ACOUSTI C WAVE PHASE VARYI NG APPARATUS AND SOUND 'Fz>$;<aafu1
"I NSULATI NG.WALL BACKGROUND OF THE I NVENTION Field of the Invention: -
The present invention relates to an acoustic wave phase varying appfatead)-3

| ocated around a sound source or in a propagation path for advancing or

del ayi ng the phase of an acoustic wave; and further to a sound insul ating

appar atus.  Doscr | pt AGRUST G aME BESEVARTING sedfiEw8rosg SO 200y
;IEM/ShOMAng a prior soundp NdﬁgﬂdﬁqxghgﬁﬁAwa@quiﬁ|ed by Japanese Patent
ublication No. 51-46969. ustration, a sound absorbing
BACKGROUND OF THE INVENTION
Field of the Invention: |
The present invention relates to an acoustic wave phase .
varying apparatus located around a sound.source or in a
propagation path for advancing or delaying the phase of an
acoustic wave; and further to a sound insulating wall (sound
barrier) utilizing the acoustic wave phase varying
apparatus. .
Description of the Related Art:
Fig. 23A is an explanatory view showing a prior sound-
insulating wall exemplified by Japanese Patent Publicafion
No. 51-46969. In. the illustration, a sound absorbing
material 2 is placed along an upper end portion of a sound
insulating wall 1. | Various types . of configurations and
fitting constructions are available in terms regérds to the
sound absorbing material 2 as shown in Figs. 23A to 23G.
In additioﬁ, Fig. 24A is an explanaﬁory view of another
example of a prior sound ihsulating wall exemplified by
Japanese Patent Laid-Opeh No. 52-91514. In the
illustrationt a non-transmission meﬁber 3 is installed along
an upper end portion of a sound insulating wall 1. The non-
transmission member 3 has a structure capable of hindering
the transmission of an acoustic wave. Similafly, various
types of configurations and fitting constructions are-
practicable for the non-transmission member 3 as shown in
Figs. 24A to 24H. .
Furthermore, Fig. 25 is an explanatory view illustration

for describin§ the operation of the sound insulating wall'of

g



material 2 is placed along an upper end portion of a sound insulating

wall 1. Various types of <configurations and fitting constructions are
available in terns regards to the sound absorbing material 2 as shawn in
Figs. 23A to 23G In addition, Fig. 24A is an explanatory view: of

anot her exanple of a prior sound i ngul ating wall exenplified by Japanese
Pat ent d- ﬁ&fl 1y ong

non- transn195|g?§§enber |s I ns %P%Srﬁlq%g h%%eﬁéggr gnd g%%?an of
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capabl e of hindering the transm ssion of an acoustic wave. Simlarly,

various typedrefctdonfamdir ahyorsoasd ifd twaveps chnsthatt isdnsikar eit pafitércabl e
for the non-transm ssion menber 3 as shown in_ Figs. 24A to 24H
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the operaklcggr :l.ngr}.e souniiyl naséjgt.?s%{]c.g Vn\%lJes 5c dlffractlng over the

sound absorbing material 2 constitute acoustic waves running
over the sound insulating wall.to be radiated toward the
outside, thu; reducing the sound running over the sound
insulating wall.

Still further, Fig. 26 1is an explanatory view for
describing the operation of the sound insulafing wall of
Fig. 24A. The non-transmission member 3 reflects any-
acoustic wave§ 5d directly strike it and any acoustic waves
5¢ strike it after being reflected from the sound insulating
wall 1. The phases of these acoustic waves 5d and 5e are
slightly shifted relative to the phase of acoustic waves 5c
diffracted at the nonftransmission member 3, due to the
difference in path length therebetween. For this reason,
the acoustic waves 5d, S5e and the acoustic wave 5c are
weakened by interfering with each othe:, with the result
~that the sound running over the sound insulating wall is
reduced. |

However,hin the priof sound insulating wall using the
aforesaid sound absorbing material 2, the acoustic wave 5c
diffracting at the sound absorbing material 2 can not be
reduced. Further, in the case of the sound insulating wall
using thé non-transmission member 3, no great sound
reduction effect due to mutual interference can be expeéted

from a phase shift caused only by a difference in path

length resulting from the shape thereof.

-
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2 Fig. 23A. The sound absorbing material 2 absorbs any acoustic
"waves 5a emtted froma sound source 4 that strike it directly and any
acoustic waves 5b that strike it after being reflected from the sound
insulating wall 1. Accordingly, only acoustic waves 5c diffracting over
the sound absorbing material 2 constitute acoustic waves running over the
sound insulating wall to be radiated toward the outside, thus reducing the
sound runni ng over the sound insul&ing wall. Still further, Fig. 26

:ﬁsﬁraf?ﬁéaWQFPQyP%IEwgf%agﬁﬂﬁﬁﬁﬁLbln%o;hfrggggsg;?BnOfnéggefougd reflects
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it after being reflected fromthe sound insulating wal The phases of
t hese acotswaedwasedsyiath abHeS@radtdlems described above, and it is an
object of the present invention to provide an acoustic wave
phase varying apparatus and alsound insulating wall which
are capable of radically shifting the phases of incident
acoustic waves to enhance the sound reduction effect due to
their mutual interference.

'To this end, according to one aspect of the present
invention, there is provided an acoustic wave phase varying
apparatus comprising a porous member made from a porous?
material and a sound ihsulatiﬁg plafe assembly constructed
by combining a plurality of sound insulatiné plates and made
to support the porous member and to form a plurality of
independent spaces with different volumes at the back of the
porous member.

According to another aspect of the present invention,
there is provided a sound insulating wall comprising a sound
insulating panel provided to stand in the vicinity of a
sound séurce and an acoustic wave phase varying apparatus
including a.porous member made from a porous material and a
sound insulaiing plate éssembly constructed by combining a
plurality of sound insulating“blates and. placed along an
upper end portion of the sound insulating panel, the sound
insulating plate assembly supporfing the porous member and
forming .a plurality of ihdependent spaces with différent

volumes behind the porous member.

