n
Japanese Pub[ished Unexam ned Patent Application of No. 289333 / 1990
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Hei 2-289333) titled "Takoshitsu Kozotai (Porous Material)". The sound
absorbing plate 3a having the thickness of about 3.5 mmis fixed so that
the thickness 1la of the back air spaces 11 becones about 35 nm and the
hol | ow nenbers 30a are fixed to.the sound absorbing plate 3a so that the
thickness 12a of the back air spaces 12 pecones about 9 nmfor formng the
resonators 30. The sound absorbing plateS 3b having a thickness of about
3.5 mmare fixed so that the thicknfsaqa 1{% f the back air spaces 14
becones about 10 mm And then, the'increas sound absorbers 32 thus
constructed and sized to have the width of about 33 mm and the hei ght of
about 15 mm are di sposed with a space of about 15 nmfromthe sound
absorbing plate 3a so as to be perBdndi\cuhar8po the 84sonators 30. The
sound absorption characteristic of tHe joupd abs i ng mechani sm t hus
constructed is inproved in sound absorpt\i o coef f\ci ents at frequencies

hi gher than about 1.25 kilo-Hz and ';t;o al\y inproved at3p ggger frequency
band as conpared to the sq pt'i on \ch in of havi ng
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-63- sound absorbers as shown in Figs. 34 and 35. Since the sound absorbing
plate 3a is supported by the supporting nenbers 20a and 20b, the strength
of the sound absorbing plate 3a is increased. According to the results of
sone experinments, sound absorption coefficients are furthernore inproved at
t he thickness 12a of the back air space 12 being about 15 mm In Figs. 32
and 33, the enbodinent 16 has latticed supporting nenbers 20a and 20b, but
the present invention conprises the USQJ§ the supporting nenbers 20a al one
or the supporting nmenbers 20b al one. By %uch usage, the effects simlar to
t hose of the present enbodi nent can be expected. Simlar effects also can
be expected in the case where the increased sound absorbers 32 are di sposed
to be parallel to the resonators 30.

REVERBERANT SOUND ABSORPTION COEFFICIENT
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EMBODI MENT 17. Fig. 36 is a |ongitudinal sectional view show ng the
construction of a sound absorbi ng panel using a porous material according
to a seventeenth enbodi nent (enbodi ment 17) of the present invention. In
Fig. 36, reference nuneral |a designates a sound insulating plate also
serving as a housing of the sound absorbing panel. Reference nuneral 4
designates a protecting plate made of a punching netal or the |ike, which
protecting plate 4 has at |east one opgn%?g and is fixed to the insulating
plate la so as to cover the opened part the sound insulating plate |a.
Ref er ence -64- nuneral 2la designates a supporting nenber for disposing
t he increased sound absorbers 32. The subject matter realized in the
enbodi ment 16 brings about effects simlar to those of the enbodi nent 16
even if it is applied to the formof a

RATIO OF SOUND ABSORPTION
COEFFICIENT
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sound absorbi ng panel as shown in this enbodi nent. EMBODI MENT 18. Figs. 37
and 39 are perspective views showi ng the constructions of sound absorbi ng
mechani sms usi ng porous naterials according to an ei ghteenth enbodi nent
(enmbodi nent 18) of the present invention; and Figs. 38 and 40 are

| ongi tudi nal sectional views show ng each sound absorbi ng nmechani sm shown
in Figs. 37 and 39 respectively. In Figs23 37 to 40, reference nunerals 3b
and 3c designhate sound absorbing plates using a thin plate porous material.
The materials of the sound absorbing pl?%?s 3b 3c are plastic
particles, a ceramc, foamnetal or the iﬁa sound absorbing plates 3a
and 3b formthe back air spaces 14 and increased sound absorbers 32 and are

di sposed so that the sound absorbing pl 3a is put between the sound
absorbing plates 3b or 3c and the rti menbe or-2gb. The

i ncreased sound absorbers 33 conp0s of soun sor | ate 3b and a
back air space 14 are di sposed g0 at e soung/ abs in |l ate 3a is put
bet ween t he 3b 3b
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i ncreased sound absorbers 33 and the supporting nmenbers 20a or 20b.

