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A PORQUS STRUCTURAL UNIT AND A METHOD OF PREPARING THE

SAME

The preseot invention relates to a porous structural
unit used for an acoustic absorption material or a heat
5 insulation materia}. More particularly, it relates to a
porous structural unit having a porous layer wherein the
spec1f1c gravxty is contlnuously changed in the direction
of the thickness of the layer or of the surface of the
layer, and a method of preparing the same.

10 'There have been used as an acoustic absorption
marcrial or a heat insulation material a porous material
suchﬁgs-glasc wool, rock wool, urethane foam and so on.
The-ﬁorous material such as urethane foaﬁ, steel wool and
so on have beon used as a filter for cleaning air. The

1s porous material,is widely used for the purpose of sound
deadening, heat insularing and air cleaning such as a
vacuum cleaner, a'cooling/warming air conditioner, an air

cleaner and so on’y Thererlswa,strqnqﬁdgmand from

-‘a

manufacturers thg; the* porou§ ﬁate?zar Ee low cost and

20 high in performance as well as the minimum restrrctrve

~—ra,
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pur pege ofz.gound deadening, heat insulating and air cleaning such—as a
vacuym cl'eaner, a cooling/warmng air condi ti oner, T@gm&&jh§§é§§L[ nd so .
on, There is a strong demand from nanufacturers t ha 4 erla

I-ow cost and high in performance as well as the m nummlm “ﬂh
- conditions (e.g. the shape be small). Generally,

nmegteri'al or an heat -2 -

orptlon

conditions (e.g. the shape be small).

Generally, an acoustic aBsorption material or an heat
insulation matefial is so constructed that an inner |
iining is attmched to a structural body made of a non-

5 gas—-permeable material. The structural body has
functions to shield sounds and to form a part of a flow
passage for air. A filter unit is formed by assembling a
porous material in a frame of a non-gas—permeable
{_ material. The frame has a sealing effect so as not to
10 cause leakage of a f£luid from the'periphery of the porous
material in the filter unit. The porous material -and the
non-gas—-permeable material can be prepared separately and
then assembled. Or, the porous material is formed by
using a foaming material and then, a parE of the surface
15 of the porous material is processed to have non-gas-
permeability.

The above-mentioned porous structural unit and the
method of preparing of the unit are disclosed in, for
example, Japanese Unexamined Patent Publication

. 20 113172/1978 "vacuum cleaner", Japanese Examzned Patent
Publication 5213271983 "indoor unit of air conditioner®,
Japanese Unexaﬁgned Patent Publication 1045/1971 "multi-
cellular thermoplastic material, a complex consisting of
said material and a thermoplastic sheet layer, and a

25 method of preparlng the same and Japanese Unexamined
Patent Publication 19654/1973 "process for forming a

laminated soft outer layer".




insul gtion.ggaterial is so constructed that an rﬁﬁeF—LLnLng_L§_éLLached to a

struc{Ural Body made of a non- gas- per meabl e aI. The structural bodX(
has functions to shield Sounds and to form a par E%wﬁmmwaﬁge for

ai.r. Afilter unit is formed by assenbling a po iHIl n a frame B
a non-gas-perneable material. The franme has a s 0 as not to
cquse | eakage of a fluid fromthe perighg%y_of t he porous. erial in the
filter unit. The porous material and the hon-gas-perneable material can be

prepared separately and then assenbled. O, the porous material is forned
by - In the conventional method of preparing a porous

structural unit, there were problems that a combination
of the-porous layer and a layer (e.g. a non—-gas—-permeable
layer) having’ a higher specific gravity required much

. 5 cost; the.method of using a foaming métérial required
additional cost because a side surface had to be made
non-gas-permeable, and it was difficult to obtain a
complicated configuration.

Further, the conventional porous structural unit had

10 problems that since it had a simple shape wherein the
porous layer having a uniform specific gravity and a
layer (e.g. a non-gas—permeable layer) having a higher
specific gravity were combined, it was difficult to give
the optimum distribution of spécific gravity and give the

15 optimum shape in order to further increase the
performance, and it was difficult to obtain good sound
absorption characteristic and good heat insulation

(_ charaptéristic.
*éﬁe present invention is to eliminate the above-

20 menéioned problems. The first invéntion is to provide-‘a
method of preparing a porous structural unit wherein a
material includfng resin particles is used as a raw
material, and a 1ayer'(such as a non-gas-permeable layer)
having a higher specific gravity ahd a porous layer

25 having lower specific gravity are simultaneously formed
in one piece.