BRIEF DESCRIPTION OF THE DRAWINGS



slightly shifted relative to the phase of acoustic waves 5¢c diffracted at
the non-transm ssion nenber 3, due to the difference in path |ength :
t herebetween. For this reason, the acoustic waves 5d, 5e and the acoustic
wave 5c are weakened by interfering with each other, with the result that
the sound running over the sound insulgati ng wal | is reduced. However ,

in the prior gound jnsulating wall i.ng t af oresai d sound apbsor bi ng
material 2, tﬁégacousf'ﬁc E!/va9g°§5 s(ﬁcfstr‘rog’ﬁll n§iey "d\thd2a Rt rb‘f’rﬁfp
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shift caused only by a difference in path length resulting fromthe shape
t hereof. of the present invention;

Fig. 2 1is an explanatory view for describing the
operation of the sound insulating wall of Fig. 1;

_Fiqg. 3 is an. illustration of- one example of a
relationship between a frequency f and a difference § in
phase between' ah incident acoustic wave and a reflected
acoustic wave in the acoustic wave phase Qarying apparatus
of Fig. 1; | |

Fig. 4 is a cross-sectional view showi.ng a principal-s
portion of a sound -insulating wall including an acoustic
wave phase varying apparatus according to a .second
embodiment of this invention;

Fig. 5 is an explanato.ry view for describing the
operation of the soimd insulating wall of Fig. 4; |

Fig. 6 is a cross-sectional view showing a principal
por.t'ion of an acoustic wave phase vafying apparatus
according to a third embbdiment of this invention;

Fig. 7 is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus
according to a fourth embodiment of this invention;

Fig. B8 1is a cross-sectional view showing a _principal
portion of an acoustic wave phase varying apparatus
according to a fifth embodiment of this invention;

Fig. 9 is a c¢ross-sectional view showing a principal
portion of .an acoustic wave phase varying apparatus

according to a sixth embodiment of this invention;

Fig. 10 is a cross-sectional view showing a principal



3 SUMVARY OF THE | NVENTI ON The present invention has been achieved

with a view toward solving the problens described above, and it is an
obj ect of the present invention to provide an acoustic wave phase varying
apparatus and a sound insulating wall which are capable of radically

I ncident acoustic waves to enhance the sound
their nut ual 3i nt er f er ence. To this end,
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portion of a modification of the apparatus in Fig. 10 ;

Fig. 12 is a cross-sectional view showing a principal

portion of an acoustic wave phase varying apparatus

according to an eighth embodiment of this invention;

Fig. 13 is a cross-sectional view showing a. principal
poftion of a modification of the apparatus in Fig. 12 ;

Fig. 14 is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus
according to a ninth embodiment of this invention; -

Fig. 15 is a cross-sectional view showing a principél
portion of an acoustic wave phase varying apparatus
according to é tenth embodiment of this invention;

Fig. 16 is a cross-sectional view showinq a principal
portion of an acoustic wave phase varyiné apparatus

according to an eleventh embodiment of this invention;

Fig. 17 is a cross-sectional view showing a principal

portion of an acoustic wave phase varying apparatus

according to a twelfth embodiment of this invention;

Fig. 18 is a 'plan view showing an arrangement of an

acoustic wave phase 'varying apparatus according to a

thirteenth embodiment of this invention;
Fig. 19 is a plan view showing a modification of the
apparatus in Fig. 18 ;

view showing another modification of

Fig. 20 is a plan
the Fig. 18 apparatus; |
Fig. 21 is a perspective view schematically showing an“
acoustic wave phase varying apparatus according to a



i ndependent spaces with different volunes at the back of the porous

‘menber . According to another aspect of the present invention, there
is provided a sound insulating wall conprising a sound insulating panel
provided to stand in the vicinity of a sound source and ‘an acoustic wave
phase varyi ng apparatus including a porous nenber nmade from a porous
material and a sound insulating platé€ assenbly constructed by conbining a
plurality 69@9&ﬂﬁmﬁhn§m4241ﬂﬁqﬂeﬂ%st@h% preertiianong an upper end portion
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Figs. 23A to 23G are explanatory views for describing
examples of prior sound insulating. walls having sound
absorbing materials; |

Figs. 24A to 24H are explanatory views for describing
examples of prior sound insulating walls having non-
transmission members;

Fig. 25 1is an ekplanatory view for describing the
operation oﬁ the sound insulating wall of Fig. 23A; and

Fig. 26 1is an explanatory view for describing the-

operation of the sound insulating wall of Fig. 24A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments according to the present invention will
now be described with reference to the accompanying
drawings. |

First Embodiment

Fig. 1 is a cross-sectional view showing a principal
portion of a sound insulating wall including an acoustic
wave phase‘ varying apparatus according to the First
Embodiment of this invention, and Fig. 2 is an illustration
for explaining the operation of the saund insulating wall of
Fig. 1.

In the illustratioﬁs, a sound insulating panel 11 is
provided to stand at a side portion of a road over which
sound sources (or noiae sources) 4 such as motor vehicles

pass. A first sound insulating plate 12 is vertically fixed

on an upper end portion of the sound insulating panel 11.



4 Fig. 1 is a cross-sectional view showing a principal portion of a
sound insulating wall including an acoustic wave phase varyi ng apparatus
according to a first enbodi nent of the present invention; Fig. 2is
an expl anatory view for describing the operation of the sound insulating
wal | of Fig. 1; Fig. 3 is an |IIustrat|on of one exanple of a

rel ati onship between a frequenc% ahd a difference [err] phase betmeen
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enbodi ment of this 1 nvention; . I's an explanatory vi ew for

descri bi ngstbeénd sound 1nsu1at1ng plates 12, 13 are made from, for
example, steel or plastic plate. Further, the combination
of first and second sound insulating plates 12, 13 comprise
a sound insulating plate assembly 14.

A c¢ylindrical porous member 15 is located on the outer
circumference of the sound insulating plate assembly 14.
The porous member 15 extends in the longitudinally
directions of the sound insulating panel 11. Further, at
the back of the porous member 15 .there are defined’
independent spaces 16 with different volumes. An acoustic
wave phase varying apparatus 17 according to the. First
Embodiment is therefore composed of the porous member 15 and
the sound insulating platé assembly 14 additionally serving
as a reinforcement. In addition, the acoustic wave phase
varying apparatus 17 and the sound insulating panel 11
constitute the sound insulating wall accofding to the First
Embodiment.

The porous member 15 can be made of a material such as
plastic, ceramic and foamed metal. For instance, in the
case of using'plastic for manufacturing the porous-ﬁember
15, the plastic particulate can be heated to be partially

"welded to each other. Such a manufacturing method has been
disclosed in, tor example, Japanese Patent Laid-Open No. 2-
289333. Among the plastic materials that may be used are
polypropylene resin, acrylate resin, vinyl chioride resin,
ABS resin, polycarbonate resin and so on. According to the

method of welding the plastic particulates, a porous member



operation of the sound insulating wall of Fig. 4; Fig. 6 is a
cross-sectional view show ng a-principal portion of an acoustic wave
phase varying apparatus according to a third enbodinment of this

i nventi on; Fig. 7 is a cross-sectional view showi ng a principal
portion of an acoustic wave phase varying apparatus according to a
fourth enbodi ment of this invention;, 8 Fig. 8 is a cross-sectional view
showi ng a W iwictipad dewitabhe obénfaguratdéost cen weveasghasdonmad/iusing
apparatus according to a fifth enbodi nent of this invention ; Fig. 9
is a cros® Y9 onal vi ew showi ng a.principal portion of an acoustic
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this embodiment. In Fig. 2, acoustic waves 18 directly
incident on the acoustic wave phase varying apparatus 17 and
acoustic waves 19 striking the acoustic wave phase varying
apparatus 17 after being reflected from the sound insulating
panel 11 pass through the porous member 15 to enter the
spaces 16 where they are reflected by the sound insulating
plates 12, 13 making up the wall portions of the spaces 16.
Subsegquently, the acoustic waves pass through the porous
member 15 to come out of the acoustic wave phase varying:
apparatus 17.