Ref erence nuneral 8la designates a re-input sound into a back air space 11
whi ch re-input sound 8la is the -65- input sound 81 having been
reflected by the sound absorbing plate 3a and an increased sound absorber
33. Reference nuneral 81c designates a 18, i nput sound into a back air space
14 which re-input sound 81c is the input sound 81 havi ng been reflected by
t he sound absorbing plate 3a. The thus gprgﬁ q?gﬂ sound absor bi ng
mechani sm using a porous material has nbt effect of the

i nprovenent of sound absorption coefficients as described with respect to
t he enbodi nent 16 but al so the effect of e increase of the strength of

t he sound absorbing plate 3a. In Figg~ to A0, the i 88 has

| atti ced supporting nenbers 20a ang/208, b t he pr&sent tion
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conprises the use of the supporting nenbers 20a al one or the supporting

menbers 20b al one.

| ongi t udi nal
mechani sm usi ng a porous mnateri al

secti onal

By such usage, the effects simlar to those.of the
present enbodi nent can be expected. EMBCODI MENT 19. Fig. 41 is a

(enmbodi nent 19) of the present invention2sl#i Fig. 41, reference nuneral

designates a sound insulator such as a wall.

desi gnat e sound absorbi ng pl ates us!fgci;r%{%plate por ous nat er
s¥3a dn

material s of the sound absorbing pl

ceram c,

f oam net al

or the like. Refgrence nuneral 4 designates

protecting plate made of a punching tal or the like, which
protecting plrate 4 has at | east one.o gﬂ@ﬂg and i s di sposed
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The

3b are plastic particles,

vi ew showi ng the construction of a sound absor bi ng
according to a nineteenth enbodi nent
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Ref erence nunerals 3a and 3b
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so as to be opposed to the top surface of the sound absorbing plate 3a.

Ref erence nuneral 11 designates the back air space of the sound absorbing
pl ate 3a; and nuneral 1la designates the thickness of the back air space
11. Reference nuneral 14 designates back air spaces of the sound absorbing
pl ates 3b; and nuneral 14a designates the thickness of the perpendicul ar
direction of the back air space 14. Referegeace nuneral 32 designates plural

i ncreased sound absorbers fixed to the protecting plate 4 and conposed of a
sound absorbing plate 3b and aback agglf ce and furthernore di sposed so
as to be opposed to the top surface §6 d absorbing plate 3a.

Ref erence numeral 81 designates an input sound into the back air space 11,
and nuneral 81c designates a re-input sound i Rto a back air space 14 which
re-input sound 8lc is the input %undaﬂ avi ny b8en refl ected by the sound
absorbing plate 3a. Since the sou abso -chan'SNKUS|ng a porous
material of the enbogiwe SEoUSicHe e g sound

absorption coefficients at Iggyw -—-32
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:to higher frequencies sinmlarly in the enbodi nent 14.. And it can prevent
‘"t he damage of the sound absorbing plate 3a by neans of the protecting plate
4. Furthernore, since the increased sound absorbers 32 are fixed to the
protecting plate 4 in advance, they serve also as reinforcenents to the
protecting plate 4 and the efficiency Q_fz.,f i_tting operation -67- of the
protecting plate 4 at fitting sites is high. The sound absorbing plate 3b
can be expected to have simlar effefj? c%ﬁ of being fixed
perpendicularly to the protecting plat *as own in Fig. 28. EMBODI MENT
20. Fig. 42 is a perspective view show ng the construction of a sound
absor bi ng mechani smusing a porous _material according to a twentieth
enbodi ment (enbodi ment 20) of Q% Hesen®(ny&fFi o085 ard3Figg 43 is a
| ongi t udi naf - _ \ k ( [ {/)o [ [
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sectiopal.-,vi ey showi ng the sound absorbi ng nechani sm using a porous
material shown in Fig. 42. In Figs. 42 and 43, reference nuneral 1
designates a sound insulator such as a wall. Reference nunerals 3a and 3c
desi gnate sound absorbing plates using a thin plate porous material simlar
to the sound absorbing plate 2 in the enbodinment 1. The materials of the
sound absorbing plates 3a and 3c are‘pT&@tTc particles, a ceramc, foam
nmetal or the like. Reference nune&ﬁf K;deg&gzates a protecting plate nade
of a punching netal or the I|ike, iJ pr ting plate 4 has at |east one
opening and is disposed so as to be opposed to the top surface of the sound
absorbing plate 3a. Reference nunerals 11_and %F desi gnat e back air spaces
of the sound absorbing plate 3a; and n 3Bal s29%1a and 12a designate the