The first method of preparing a porous structural
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usin- ng—ﬁHrETT?W*?ﬂKTTﬂﬂﬂT' a part.of the surface of the porous
mat ert al i's prqgggﬁggmk@e q&Ei gn-gas- perneability. The above-nentioned ﬂ(

por ous structura met hod of preparing of the unit are
di'scl osed in, fo anese Unexam ned Patent Publication >

113172/ 1978 "vac Japanese Exam ned Patent Publication -
52132/ 1983 "indoor un|t of air conditiengr=, Japanese Unexam ned Pat ent
PUbl i cation 1045/1971 "multi- cellular thernDpIastlc material, a conpl ex

consi sting of, sal 4 M eiY @l {AIPPIALAE1HORL LAXELecaPaBa by

comprising a step of putting a material including resin
particles into a space formed by first and second molds,
a step of progucing a temperature difference between the
5 first and.second molds,,a step of pressing the material

with the molds, and a step of heating at least one of the
molds to a temperature sufficient to soften the resin
particles in the material, whereby a layer having a
higher specific gravity produced at the high temperature

10 side of the molds and a porous layer having a lower
specific gravity produced at thé low temperature side are
formed in one piece. Accordingly, the material at the
high temperature side is molten or softened by heat at
the high temperature side of the mold and a pressure

15 between the first and second molds ss that a layer having
a higher specific gravity (e.g. a fusion layer) is
formed, and on the other and, at the low temperature
side, the resin particles are molten or bonded to.each

k)

othe: 1n a seml—fluld state so that a porous layer having

L e
R ‘

20 a lggér spe01f1c gravity is formed. At the same time,
the both layers are melt-bqnded'or attached to each other
in one piece. “fhus, the above—ﬁentioned porous
structural uynit is formed. |

In the second method of preﬁaring a porous structural

25 unit according to the first invention, the material

including resin particles which is the same material as

used in the first method is heated and then, is pressed
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net ho

cabt ;

of-pueparlng the same" and Japanese Unexam-ned-PatentPubl.ication
19654/ 1973 "process for formng a | ani nat ed soft. outer Iayer In the

conventi onal
probl ens that a conbination of the porous |ayer

non- gas- per neabl e | ayer) having a hi gher specifi

met hod of pfeparing a porous stru

i T .

the. method of using a foam ng materg al required

10

15

20

25

or is subjected to a shearing stress, whereby the
material at the high temperature side is deformed at its
surface portion by compression and the fusion is
accelerated teo thereby increase the specific gravity.

The second invention is to provide'a porous
structural unit with a porous layer in which there are
portions having different specific gravities, whereby
acoustic absorption characteristic and heat insulation
characteristic can be increased, and it is possible to
use the unit in a wide range.

In accordance with the porous'structural unit of the
second invention, it has a porous layer in which the
specific gravity is continuously changed in the direction
of the thickness of the layer or of the surface of the '
layer. Accordingly, the acoustic absorption
characteristic can be increased and the heat insulation
characteristic with respéct to radiagion and heat -
conduction can be increased. |

' Ih'érawingsz

Figures 1 and 2 are respectively cross—sectional

" views of porous structural units prepared by the method

of the first ig;ention;

Figure 3 is a longitudinal cross-sectional view of an
important portion of a vacuum cleaner in which the porous

structural unit as shown in Pigure 1 is used as a sound

absorption material;

Figure 4 is a cross—sectional view of a metal mold
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addi tsjonal= gp a sidé surface had to be nmade non-gas- perneabl e,
and it was difficult to obtain a conplicated.configuration. Further, the

copventi onal meﬁlasBmmﬂiceanit had problens that since it had a si rrBL(g

shape. wherein t having a uniformspeeific gravity and a Y
e layer) having a higher specific gravity

vve%[e conbi ned, it Wa;mgyuwgﬂt to give ghe optimum distribution of

| ayer (e.g. an
specific gravity and give the opti num shape in order to further increase

the performangs. aahiinde dHd héthdat 2c88E81Rg9L8YLROVPY st

invention;

Figure 5 is a side view partly cross-sectioned of the
porous structural unit prepared by using the mold shown
§ in Figure.4; :
FPigure 6 is a cross—sectional view of a metal mold
used for another method according to the first invention;
Figure 7 is a cross—sectional view of a metal mold
o for explaining a method of preparing a porous structural
10 unit containing iron particles according to the first
invention;

Figures 8 and 9 are respectively longiﬁudinal cross-—
sectional views of a metal mold and a core metal mold
used for . another embodiment of the method of the first

15 inveﬁtion; : .