When the acoustic waves 18 strike the acoustic wave
phase varying apparatus 17 at an incident angle }§ énd then
goes out as an acoustic waves 18a, the normal acoustic
impedance Z of the acoustic wave phase varying apparatus 17
can be expressed as Z = jpa/cos(f) x (Pi + Pr)/(Pi - Pr)
where pa (p being air density and a being acoustic velocity
in air) represents a characteristic impedance of air, Pi
designates a sound pressure of the incident acoustic waves
18, and Prh denotes_ a sound pressure of 'the reflected
acoustic waves 18a (leaving the acoustic wave phase varying
apparatus 17).

From the above equation, the sound pressure reflectance
R of the acoustic wave phase varying apparatus 17 can be
given by R = Pr/Pi = (Zcos(f) - pa)/(Zcos(f) + pa). In
addition, from this equation, the difference § in phase
between the incident acoustic' waves 18 and the reflected

acoustic waves 18a can be expressed as § = arg(R).



5 portion of an acoustic wave phase varyi ng apparatus according to a
sevent h enbodi nent of this invention; Fig. 11 is a cross-sectional
view showing a principal portion of a nodification of the apparatus in
Fig. 10 Fig. 12 is a cross-sectional view showi ng a principal portion
of an acoustic wave phase varying apparatus according to an eighth
enbodi nent of this invention; Fi%. 13 is a cross- sectional view
shomnng a prlﬁérﬁéﬁrmeéﬁbl&mQﬁParﬁﬁllmqmﬂﬂﬁnﬂ%foihéh&m@ﬂQHﬁkﬂ¢nWFVg 12
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IS a cross-sectional view show ng a principal
an acoustic capacity ¢, and hence, when the frequency is £,
the normal acoustic impedance Z of the acoustic wave phase
varying apparatus 17 can be expressed as Z = r + j2:fm +
1/322fc. In this instance, j% = -~1.

As mentioned before, the phase difference ¢ between tbe
incident acoustic waves 18 and the reflected acoustic waves
18a varies with the normal acoustic impedance Z. With the
acoustic wave phase varying apparatus 17 according to the-
First Embodiment, the normal acoustic impedance Z is
controllable, thus enabling the phase difference to- vary.
More specifically} a desirable phase characteristic is
obtainable by controlling the acoustic mass m and the
acoustic resistance r with the thickness and voids of the
porous member 15 and others and further by controlling the
acoustic capacity ¢ with the volume of the spaces 16.
Further,'if the aforesaid plastic particulates are used as
the material for porous member 15 , the voids are easily
controllable_ with the welding degree between the plastic
particulates.

Fig. 3 is an 1illustration of one example of a
relationship between the frequency £ and the phase
difference ¢ between the incident acoustic waves 18 and the
reflected acoustic waves 18a in the acoustic wave phase
varying apparatus 17. In the illustration, the fact that
the phase difference § is 180 degrees or -180 degrees

signifies that the incident acoustic waves 18 turn into a



portion of an acoustic wave phase varying apparatus according to an

el event h enbodi nent of this invention; Fig. 17 is a cross-sectional
view showing a principal portion of an acoustic wave phase varying
apparatus according to a twelfth enbodi ment of this invention; Fi g.

18 is a plan view showi ng an arrangenent of an acoustic wave phase
varying apparatus according to alOthirteenth enbodi ment of this
i nventi on; negatfivé-ph@ses dopiaBivnetshewifngca nosli fdefatdatiedf atbastic
apparatus in Fig. 18 Fig. 20 is a plan view show ng anot her
modi ficati wavels t&e. Fi §husg appenathe; phasegifperesca ferbgeonéeéseiBlew
Sohemtl ol aa 58 e Best s MR ESR SEEI " ARBYY haves O e
to a
take on an antiphase relation with acoustic wave 20
diffracting over the acoustic wave phase varying apparatus
17 so that both tend to cancel each other significantly
attenuating the acoustic waves as a whole.

As described above, the acoustic wave phase varying
apparatus 17 according to the First Embodiment can greatly.
shift the phase of the incident acoustic wave, with the
result that a greater sound reduction effect is obtainable
through the mutual intefference of the acoustic waves. In-
addition, since a plurality of independent spaces 16 having
different volumes exist behind the porous member 15, it is
possible to offer a plurality of phase characteristics
suitable for different frequencies and hence to enhance the

- sound reduction effect in terms of acoustic waves in a wider
frequencyérénge.

Moreover, in the case of employing the partially welded
plastic particulates as the porous member 15 material, the
formation into various geometries becomes easy to carry out
and void conFrol is facilitated.

Furthermore, if an acrylate resin, a wvinyl chloride
resin, an AB'_S resin, a polycarbonate resin, or the li_ke
which éllows the transmission of light is used for the sound
insulating plate assembly 14 and the porous member 15, this
will prevent the area around an installed sound insulating

wall from becoming dark.

Second Embodiment

Fig. 4- is a cross-sectional view showing a principal



6 fourteenth enbodi ment of this invention; Fig. 22 is a perspective
'view schenatically showing a nodification of the apparatus in Fig. 21
Figs. 23A to 23G are explanatory views for describing exanples of prior
sound insulating walls having sound absorbing materials; Figs. 24A to

24H are explanatory views for describing exanples of prior sound
insulating walls having non- transnmssion nenbers; Fig. 25 is an
expl anat ompntiiewm f of dessoiubidngihbelabprgatiall of nthediagndan Madboasitig wal |
of Fig. 23A; and Fig. 26 is an explanatory view for describing the
oper at i on %¥v& hePRaimd VASKERG ngPRAratyfs Fiaccozing DETAEhED SESCGRKAPTI ON

OF THE'PR%&EF%ERHE%PCDtNEgTS . Epe enbgdinents accprdéng &o the present
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view of the operation of the Fig. 4 sound insulating wali.
Although in the First Embodiment the cross section of the
acoustic wave phase varying apparatus 17 has a circular
cross-section, in the Second Embodiﬁent an acoustic wave
phase varying apparatus 21 has a substantially semi-
cylindriéal plate-like configuration. In additipn, a porous
member 15 and a second sound insulating plate 13a existing
at the lowermost position and exposed to the outside are
joined to define an angular portion (an edge portion) 22.-
The other éfrangements are the same as the First Embodiment.

Next, a description will be made of the operation-df the
sound insulating wall. The phase of acoustic waves 18
directly incident on the acoustic wave phase varying
apparatus 21 ié shifted as in the First Embodiment.
Further; acoustic wave 23 passing through the angular
portion after being reflected ffom the sound insulating
panel 11 are shifted by, for example, 180 degrees in'phase
due to the phase varying effect caused by the configuration
of the angular portion 22. | Thus, phase-shifted acoustic
waves 18a, 23a and acoustic waves 20 diffracting above the
acoustic wave phase varying apparatus 21 tend to cancel each
other to attenuate tﬁe entire acoustic wave.