RG>

thi cknesses” of the bac éLL~space 11 apd @& rg ely. Reference nunera
14 designates back air spacgg of ' pidi es 3c. Reference
nuneral s 20a and 20b : <
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- 68-. de5|gnate J atticed suppprti-ng menbers di sposed so that the sound

absobi ng pl at¥ 3a is Qpposed to the sound insul ator Tmsﬂheteﬂ‘l-latsh&n of
the thickness 1la of the bacK air space 11. Referenc : '
designates resonators fixed to the insulator 1 SIdE‘Of A% or bi ng
plate 3a with the space of the thickness 12a of the bac alr sp 12;- and

nunmer al 30a desi gnates holl ow nenbers for formng the resonators 30. The
resonators 30 ar SQiNEpFBSORBING MECHANISM ZISING B0 POROUSUPRIERIAY. menber s
20a and perpendicul ar to the.supporting nmenbers 20b. Ref erence nuneral 32

desi gnates plural increased EBSTRAGDSOFbEHE bHigemogurkhe protecting plate 4
and conposed of a sound absorbing plate 3c and a back air space 14. The

i ncreased sound abgorRAiRa b idiP RRABSGH Rdlidde PR -ARRRERiag Pl ate
3a is put between the increased sound absorbers 32 and the supporting

menbers 208, 0¢ 32%11?@%%% g{ﬁla?ée e deHINALAS AN Jddis SRiEiiAto a

back air space 11; nuneral 8lc d gnat es
made by partially heating for welding plastic particles and

a supporting member for supporting the sound absorbing plate
and forming a béck air space. More than one pair of
resonators having a separated back air space in the
aforementioned back air space are fixed to the sound
absorbing plate, and the resonators are disposed to be
opposed to a sound insulator with the supporting member
between. Plural reflecting members or increased sound
absorbers may be disposed to be opposed to the surface of
the sound absorbing plate opposite to the surface equipped
with the resonators, or a perforated protecting plate fixing
the plural reflecting members or the iﬁcreased sound
absorbers thereon are may be equipped. The sound absorbing
mechanism has a superior sound absorption characteristic

from lower frequencies to higher frequencies.

(Figure 1)
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a re-input sound into a back air space 14 which re-input sound 81c is the
I nput sound 81 havi ng been reflected by the sound absorbing plate 3a; and
nuneral 82 designates an input sound into a back air space 12. Next, the
operation thereof will be described. Since the sound absorbing mechani sm

usi ng a por oUBOUNPErABSORBING MECHAMNISM USING A POROUSIMATERIALt can
| mprove sound absorption coefficients at | ower frequencies to higher

frequenci es as descrlbed |n t he enbodlnent 18. And it can Substitute
sheet - 12 Augy damage of the sound absorbing
pl ate 3a by rmeah 3 ate 4. Furthernore, since the
I ncreased sound absorbers 32 are flxed to the protecting plate 4 in
advance, they serve also as reinforcenents to the protecting plate 4 and
the efficiency of Aiddundhabspebirig mechinisineugingt ® porows platérdaldhast afsouhidng
sites is hi ghabsbSingt pRECVIS) 6f a thin plate porous material made by partially heat
welding plastic particles and a supporting member (1) for supporting the
sound absorbing plate and forming a back air space (11). More than one pair
of resonators (30a) having separate back air spaces (12) in the aforesaid back
air space (11) are fixed to the sound absorbing plate. The resonators are
disposed to be opposed to a sound insulator with the supporting member
(20a) between them. Plural reflecting members or increased sound absorbers
may be disposed to be opposed to the surface of the sound absorbing plate
opposite to the surface equipped with the resonators, or a perforated
protecting plate fixing the plural reflecting members or the increased sound
absorbers thereon. -