Figufe 10 is a diégram'showing a relation of porosity-
to the thickness of the porous structural unit of an
embodiment acgording té the second invention;

;%igure li is a diagram showin§ characteristic curves
20 of éﬁé'vértical incidence sound absorption coefficient of
the pdroué'structural-units.having porosity curves shown

in Figure 10; #

Figure 12 is a cross-sectional view of a construction

for measuring the vertical incidence sound absorption

25 coefficient;

Figure 13 is a diagram showing a relation of porosity

to the thickness of the porous structural units prepared




absong}ion;gbaracteristic and good heat i nsul ati-en—characteristic. US
patent” 'no. 4 591 496 discl.,oses a structural unit, ﬁide fron1po|yurethane-foa§%'

hayi hg wuni formal 'y di spoSed therewith solid mat?¢ t 478 HersReplapg@t her wi t h, 0

new pol yuret hane foam This structural unit is r ( I has. cl osed™ ~%.-
cells. It may have a varying density gradient i: ' ! of the

thi ck- ness, this change in the density @gradient being achieved by adni xi ng
| arger amounts of solid naterial to those regions of the unit, which are to
have a greateg, sphgi hbtnd8NdlE! ¥neOandtR¥! ¥hbodiment of the second

invention;

Figure 14 is a diagram showing characteristic curves

of the vertical incidence sound absorption coefficient of
5 the porous structural units having pordsity curves shown -
in Figure 13;

Figure 15 is a di#gram showing a relation of porosity
to the thickness of the porous structural units prepared
by the method of another embodiment of the second

10 invention;

Figure 16 is a diagram showing characteristic curves
of the vertical incidence sound absorption coefficient of
the porous structural units having the porosity curves
shown in Figure 15;

15 Figure 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient when the
shape of the granular material constituting the borous
layer of porous structural units;

‘Figure 18 is a diagram showing a relation of sound

20 abséfption coefficient to the diameter of the granular
material;

Figure 19 s a side view partly cross—sectioned of a
porous strqgtﬁral'unit having a layered structure
according to the second invention{

25 Figure 20 is a diagrém showing a relation of pérosity
to the thickness of the porous sérugtural units prepared

by the method according to the first invention;
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JP-A-§0, 0464134 discloses a porous structural unit provided with a skin
| ayer: -'4- 1t is the object of the present |nvent|on to eI|n1nate the

abave- mentioned problems” This object is acconpft
structural unit according to claim1l. A first ne ng a porou?"‘&&»
st ruct ur al

Figure 21 is a diagram for comparing_the vertical

incidence sound absorption coefficient of the porous
structural unit having the porosity curve shown in Figure
20 with that 9f a conventional porous structural unit;
5 Figure 22 is a diagram showing a felation of the
vertical incidence sound absorption coefficient of the
- porous structural units prepared by the method of the
present invention to frequency;.
;o Figure 23 is a diagram showing the porosity of a
10 porous structural unit having a skin layer according to
the present invention;

Figure 24 is a diagram showing chafacteristic curve
of the vertical incidence sound.absorption coefficient of
the porous structural unit with the skin layer having the -

15 porosity curve shown in Figure 23;
Figure 25 is a diagram in a form of acoustic model of
a porous structural uﬁit to illustrate the effect of the
£, ' skin 1a2er; '
| }?Figu:e 26:through 2% are respectively diagrams
20 shswing\poréus structural units having layered structu;és
according to the second invenﬁion;.