.When using such an acoustic wave phase varying
apparatus, in comparison to the Fig. 1 apparatus with a
circular cross section, not only is the entire size of the
apparatus reducible, but'the manufacturing thereof is also

facilitated. In addifion, because of the provisién of the



drawi ngs. First Enbodi nent Fig. 1 is a cross-sectional view show ng a

principal portion of a sound insulating wall including an acoustic wave
phase varying apparatus according to the First Enbodinment of this

‘invention, and Fig. 2 is an illustration for explaining the operation of
the sound insulating wall of Fig. 1. In the illustrations, a sound

insul ating panel 11 is provided to 8%and at a side portion of a road over
whi ch soamgudaur cese { bon n@R2se tdourpksie 4vanglings eftart vehenhitsg faeom A
first sound insulating plate 12 is vertically fixed on an_upper end
portion ofthehe arnfipyratieri ngfpafte 1@ngular portion 22  is also

obtainable. Moreover, since the angular portion 22 is
situated at both sides of'the acoustic wave phase varying
apparatus 21, the sound reduction effect is achievable no
matter what side of the acoustic wave‘ phase varying
apparatus 21 a sound source 4 is positioned.

Third Embodiment -

Fig. 6 is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus
according to the Third Embodiment of this invention. In
this example, an acoustic wave phase varying apparatﬁs 24:
has a substantially sectorial créss section.

As hompared with - the Second Embodimeht, such an
apparatus permits a further reduction in total size. In
addition, a sound reduction effect is attainable with
respect to a sound source at the angular portion 22 side,
just as in the Second Embodiment.

Fourth Embodimeﬁt

Fig. 7 1is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus.
according to the Fourth Embodiment of this invention.
Although in the First, Second and Third Embodiments the
porous member 15 has a curved configuration, an acoustic
wave phase varying apparatus 25 according to the Fourth
Embodiment employs a flat plate-like porous member 26.

Since the porous member 26 has a flat plate-like
configuration, its manufacture and assembly are facilitated.
In addition, because of the formation of an angular portion

22, a sound reduction effect is obtainable similar to the



7 In addition, a plurality of second sound insulating plates 13 are
“horizontally fixedly attached to both side surfaces of the first sound
insulating plate 12. The first and second sound insulating plates 12,
13 are made from for exanple, steel or .plastic plate. Further, the
conbination of first and second sound insulating plates 12, 13 conprise a
sound insulating plate assenbly 14. 13 A cylindrical porous nenber 15 is
| ocat ed orfhimd Enbedimentunf erence of the sound insulating ptate assenbly

14. The _porous  nepber 15 extends in the | ongitudinally directions
of the soi&iﬁﬂmﬁﬂ&ﬂﬂ&ﬂﬁ&%nel 11. Further, at the back. of the porous
menber 15 ther are def i ned ndependgnt sgaces 16 th di fferent volqnes.

An acoustic pﬁaé% vgry$5% %pﬁﬁ? t08217 Hor | lpgit%eprﬁpfépa
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I nsul ati ng plate assenbly 14 additionally serving as a reilnforcenent
addi ti on, ddwmuiqist i€o Wa¥Reph&8i€th Embodiment of this 1nventlon.
Although in the above-mentioned embodiments there is only
one porous member, an acoustic wave phase varying apparatus
27 according to the Fifth Embodiment uses a plurality of
separate pérous members 28. Angular portions 29 are formed
at portions joining the respective porous member 28 and
sound insulating plates 13. |
Such an acoustic wave phase varying apparatus 27 not<
only shifts the phase of the acoustic waves incident on the
porous members 28 but also varies the phases thereof with
the angular portions 22 and 29, and therefore a great sound
reduction effect is attainable.
Although in Fig. 8 the porous members 28 have a flat
plate-like configuration, it is also possible that, for

example, they have a corrugated or wave-like cross section.

Sixth Embodiment

Fig. 9 is a cross-sectional view sthing a principal
portion Of, an acoustic wave phase varying apparatus
according to the Sixth Embodiment of this invention. An
acoustic wave phase varying apparatus according to the Sixth
Embodiment uses.a flat plate-like porous member 26. It has
a cross-sectional configuration nearly the_inverse of that
in Fig. 7.

An acoustic wave phase varying apparatus 30 with such a

configuration can also provide a sound reduction effect

substantially similar to that of the Third Embodiment.



varyi ng apparatus 17 and the sound insul ating panel 11 constitute the

sound insulating wall according to the First Enbodi nent. The porous
menber 15 can be nmade of a material such as plastic, ceramc and foaned
nmetal. For instance, in the case of using plastic for manufacturing the

porous nenber 15, the plastic particulate can be heated to be partially
wel ded to each other. Such a manufactu4 ng net hod has been disclosed in,
for exanpl SevapancEmbdbiment Lai d- Open No. 2- 289333. Anong the plastic

materials that may be used are .Eolypropylene resin, acrylate resin, vinyl
chloride resinFigss rEi mngol yéar BERat BEPESTAeSHd 88 ton V1eKSc oSdiod "o
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apparatuses according to the Seventh Embodiment of this
invention. In the illustrations, a sound insulating plate
assembly 31 comprises first and secpnd sound insulating
plates 12, 13, a third sound insulating plate 32 with a
circular arc cross section, and two fourth sound insulating
plates 33 disposed to extend radially from the third sound
insulating plate 32. An. acoustic wave phase varying
apparatus 34 is composed of the sound insulating plate
assembly 31 and a porous member 35 with a circular arc cross-
section. Although the plate-like porous member 35 is made
of a material that is the same as those in the -above-
" mentioned embodiments, its thickness varies. in the porous
member 35 of Fig. TQ, its thickness varies to become larger
toward one end portion, while in the porous member 35 of
Fig. 11 its thickness varies to become iarger toward the
other end portidn.
Next, a description will be made of the .operation
- thereof. The porous member 35 of the acoustic wave phase
varying apparatus 34 has, as acoustic characteristics, an
acoustic mass m and an acoustic resistance r, and a space 16
retains an acoustic capacity c. The variation in thickness
of the porous member 35 can be used to adjust the acoustic
mass m and the acoustic resistance r, thus pro?iding a
desired phase characteristic.
Although in Figs. 10 and 11 the thickness of the porous
member 35 continuously varies, it is also appropriate for it

to be varied incontinuously.



15 with a desirable configuration can be easily fornmed using a nold.

Next, a description wll be made of the operation of this enbodinent. In
Fig. 2, acoustic waves 18 directly incident on the acoustic wave phase
‘varying apparatus 17 and . acoustic waves 19 striking the acoustic wave
phase varying apparatus 17 after being reflected fromthe sound insul ating
panel 11 pass through the porous nenbens515 to enter the spaces 16 where
they are rBigkthcEmbgdihentound insulating plates 12, 13 naki'ng up the
wal | portions of the spaces 16. _ Subsequently, the acqustic waves pass
through the pdfdeS- nbhbefnds 18 c8FE oFEOFS-SREdCIFt | Yigdfe pyEing
varying- apparatus 17. .. n thet.acoustic vaves 18 strike 1:the
acoustic v nc’p‘ﬁ% eP%HPHa \é\:)%;e)aﬁ‘ca‘?‘bss 47 ‘é?v?inpf’ﬁél dé’ﬁtryér?é’l eap[pearrraj Uhd
then goes cOtaif +8NAEOKILhEn PRYEAInEHR. of! R% 1 sNARINt SHOUSIIE an

| npedance T ot THe  acousti c wave phase varying apparatus 17 can be
expressed fsoudstidewbla/ phHder vy Xng( BpparBtls( B6 -afédrding to this

embodiment, porous members 15 each having an even thickness
ére piled up lto change the entire thickness. Fig. 13
illustrates a piling example different from that of Fig. 12.
These acoustic wave phase varying apbaratuses 36 also offer
the same effect as the Seventh Embodiment.