Fig. 2
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the soynd absorbing plate 3a is also increased by the sound absorbers 32.
In Figs. 42 and 43, the enbodi nent 20-has latticed supporting nenbers 20a
and 20b, but the present invention conprises the use of the su porting
nenbers 20a al one or the supporting menbers 29ubsfityte shegt sdZhAugusk]996
part of the effects of the present enbodi nent can be obtained. It will be
appreci ated fromthe foregoing description that, according to the first
aspect of the present invention, the soypd absorbing nechanismis
constructed so as to support a sound absorbi ng plate above a sound
insulator, to formfirst separated plural first resonators having first

absor bi ng_ pPERECHAS ML HAVARE 4 OBPAIIE 0 foat of Herahsnuaacise beBonat or
each T rst back df 1S BpitIrRIoR RE Sh BesSAt ITHEUOMAD RISYIAG APUREERani om
o hi gher 1 ADSOBHE DCERISEE BSEA ROMUSHTAEFE MUNED Pas GoRiRCRioHSPURE  second
aspect of 't gﬁs@r%%ﬁ%%’%@&eé‘s_{% from lower frequencies to higher frequencies by

forming a sound absorbing plate made by welding plastic particles

partially.

It is a further object of the present invention to provide a sound
absorbing mechanism using a porous material which has a superior sound
absorption characteristic from lower frequencies to higher frequencies by
forming a sound absorbing panel by equipping a sound insulating plate at
the back of a sound absorbing mechanism.

It is a further object of the present invention to provide a sound
absorbing mechanism using a porous material which has a superior sound
absorption characteristic from lower frequencies to higher frequencies by
equippiﬂg a second hollow member for forming a t_h_gg resonator having |
a third back air space in each inside of first hollow members.

According to the first aspect of the present invention, for achie\}in'g
the above-mentioned objects, there is provided a sound absorbing
mechanism using a porous material which sound absorbing mechanism
supports a sound absorbing plate made of a thin plate of a porous material

above a sound insulator, forms separated plural first resonators having, -

first back air spaces respectively by separating a space between the sound

absorbing

REPLACEMENT SHEET |




- -70- pr.esent invention, the sound absorbing nmechanismis constructed so as
to tonprise plural reflecting nenbers disposed with a space fromthe. sound
absorblng pl ate, and consequently, the sound absorbi ng -nmechani sm whi ch _has
a superior sound absorption characteristic froubsiiite sheetudgcfaguso18PEher
frequenci es can be obtained. Furthernore, according to the third aspect of
the present invention, the sound absorbing nmechanismis constructed so as
to conprise plural reflecting nmenbers digposed in front of a sound
absorbing plate with a space fromthe sound absorbing plate, and a
protecting plate disposed in front of the reflecting nenbers for fixing the
' ich protecting plate has an op ni ng, cqQnsequently,

reflecting nber s
the sound a @iﬁbaa@mﬂ@mdsmsm toh, aad formspe crgﬁ@n%t@s g
char act eri st ¢ i ek WPl RSN Bkl S1Shab cauenci es can be

As stated above, the sound absorbing mechanism using a porous
material according to the first aspect of the préseﬂt invention improves the
sound absorption characteristic thereof by séparating the sound absorbing
function thereof by means of the first resonators having a second back air
space which resonators are formed in each separated plural first back air
space formed by separating the space between the sound absorbing plate
and the sound insulator, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower frequencies
to higher freque_ndes can be obtained.

According to the second aspect of the present invention, there is
provided a sound absorbing mechanism using a porous material which
sound absbrbing mechanism comprises plural reflecting members
disposed in front of a sound absorbing plate with a space from the sound

. absorbing plate.