Ninth Embodiment

Fig. 14 is a cross-sectional view showing principal-
portion of an acoustic wave phase varying apparatus
according to the Ninth Embodiment of this invention. | In
this embodiment, an acoustic wave phase varying ;pparatus 37
employs, in place of the flat plate-like porous member 28 in
Fig. -8, porous members 38, 39 having a.curved cross section.

-When the porous members 38, 39 are made to have a curved
cross section, their essential surface area, i.e., the
acoustic wave reception area, becomes larger thén the
projected area. Accordingly, the apparent acoustic mass m
and acoustic resistance r become smaller so that the phase
difference characteristic becomes closer to 180 degrees.
Accordingly, further excellent sound reduction effects can
be attained.

Tenth Embodiment

The cross-sectional configuration of the porous member
is not limited to that of Fig. 14, and it is also possible
to use a porous member 40 with a cross-sectional

configuration, for example, as shown in Fig. 15. Even in



where pa (p being air density and a being acoustic velocity in air)
represents a characteristic inpedance of air, Pi designates a sound
pressure of the incident acoustic waves 18, and Pr denotes a sound
pressure of the reflected acoustic waves 18a (| eaving the acoustic wave
phase varying apparatus 17). From t he above equation, the sound
pressure reflectance R of the acouddic wave phase varying apparatus 17 can
be giventhjsR case/pithre gaves(difedy is [ebvainabhleoss eteng) ast fher]

a). In addition, fromthis equation, the difference [err] in phase

bet ween t B¥TILACE@T(E 3% GHFRTLS PEBIEMEL HRF$2f | ected acoustic waves
éSa CaEuPE&%ﬁ%&%@iigﬁggg%E%ﬁ% ;eﬁngRiS of the acoustic wave

Fig. 16 is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus
according té the Eleventh Embodiment of this invention. In
an acoustic. wave phase varying apparatus 41 according to
this embodiment, sound insulating plétes constituting bottom
portions of spaces 16, i.e., second sound insulating plates
13, are respectively incliﬁed. with respect to the
horizontal, and their lower end portions are connected to a
porous member 15f The other arrangements_are the same as-
those in the Third Embodiment.

In the acoustic wave phase varying apparatus 41, water
‘'coming in the spaces 16 after passing through the porous
member 15 flows along the second sound insulating plates 13
and then comes out through the porous member 15 in the
vicinity of an angular portion 22. Thus, in cases where the
acoustic Qave bhase varying apparatus 41 is applied to a
sound insulating wall and | installed outdoors,
countermeaéures against rain water become easy to adapt.
Further, the sound reduction effect is the same as that of
the Third Embodiment. |
.Twelfth Embodiment

Fié. 17 1is a cross-sectional view showing a principal
portion of an acoustic wave phase varying apparatus
according to the Twelfth Embodiment of this invention. In
an acoustic wave phase varying apparatus 42 according to
this embodiment, a lighting device 43 such as a fluorescent

lamp is provided within a sound'insulating plate assembly



phase varying apparatus 17 has acoustic characteristics including an
acoustic mass mand an acoustic resistance r, while the spaces 16 have
acoustic characteristics including an acoustic capacity c, and hence, when
the frequency is f, the normal acoustic inpedance Z of the acoustic wave
phase varying apparatus 17 can be expressed as Z =r + j2[err]fm+
1/j2[err]fc. 1In this instance, [err] 7.1, As nmenti qgned before, the
phase difféence f&rrpPdSdtiosn t e BIRIWRNtMEBRRSt i t5wadBE 18h8nd SENSd

fl d 18 h .
Wth the  SrRieACRy e Rhac @ ST, Abpaid (RedY aécgfﬁ‘?ﬁag%"?ﬁggnﬁ. st
Enbod rent e QIR A bTERIARCE ) fr SR 0! a0LRy) LhBrie

enabl i ng the ference to vary re speci f1cal esirabl e
phase char@stlef,l HBS rdsin Om@li@@i-ﬁoﬁatéoﬂéﬁﬂHbﬁe EbeoaCOUStIC mass m

and the acoustic resistance r wth the thickness and voids of the porous

menber 15 and dihesr suandgf uthéeradpushid r elalviengpbhee varying apparatus
thué arranged, the sound insulating wall may also double as
lighting equipment. 1In addition, the sound reduction effect
is virtually the same as that of the Third Embodiment.

Thirteenth Embodiment

Fig. 18 is a plan view showing an arrangement of an
acoustic wave phase varying apparatus according to the
Thirteenth Embodiment of this invention, where the cross--
sectional <configuration is +the same as the Fig. 4
configuration. In an acoustic wave phase varying apparatus
21 according to this embodiment, its entire cross-sectional
dimension varies in its longitudinal direction so that the
acoustic wave reception surface is enlarged.

Since in the acoustic wave phase varying apparatus 21
the virtual surface area is greater than the projected area,
the apparent acoustic mass m and acoustic resistance r are -
reducible, with the result that the phase difference
characterist@c becomes closer to 180 degrees so that a more.
excellent sound reduction effect can be attained.

Although in Fig. 18 the plane shapes of both side
portions of the acoustic wave phase varying apparatus 21
assume a saw tooth like configuration, the configuration is
not limited thereto, and it is also possible to take a wave-
like configuration as shown in Fig. 19. Further, in the
acoustic wave phase varying apparatus 24 with the cross-

sectional configuration as shown in Fig. 6, the plane shape



acoustic capacity ¢ wwth the volunme of the spaces 16. Further, if the
aforesaid plastic particulates are used as the material for porous nenber
15, the voids are easily controllable with the welding degree between the
plastic particul ates. Fig. 3is an illustration of one exanple of a
relationship between the frequency f and the phase difference [err]
bet ween the incident acoustic waves 18 hd the reflected acoustic waves
18a in t heoficonet $tdeaperphadecanabygi fgragsacst showny in Fighe2O.
illustration,  the faét tEat ﬁhe phase difference [err] is 180 degrees or
-180 degr £Qurtegnth; kub ePke incident. acoustic waves 18 turn into a

10 ”egative'pﬁﬁfé.cﬁﬁmﬂécg'LQ:ESLE%&Eea%déﬁ'§%ﬂéﬂa€989§iycshowing an

acoustic wave phase varying apparatus according to the

Fourteenth Embodiment of this invention. Although in the

above-described embodiments an acoustic wave phase varying

apparatus constructed separately is attached onto a sound

insulating panel, in this embodiment a sound insulating

panel 11 section and an acoustic wave phase vwvarying

apparatus 24 section are integrally manufactured in advance.

Thus, it is possible to decrease the number of parts and

simplify the installation owing to the common wuse of-
components.

Fig. 22 is a perspective' view schematically showing
another example of the Fig. 21 apparatus. In this example,
both longitudinal end portions 11a of a sound insulating
panel 11 are more extended than the acoustic wave phase
varying apparatus 24 section. The resultant sound
insulating wall results in easy installation in such a
manner that columné (not shown) with an H-shaped cross
section are planted at given intervals and both the end
portions 11a of the sound insulating panel 11 are fittgd
into the channels of the H;shaped cross section type
columns.

In the case of integrating the acoustic wave phase
varying apparatus and the sound insulating panel, the
acoustic wave phase vérying apparatus section may be changed
as illustrated in the above-described embodiments.

Although in the respective embodiments the acoustic wave

phase varying apparatus is used for a sound insulating wall,



waves 18a. Thus, when the phase difference 9 becones 180 degrees or -180
degrees, the reflected acoustic waves 18a take on an antiphase relation
wi th acoustic wave 20 diffracting over the acoustic wave phase varying
apparatus 17 so that both tend to cancel each other significantly
attenuating the acoustic waves .as a whol e. As descri bed above, the
acoustic wave phase varying apparatus 19 according to the First Enmbodi ment
can great | theshidaustthie please pliashevarnrineneppapatiscnadvalsei PR Phaced
result that a greater sound reduction effect is_ obtainabl Ei*; t.hrough thg
mut ual i nt O ePEhEE oF tEHELHESSSt FECRAaVRS. PYRLALNGRy "ot hcd aSoun
plurality of independent spaces 16 having different vol unes exist behind
t he porous lr?e”r'rﬂ@%% pqrtesji's possible to offer a plurality of phase
characteristics suitable for different frequencies and hence to enhance
the sound reduction effect in terns of acoustic waves in a w der
frequency-range.



Mor-eover, in the case of enploying the partially 2?Lg§9-E’QSLL€'~"”
particul ates as the porous nenber 15 material, th rmation int arious
geonetries becones easy to carry out and void cpnt m‘{\m‘“\ ﬁ“ﬁ
Furthernore, if an acrylate resin, a vinyl chloride “ esin,
pol ycarbonate resin, or the like which allows the t ansm &si dn of | i ght |s
used for the sound insulating plate asgenmbly 14 and the porous nenber 15,

this wll wieveas dilideparsound an installed sound insulati'hg wall from

becom ng dark. Second Enbodi nent Fig. 4 is a cross-sectional view
showi ng a princli.pain acoustic wave phase varying apparatusllcpapiriieingf: a
sound insul ating wall including an acoustic

a porous member made from porous material; and

a sound insulating plate assembly constructed by
combining a plurality of sound insulating plates and made to
support said porous member and to form a plurality of
independent spaces with different volumes at the back of
said porous member.

2. An acoustic wave phase varying apparatus accordin§ to
Claim 1 wherein said porous member is made from porous
material produced by partially welding a large number of
plastic particles. -

3. An acoustic wave phase varying apparatus according to
Claim 1 wherein said porous member and said sound insulating
plates exposed to the outside are joined to each other to
form an angular portion.

4. An acoustic wave phase varying apparatus according to
Claim 1 wherein said porous member has a plate-like
configuration with-a varying thickness.

5. An acoustic wave phase varying apparatus according to
Claim 1 wherein the thickness of said porous member is
varied by ch§nging the number of lamination layers.

6. An acoustic wave phase varying apparatus according to
Claim 1 wherein said porous member has a bent cross section.

7. An acoustic wéve phase varying apparatus accdrding to
Claim 1 wherein the entire cross section of said apparatus
varies in dimension in its longitudinal direction so that
its acoustic wave reception area is enlarged.

8. An acoustic wave phase varying apparatus according to

" Claim 1 wherein said sound insulating plate constituting a



wave phase varying apparatus according to the Second hi s
-invention, and Fig. 5 is an explanatory view of theumm“ﬁﬂmmt Fig.
4 sound insulating wall. Although in the First Enb @ CFOSS
section of the acoustic wave phase varying apparatus 17 has a circul ar
cross-section, in the Second Enbodi ment pan acoustic wave phase varying
apparatus 21 has a substantially sem - «cylindrical plate-like

conf i gur atbiodrtom rpcaddidn omf aapdrspacesenmeunhixnuﬂeyrthondsseuhdto a
insulating plate 13a existing at the |owernost position and exposed to the
out si de a?’@rljz&ﬂ@d t@ipefFthenan arGuitarlpoeri nd apcEl§enpdthent 24s-

The ot her .ar.ra nents re the sa as the First Enbodi nent. Next, a
descripti@ﬁ%ﬁ PRE QYR BY®SEion of the sound insulating wall

The phase m%taucsu%%e $hadl 'l ¥ng dgstPQ\&usogﬁcwgmgcegst'C

wave phase varylng appar at Us
Enbodi meniclailurt Rere idC QSild oV@YE membe PaSSd NJaid hsOUBA 1h881a8RgH! ar

portion after being reflected fromthe sound insul ating

plate assembly are made of a material which allows light to
transmitted therethrough.

10. A sound insulating wall comprising;

a sound insulating panel provided to stand in the
vicinity of a sound source; and

an acoustic wave phase varying apparatus including ‘a
porous member made from porous material and a: sound-
insulating plate assembly constructed with a combination of
a plurality of sound insulating plates and placed along an
upper end portion of said sound insulating panel, said sound
insulating plate assembly supporting said porous member and
forming a plurality of independent spaée portions with

different volumes behind said porous mémber.



panel 11 are shifted by, for exanple, 180 degrees in phas q;to THE====
phase varying effect caused by the configuration of the -ngu dzr_prtloﬁté_7
22. Thus, phase-shifted acoustic waves 18a, 23a and a (a8 20
diffracting above the acoustic wave phase varying apparatus 21 tend to
cancel each other to attenuate the entire acoustic wave. When using
such an acoustic wave phase varying22apparatus, in conparlson to the
Fig. 1 appBPARASTWOFhTHE BILSCHAFURE oss section, not only is the entire
size of the Bparatus reduci bl e, hut the nanufacturl g¥thereof is.also

(gcl i1atea, [FnsSBFERGH: SRS eq NEREAY ORE - Hhe < plurality
12 angul apenon b gladanc! 16003 6 M0 W S SFE L SHGHEL e LT PlbnbBy o

configuraftion of € angu portion
porous member made from porous material and a sound

insulating plate assembly. Therefore, it is possible to
radically shift the phases of the acoustic waves incident
thereon, and hence to enhance the sound reduction effect due

to the mutual interference of the acoustic waves.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced




obt ai nabl e. Mreover, since the angular portion 22 is situated at
“both sides of the acoustic wave phase varying apparatus 21, the sound
reduction effect is achievable no matter what side of the acoustic
wave phase varying apparatus 21 a sound source 4 is positioned. Third