As stated above, the sound absorbing mechanism using a porous
material according to the second aspect of the present invention makes it
easy to bring about a resonance phenomenon and improves the sound
absorbing performance thereof by comprising plural reflecting members

disposed in front of a sound absorbing plate with a space from the sound

absorbing plate, and consequently, a sound absorbing

REPLACEMENT SHEET
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Fur.t hernore, according to the fourth aspect of the present invention, the
souhd absorbi ng nmechanismis constructed so as to conprise plural sound
absorbers conposed of a thin plate of a porous naterial and a second hol | ow
mefrber, which sound absorbers are disposed i nStubstituteishaet ol2dAugyst A6

pl ate, and consequently, the sound absorbi ng nechani sm whi ch has a superior
sound absorption characteristic fromlower frequencies to higher
frequenci es can be obtained. Furthernoreqe_according to the fifth aspect of

t he -71- present invention, the soung absor bi ng mechani smis constructed
so as to conprise plural sound absorbers conposed of a thin plate of a
porous material and a second hol l.ow menber, whjch sound, absorbers are

di sposed i n Usinga porous saterak whichiseynd ahserbingimec ABISER CORPIIIGR 2

~di d
' Spose second hollow member fixed to a back of a sound absorbing plate for

forming a third resonator having a third back air space separated from a
second back air space in each inside of first hollow members.

As stated above, the sound absorbing mechanism using a porous
‘material accofding to the twelfth aspect of the present invention
comprises a third hollow member for forming a second resonator having
a third back air space, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower frequencies
to higher frequencies can be obtained.

The above and further objects and novel features of the present
invention will more fully appear from the following detailed description
when the same is read in connection with the accompanying drawings.
It is to be expressly understood, however, that the drawings are for
purpose of illustration only and are not intended as a definition of the

limits of the invention

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view showing the construction of a sound
absorbing mechanism using a porous material according to the
embodiment 1 of the present invention;

Fig. 2 is a longitudinal section view showing the construction of a

REPLACEMENTSHEET
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in.front of the sound absorbers, which protecting plate has an openi ng, and
consequently, the sound absorbi ng nmechani sm whi ch has a superior sound
absorption characteristic fromlower frequencies to higher frequencies can
be obt ai ned. Furthernore, according to the si Rthsttfashest -t Aygust 1996

I nvention, the sound absorbing nechanismis constructed so as to conprise a
sound absorbing plate and plural reflecting nenbers disposed in front of
the sound absorbing plate with a space_ggomthe sound absorbing plate, and
consequently, the sound absorbi ng nechani sm whi ch has a superior sound
absorption characteristic fromlower frequencies to higher frequencies can
be obtained. Fur{hernore, according to the seventh_aspec f t.he present

i nvention, CREAMIG, aamtﬁmgﬁwkﬁan&mmgs é'@%@f%é@%& éﬁ(ﬂ%tlﬂg ahpri se a

L2 ko s it o S
e o P Bhoraion Had ReRPiShRIsC S dtIchel BT Japiesd "FOBIEREE °
Unexamined Patent Application of No. 289333/1990 (Tokkai-Hei 2-
289333) having been filed by the same assignee as that of the present
invention. The porous material disclosed in the publication is hereby
incorporated in the present invention by reference. The porous material
which has a density gradient in the thickness direction thereof has
furthermore superior sound absorption effect. It is desirable that porous
materials to be used in the present-invention should have mechanism

strength for forming the sound absorbing mechanism. Reference

numerals 11 and 12 designate first and second back air spaces of the

sound absorbing plate 2, the first back air space.forming a first resonatog

and the second back air space forming a second resonator; and numerals

11a and 12a designate respective thicknesses of the back air spaces 11
and 12. Reference numerals 20a and 20b designate latticed supporting
members for supporting the sound absorbing plate 2 above the sound
insulator 1 with the space of the thickness 11a of the back air space 11.
The supporting members 20a and 20b separates the space between the
sound insulator 1 and the sound absorbing plate 2 into a lattice to form
plural separated back air spaces 11. Reference numeral 30a designates
hollow members fixed to the back of the sou_nd absorbing plate 2 for