.Enbodi nent "Fig. 6 is a cross-sectional view show ng a princi pal
portion of- an acoustic wave phase varying apparatus according to
the Third Enbodi ment of this inventigp I'n this exanple, af acoustic
wave phase varyi ng -apparatus 24- has a substantially sectorial cross
section. As conpared wth t cond, Enbodi nent, such an
apparatus permts a further reducti éﬁtotal si ze. In addition, a
sound reduction effect is attainable wt respect to a sound source at the
angul ar portion 22 side, just as in the Second Enbodi nent. Fourth
Enbodi nent
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.Fig. 7 is a cross-sectional view showng a principal portion . of an
acoustic wave phase varying apparatus according to the Fourth

Enbodi ment of this invention. Although in the First, Second and Third
Enbodi nents the porous nmenber 15 has a curved configuration, an acoustic
wave phase varying apparatus 25 according to the Fourth Enbodi ment enpl oys

a flat plate-like porous nenber 26. Since the porous nenber 26 has
a flat plate-like configuration, its manufacture and assenbly are
facilitated. In addition, because of/%he formation of an angul ar portion

22, a sound reduction effect is obtainable simlar to the
13 Third Enbodi nent. Fi fth Enbodi nent

FIG. 2
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Fig. 8 is a cross-sectional view showing a principal portion of an
acoustic wave phase varying apparatus according to the Fifth

Enbodi ment of this invention. Although in the above-nentioned

enbodi ments there is only one porous nmenber, an acoustic wave phase
varyi ng apparatus 27 according to the Fifth Enbodi nent uses a plurality of
separ ate porous nenbers 28.- Angular portions 29 are forned at portions
joining the respective porous mnenber and sound insul ating plates 13.
Such an acoustic wave phase varying a%ggkatus 27 not- only shifts the
phase of the acoustic waves incident ‘Ege rous nenbers 28 but al so
varies the phases thereof with the ESB L pgti ons 22 and 29, and
therefore a great sound reduction effect is attainable. Al t hough in
Fig. 8 the porous nenbers 28 have a flat plate-like configuration, it is
al so possible that, for exanple, they have a corrugated or wave-like cross
section.
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Si xt h Enbodi nent Fig. 9 is a cross-sectional view show ng a principal
portion of an acoustic wave phase varying apparatus according to
the Sixth Enbodi ment of this invention. An acoustic wave phase varying
apparatus according to the Sixth Enbodi nent uses a flat plate-like porous
menber 26. It has a cross-sectional configuration nearly the inverse of
that in Fig. 7. An acoustic wave phase varying apparatus 30 with such
a configuration can also provide a#%dlnd reduction effect sSubstantially
simlar to that of the Third Enbodi nent.

14 Sevent h Enbodi ment Figs. 10 and 11 are cross-sectional views show ng
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princi pal portions of acoustic wave phase varyi ng apparatuses
according to the Seventh Enbodi nent of this invention. 1In the
illustrations, a sound insulating plate assenbly 31 conprises first and
second sound insulating plates 12, 13, a third sound insulating plate 32
with a circular arc cross section, and two fourth sound insulating plates
33 disposed to extend radially fronbft¥e third sound insulating plate 32.
An acoustic wave phase varying us is conposed of the sound
insulating plate assenbly 31 and a ﬁmﬁe r 35 with a circular arc
cross- section. Although the plate-like porous nenber 35 is nade of a
material that is the sane as those in the above- nentioned enbodi nents,
its thickness varies. In the porous nenber 35 of Fig. 10, its thickness
varies to become |arger toward one end portion, while in the porous nmenber
35 of Fig. 11 its thickness varies to becone |larger toward the other end

portion.
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Next, a description will be nmade of the operation thereof. The porous
menber 35 of the acoustic wave phase varying apparatus-34 has, as acoustic
characteristics, an acoustic nmass mand an acoustic resistance r, and a
space 16 retains an acoustic capacity c. The variation in thickness of

t he porous nenber 35 can be used to adjust the acoustic mass m and the
acoustic resistance r, thus.provi di/ag§ a desired phase characteristic.

Al though in Figs. 10 and 11 the thic SgmOf t porous nenber 35
continuously varies, it is also aper;iige_ f it to be varied

i nconti nuously. : 15 Ei ght h Enbodi nent
Figs. 12 and 13 are cross-sectional views show ng

FIG. 7
| 13 "_\,12
26 ,
- ;/14
' l ~—25
’
.:z.—_z%
22 13a %«n
Q/




princi pal portions of acoustic wave phase varying apparatus according to
the Ei ghth Enbodinent of this invention. In an acoustic. wave phase
varyi ng apparatus 36 according to this enbodinment, porous nenbers 15 each
having an even thickness are piled up to change the entire .
t hi ckness. Fig. 13 illustrates a piling exanple different fromthat of
Fig. 12. These acoustic wave phase7(f{ying appar atuses 36 also offer the
sane effect as the Seventh Enbodi ment.” N nth Enbodi nent Fig. 14 is
a cross-sectional view show ng erﬂi@l p@tion of an acoustic
wave phase varying apparatus accérdi % 0 e N nth Enbodi nent of this
i nventi on. In this enbodi nent, an acoustic wave phase varyi ng apparat us
37 enploys, in place of the flat plate-like porous nmenber 28 in Fig. 8,
porous nenbers 38, 39 having a curvzg Crass, secti When t he porous
members 38, 39 are made t.0 have a céPvad

n.
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acoustic wave reception area, becones |arger than the projected area.
Accordi ngly, the apparent acoustic nass m and acoustic resistance r becone
smal l er so that the phase difference characteristic beconmes closer to 180
degrees. Accordingly, further excellent sound reduction effects can be
attained. Tenth Enbodi nent The cross-sectional configuration of the
porous nmenber is not limted to tBAt7of Fig. 14, and it is also possible -
to use a porous nenber 40 with a cross-sectional configuration,

for- exanple, as shown in Fig. 15. Ejﬁl n ‘LQ |
16 this case, the sane effect is obt fe as Yong as the surface area
exceeds the projected area.
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El'event h Enbodi nent Fig. 16 is a cross-sectional view show ng a
principal portion of an acoustic wave phase varying apparatus according

to the El eventh Enbodi nment of this invention. 1In an acoustic wave phase
varying apparatus 41 according to this enbodi ment, sound insul ating

pl ates constituting bottom portions of spaces 16, i.e., second sound
insulating plates 13, are res é?ively inclined with respect to
the horizontal, and their | ower tlon e connected to a porous
menber 15. The ot her arrangenent dééthe as those in the Third
Enbodi nent . In the acoustic wave ase varying apparatus 41, water

comng in the spaces 16 after passing through the porous nenber 15 fl ows
al ong the second sound insulating plates 13 and then cones out t hrough the
porous nenber 15 in the vicinity of an adul ar portion 22. Thus, in cases
where the acoustic wave phase varf%ng apaararnc 11 is applied to a sound
i nsul ati ng wal | and i nst al - '
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count er measures agai nst rain water become easy to adapt. Further, the
sound reduction effect is the sane as that of the Third Enbodi nent.