forming separated back air spaces 12 thinner _thén the back air spaces 11

REPLACEMENT SHEET
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Fur.t hernore, according to the eighth aspect of the present invention, the
sound absorbi ng nechanismis -72- constructed so as to conprise a sound
absorbing plate nade of a thin plate of a porous nmaterial, and sound
absorbers conposed of a thin plate of a porouSuhstitate sheghd 12 Augusty1996
menber, which sound absorbers are disposed in front of the sound absorbing
pl at e mﬁth a space fromthe sound absorbing plate, and consequently, the
sound absor bi ng mechani sm whi ch has a sggerior sound absorption
characteristic fromlower frequencies to higher frequencies can be
obt ai ned. Furthernore, according to the ninth aspect of the: invention t he

ol ate Sf’iﬁégfm?&;nﬁe&%‘%ﬁz”%éeép £t Souicabassbi plateofd by MegnBiet Hund”
Sgﬁgaber > tectng)é %Eaetgtéi "fhubr lhaegr%or}g,s since the Tl’ll(?r aséd Soind 26801 netrls%z t he
are fixed to the protecting plate 4 in advance, they serve also as
reinforcements to the protecting plate 4 and the efficiency of fitting
operation of the protecting plate 4 at fitting sites is high. The strength of
the sound absorbing plate 3a is also increased by the sound absorbers 32.

In Figs. 42 and 43, the embodiment 20 has latticed supporting
members 20a and 20b, but the present invention comprises the use of the
supporting members 20a alone or the supporting members 20b alone. By
such usage, a part of the effects of the present embodiment can be
obtained.

It will be appreciated from the foregoing description that, according
to the first aspect of the present invention, the sound absorbing
mechanism is constructed so as to support a sound absorbing plate above

a sound insulator, to form first separated plural first resonators having

first back air spaces respectively by separating a space between the sound

absorbing plate and the sound insulator, and to form a second resonator

having a second back air space separated from the first back air space in
each first back air space, and consequently, the sound absorbing
mechanism which has a superior sound absorption characteristic from
lower frequencies to higher frequencies can be obtained.

Furthermore, according to the second aspect of the

REPLACEMENT SHEET
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absor bi ng nechani sm whi ch has a superior sound absorption characteristic
fromlower frequencies to higher frequencies can be obtai ned. Furthernore,
according to the tenth aspect of the present invention, the sound absorbi ng
mechani smis constructed so that the sound abSubstitwjesheet - tlZAvgust I 998de
by wel ding plastic particles partially, and consequently, the sound
absor bi ng nmechani sm whi ch has a superior sound absorption characteristic
fromlower frequencies to higher frequeg i es can be obtai ned. Furthernore,
according to the eleventh aspect of the gFesent i nvention, the sound
absor bi ng nechanismis constructed so as to be a sound absorbi ng panel by

equi ppi ng Substitute sheet - 12 August 1996 -73 - a sound jnsulating
plate at th@seuad ipsulatingplateaat the backofre soundabsorhiag mechanism, and

consequently, the sound absorbing mechanism which has a superior sound
absorption characteristic from lower frequencies to higher frequencies
‘can be obtained. |

Furthermore, according to the twelfth aspect of the present
invention, the sound absorbing mechanism is constructed so as to
comprise second hollow members for forming third resonators having a
third back air space, and consequently, the sound absorbing mechanism
which has a superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

While preferred embodiments of the present invention have been
described using specific terms, such description is for illustrative
purposes only, and it is to be understood that changes and variations may
be made without departing from the spirit or scope of the following

claims.

4
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consequently, the sound absorbi ng nechani smwhi ch has a superior sound
absorption characteristic fromlower frequencies to higher frequenci es can
be obtained. Furthernore, according to the twelfth aspect of the present

i nvention, the sound absorbing mechani smis cSHBSHeahesh-d2 Avosish] S
second hol | ow members for forni ng third resonators having a third back air
space, and consequently, the sound absorbi ng nmechani Sm whi Stnseﬂ or
sound absorption characteristic from|owgr frequenci es

frequenci es can be obtained. Wiile pr efzﬁr ed enbodi rrent the pr ese

I nventi on have been described using specific terns, F‘Hb f-or
illustrative purposes only, and it is to be understodd W
variations may be rmade w t hou spi'rit or sco

foll owi ng claims. REPLACEMENT SHEET Substitute sheet - 12 August 1996

1. A sound absorbing mechanism using a porous material to be placed
on a sound insulator such as a wall, comprising:

a sound absorbing plate made of a thin plate of a porous material;

a supporting member for supporting said sound absorbing plate
above said sound insulator, and for forming separated plural first

resonators having first back air spaces respectively by separating

a space between said sound absorbing plate and said sound

insulator; and

a first hollow member fixed to a back of said sound absorbing plate
for forming a second resonator having a second back air space

separated and independent from said first back air space in each

first back air space, said first hollow member having no opening.

2.  The sound absorbing mechanism using a porous material according
to claim 1, which further comprises:
plural reflecting members disposed in front of said sound

absorbing plate with a space from the sound absorbing plate.

3.  The sound absorbing mechanism using a porous material according

REPLACEMENT SHEE
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; : [ REPLACEMENT SH ET
74 - WHAT ISCLAIMED 1S: 1. A sounc’mwﬂﬂ!mﬂlﬂﬁ i sm {|STRGACEMENT SHE
material to be placed on a sound insul c M wal | ' lrﬂ;:AUzQ 199{

sound absorbing plate nmade of a thin plate of a porous natefl
supporting member for supporting said sound aBybstitiuig shest e
sound insulator, and for form ng separated plural first resonators having
first back air spaces respectively by separating a space bet TSount—
absorbing plate and said sound insulatogrs and a first hollow E;\ﬂé'ifs BEEN
to a back of said sound absorbing plate Por forni ng a second Hasg Rf LACED
havi ng a second back air space separated and i ndependent fromsaid first
back air space in each first back air space, said first holl ow nenber

havi ng no openi n@bsorbingiplateswithua space biary the seund absoshing plagesrand
material according to claim11, which further conprises: plural reflecting
menbers di sposed in front of said sound absorbing plate with a space from

t he sound absorbin | at e. . .. 1he sqund abspr hi,ng_.nechani sm, usi a
porous materi al gc&pgqgtgg pI%te dispose in Front of said rgflectmg members $0r

Y Eemaian

fixing the reflecting members, the protecting plate having an

opening.

4.  The sound absorbing mechanism usihg a porous material according
to claim 1, which further comprises plural sound absorbers
composed of a thin plate of a porous material and a second hollow

* member, the sound absorbers being disposed in front of said sound

absorbing plate with a space from the sound absorbing plate.

5.  The sound absorbing mechanism using a porous material according
to claim 1, which further comprises: |
plural sound absorbers composed of a thin plate of a porous
material and a second hollow member, the sound absorbers being
disposed in front of said sound absorbing plate with a space from

the sound absorbing plate; and

a protecting plate disposed in front of said sound absorbers for

fixing the sound absorbers, said protecting plate having an opening.

o

A sound absorbing mechanism using a porous material to be placed

This Sheet Has Been Reﬂlaced
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Substi t.ut e sheet

fromthe sound absor bi | ate; and a protecting plate dis ﬁgd
said reflecting nenbedgi

pl ate having an open

material according to claiml , Wwhi®ch*furt her conprises plural sound
absorbers conposed of a thin plate of a porous material and g Setowe
menber, the sound absorbers being dispoz&d in front of sai d

plate with a space fromthe sound absor

nmechani smusing a porous material according to cIa|n11 whi ¢
conprises: plura

- 20—Newvenber 1996 - 75 - absorbing plate RL‘&CE ENT SHEET

AUG 1986
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I.

ng plate. 5. The &

sound absor bers conposed of a thin plate of a porous
material and a sanshdisposednabovirsaid soend dnsulatarsvritheasback adr dpagwsed in
front of said sound absorbing plate with a space from

between; and

plural sound absorbers composed of a thin plate of a porous

material and a hollow member, said sound absorbers being

- disposed in front of said sound absorbing plate with a space from

|~

g

v

the sound absorbing platé.