Twel ft h Enbodi nment Fig. 17 is a cross-sectional view showi ng a
principal portion of an acoustic wave phase varying apparatus
according to the Twel fth Enbodi ment of this invention. In an acoustic

wave phase varying apparatus 42 according to this enbodinment, a lighting
device 43 such as a fluorescent |adf/1% provided within a sound insul ating

pl ate assenbly Fcl G 17 31. In addition,
a porous nenber 15 and the solin nsul!t‘tg pl ate assenbly 31 are
made of a transparent or translucent material such as acrylate resin,

vinyl chloride
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resin, ABS resin, polycarbonate resin and so on. When using the
acousti c wave phase varying apparatus thus arranged, the sound insul ating
wal | may al so double as lighting equipnent. In addition, the sound
reduction effect is virtually the same as that of the Third Enbodi nent.
Thirteent h Enbodi nent - Fig. 18 is a plan view show ng an arrangenent of
an acoustic wave phase varying apparatus according to the Thirteenth
Enbodi nent of this invention, where thél%ross-- sectional configuration
is the sane as the Fig. 4 configuratio | pean acoustic wave phasé varying
apparatus 21 according to this enbodinE;J, i S entie cross-secti onal

di mension varies in its longitudinal directiof soft&t the acoustic wave
reception surface is enlarged. Since in the acoustic wave phase
varying apparatus 21 the virtual surface area is greater than the
projected area, the apparent acoustic mass m and acoustic resistance r are
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reduci ble, with the result that the phase difference characteristic
becones closer to 180 degrees so that a nore excellent sound reduction

ef fect can be attained. Al though in Fig. 18 the plane shapes of both
side portions of the .acoustic wave phase varyi ng apparatus 21 assunme a
saw tooth |ike configuration, the configuration is  not limted thereto,
and it is also possible to take a wave- |ike configuration as shown in
Fig. 19. Further, in the acoustiZdlfave phase varying apparatus 24 with
the cross- sectional configuration as shown in Fig. 6, the plane shape

18 of one side portion can be forned as shown in Fig. 20. Fourteenth
Enbodi ment Fig. 21 is a per speFtI Gvi e\ﬂl %ﬁemati cal ly showi ng an
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T e e ——— e ——— ]

FIG. 19




acousti c wave phase varying apparatus according to the Fourteenth

Enbodi nent of this invention. Although in the above-described enbodi nents
an acoustic wave phase varying apparatus constructed separately is
attached onto a sound " insulating panel, in this enbodi mrent a sound
insulating panel 11 section and an acoustic wave phase varying apparatus
24 section are integrally manufactured in advance. Thus, it is possible to
decrease the number of parts andi3/d7mplify the installation owing to
the comon use of- conponents. Fig. 22 is a perspective vVview
schematically showing another exanple of the Fi.g. 21 apparatus. In this
exanpl e, both longitudinal end pﬁlﬁ 1%@; a sound insulating panel
11 are nore extended than the acousti ve (4 varying apparatus 24
section. The resultant sound insulating wall results in easy
installation in such a manner that colums (not shown) wth an

H shaped cross section are planted at/ giivgn intervals and both the end

11

N-24

FIG. 21
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portions 1la of the sound insulating panel 11 are fitted into the channels
of the H shaped cross section type colums. In the case of
integrating the acoustic wave phase varying apparatus and-the sound

i nsul ati ng panel, the acoustic wave phase varying apparatus section may be

changed as illustrated in the above-described enbodi nents. Al though in
the respective enbodi nents the acoustic wave phase varying apparatus IS
used for a sound insulating wall, 14/17 19

t he acoustic wave phase varying apparatus may al so be pl aced on ot her
structures such as buildings, without a sound insulating panel.

FIG. 22
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20 WWHAT IS CLAIMED I S: 1. An acoustic wave phase varyi ng appar at us,
conpri si ng: a porous nenber nmade from porous material; and a
sound insulating plate assenbly constructed by conbining a plurality of
sound insulating plates and made to support said porous nenber and to form
a plurality of independent spaces w t{smdizfferent volunes at the back of

sai d porous nenber. 2. An acoustic wave phase varying apparatus

di d ai i ney @y d nmb i s f
mat or i &l pr oduced LF BABinal 1 £ BUkng & 1 ar go nunbdr b pl 2l S B
particles. 3. AnPﬁf)dﬁl Aﬁalye phase varying appe‘{,ﬁlﬁRacAﬁ.f.l ng to
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,Cléin11 wherein said porous'nénber and sai d sound inéulating pl at es
exposed to the outside are joined to each other to forman angul ar

portion. 4. An acoustic wave phase varying apparatus according to
Claim 1 wherein said porous nenber has a plate-like configuration with a
varyi ng thickness. 5. An acoustic weAg phase varyi ng appar at us

according to Caim1l wherein the thickness of said porous nenber is
vari ed by changi nu r AofA | am nation | ayergs 6. / ustic
wave phase varyi :Ej [aﬁaf am ' ding to Caim F\I/rﬁei n zngr ous
menber has a bent CA =0 7. An acousti p aﬁérvarying
appar at us accordingigﬂt)EfJQE?T wherein the entire E“%@é?3e2§l n of said

apparatus varies in dinension in its longitudinal direction so that its

acoustic wave reception area is enlarged. - 8. An acoustic wave phase
varyi ng apparatus accor ¢ to Claim21l wherein said soufid i nsul ating plate
constituting a 3
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21" bottom portion of said spaces is inclined with respect to a horizontal
‘direction, and a |l ower end portion thereof is joined to said porous

menber . 9. An acoustic wave phase varying apparatus according to
Claim1l wherein said porous nenber anpgisaid sound insulating plate
assenbly are nmade of a material which allows light to transmtted

t her et hr ough. 10. A sound ins t Qg onpri si ng; a sound

i nsul ati ng panel” provided to standFi Gq \A\H;zsl ty of a sound source; and
an acousti c wave phase varying apparatus including a porous nenber nade

from porous material and a solRRIORSARTiI ng plate assenbly
constructed with a conbi nation of .
' 5¢

5c
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“a’plurality of sound insulating plates and placed along an upper end
portion of said sound insulating panel, 'said sound insulating plate
assenbly supporting said porous nenber and formng a plurality of

i ndependent space portions with different vol umes behind said porous
menber . '

. g 22
A;OUSTI;'WAVE-P?ASE VARYING APPARATUS
5§D SQUND INSULATING WALL

ABSTRACT OF THE DISCLOSURE

In an gcoustic wave phase varying apparatus, a plurality
of indepesrdent spaces with different volumes are formed by a
porous member made from porous material and a sound
insulating plate assembly. Therefore, it is possible +to
radically shift the phases of the acoustic waves incident

L thereon, and hence to enhance the sound reduction effect due

to the mutual interference of the acoustic waves.

FIG.1
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