The sound absorbing mechanism using a porous material according
to claim 6, which further comprises a protecting plate disposed in
front of said plural sound absorbers for fixing the sound absorbers,

the protecting plate having an opening.

The sound absorbing mechanism using a porous material according

to any one of claims 1 to 7, wherein said sound absorbing plate is

made by plastic particles which are partly welded to each other.

The sound absorbing mechanism using a porous material according
to any one of claims 1 to 8, which is formed as a sound absorbing
panel by equipping a sound insulating plate corresponding to said

sound insulator at a back of a sound absorbing mechanism.

The sound absorbing mechanism using a porous material according
to claim 1, which further comprises a second hollow member fixed

to a back of said sound absorbing plate for forming a third

This Sheet Has Been Replac
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t he, sound absorbing plate; and a protecting plate disposed in front of said
sound absorbers for fixing the sound absorbers, said protecting pI ate

havi ng an openi ng. REPLACEMENT SHEET . -76- %err to any one of
to' 5 wherein said sound absorbing plate is na Ebﬂ}*uﬁégﬁﬁ'& ﬂ%ﬁpgpé%"ﬁﬁﬁch
are partly wel ded to each other. 7 The sound absor bi ng nechani sm usi ng

a porous material according 6 to any one of claims 1 to 6, which is fornmed
as a sound absorbi ng panel by equi ppinga sound insulating plate
corresponding to said sound insulator at a back of a sound absorbing
mechani sm 8 The sound absorbi ng mechani smusing a porous nmateri al

according to claim1, ich fur rc rlsesasec l.I qw_ne r fixed
to a 'back of saik€soBated gmsﬂfxﬁﬁra&?g if 5P2FS EAPHG #M
from said second back air space in each inside of said first hollow

—_—
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REPLACEMENT SHEET - 77 - resonator. having a thi rd back air space
separated and i ndependent from said second back air space in each inside of

said first hollow nenbers. REPLACEVENT SHEET
Substitute sheet - 20 November 1996

5. L

absorbing plate with a space from the sound absorbing plate; and

a protecting plate disposed in front of said reflecting members for
fixing the reflecting members, the protecting plate having an

opening. -

4. The sound absorbing mechanism using a porous material according
to claim 1, which further comprises plural sound absorbers
composed of a thin plate of a porous material and a second hollow
member, the sound absorbers being disposed in front of said sound

absorbing plate with a space from the sound absorbing plate.

5.  The sound absorbing mechanism using a porous material according
to claim 1, which further comprises:
plixral sound absorbers composed of a thin plate of a porbus
material and a second hollow member, the sound absorbers being
disposed in front of said sound absorbing plate with a space from

the sound absorbing plate; and

a protecting plate disposed in front of said sound absorbers for |

fixing the sound absorbers, said protecting plate having an opening.

—




Substitute sheet - 20 November 1996
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The sound absorbing mechanism using a porous material according

5.
to any one of cIa_i_m,s‘,;..to.\, wherein said sound absorbing plate is

made by plastic particles which are partly welded to each other.

The sound absorbing mecléanism'using a porous material accofding
to any one of claims 1 to &, which is formed as a sound absorbing
panel by equipping a sound insulating plate corresponding to said

sound insulator at a back of a sound absorbing mechanism.

The sound absorbing mechanism using a porous material according
to claim 1, which further comprises a second hollow member fixed

to a back of said sound absorbing plate for forming a third

REPLACEMENT SHEET
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Substitute sheet - 20 November 1996

_

e

resonator having a third back air space separated and independent
from said second back air space in each inside of said first hollow

members.
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