Figure 29 i% a di#g:am showing a device for measuring
sound shielding characteristic; and

Figure 30 is a diagram showing the sound shielding

25 characteristic curves of two-porous structural units
according to the second invention.
{ Example of the porous structural unit of the second

S
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I nvention_ conprises a step of putting a

mat er i i'ncl udi ng penReplaced j hy o g space formed by first.and second
nmol.ds, -a step of prg _H erature difference between the first .gf
and. second nol ds, ing the material with the nolds, and a **“g.-
step of heating at |east one of the nolds to a tenperature sufficient to
soften the resin particles in the nateriaB, -whereby a | ayer having a

- 5- MQQL aeqprdinqht_ g_

invention]

An embodiment of the porous structural unit according
to the second invention will be described.
Figures ], and 2 are respectively diagrams in a form
5 of model which show cross-sectioned views taken in the
direction of the thickness of the porous structural unit
according to an embodiment of the second'iﬁvention. In
Figures 1 and 2, a reference numeral 2 designates a layer
s having a higher specific gravity, such as a fusion layer
10 which may be gas-permeab;e or non-gas-permeable, a
numeral 3 designates a porous layer having a lower
speéific gravity which is general;y. gas—-permeable.
The porous layer is so formed that the porosity is
continuously changed in the direction of the'thiqknéss.
15 A numeral 4 designates a skin layer having a spécifié
gravity between those of the layers 2 and 3. The skin
layer is a fusion layer habing a thickness of, for
instance, 100 pm or less. In the porous structural unit
1,_§h§-fusion layer 2 and the porous layer 3 are
20 infézfally formed. Similarly, the fusion layer 2, the
porous layer 3 and the skin layer 4 are ihtegraliy

formed. #
When the porous structural qnit 1 is used as a sound
absorption material, the pprous'layer 3 is opposed to the
25 side of a source of noise whereby the energy of sound is
absorbed and attenuated and sonic waves are prevented

from passing through the fusion layer 2.
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hi ghe@.spee#fic gravity produced at the high tenperature-—side—of—the nolds
and a porous |ayer having a lower specific gravidyproduced at the | ow
tenperature side are for"grred i n one piece. Accordﬂﬁ.ﬁg?ﬂij qu al at tbﬁf

high tenperature side is nolten or softened by h
side of the nold and a-pressure between . the first
a.layer having a higher specific gravit}

‘t enper at Tr &"s#e-
_ | ds so that
(e.g. a fusion layer) is forned,

and on the other and, at the |ow tenperature side, the resin particles are
mol t en or bonded Rigweeh3 oisiea crossssectidnall vwieveofoanhamparpansus | ayer

havi ng

10

15

20

25

part which shows the porous structural unit 1 is used as

" a sound absorption material for a vacuum cleaner. In

Figure 3, a rFference numeral 5 designates an outer frame
and a numeral 6 is a blower motor as a source of noise.
The porous structural unit 1 as a sound absorption
material is formed to surround the air discharge side of
the blower motor 6 wherein the porous layer 3 faces the
blower motor 6 and the fusion layer 2 faces the outside.
In Figure 3, arrow marks indicate flows of air stream in
the actuation of the vacuum cleaner. With the above-
mentioned constructioq, noises produced from the blower

motor 6 can be absorbed and interrupted by the porous

" structural unit 1 as a sound absorption material.

{ Method of prepéring theuporqus structural unit of the
Eirst invention]

A method of prepéring a porous structural unit in
which the gravity is continuously changed in the
dirgction of'ihe thickness of the layer or the surface of

the-layer, and the characteristics of the porous

. structural unit will be described.

Figure 4 igr a cross—-sectional view of a metal mold
which is uséd for preparing the porous structural unit as
shown in Figure 3. 1In Figure 4, a reference numeral 7
designates a recessed metal mold half made of a material
having good heat conduction such as aluminum. A numeral

8 designates a projecting metal mold half which is also

THIS SHEET HAS BEEN
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a Iowgr spcui.%e glaViLy irs—forned. At the sane tine, the both |ayers are

nmel t --bonded .£Ch other in one piece. Thus, the

above- nent i ctural unit is forned. In a second net hod ofﬂw
preparing a p unit according to the.- i nvention, t &~
material incl rtlcles which is the sane material as used I n

the first method is heated and then, is yryessed

méde of aluminum. Numeral 9, 10 designate heaters for
elevating temperature for each of the metal mold halves
wherein the recessed metal mold half 7 is heated at a
higher Eemperature than the projecting metal mold half 8.

5 [EXAMPLE 1-1 of the method of preparing a porous
structural unit]

Description will be made as to forming the porous
structural unit by using a granular material of
f_ thermoplastic resin.

10 The temperature of a wall Qortion 11 of the recessed
metal mold half 7 is set at a temperature higher than
that softeeing the granular material as a raw material
put in a closed space 12 formed by the recessed metal
mold half 7 and the projecting metal mold half 8 but

15 lower than the temperature causing thermal decomposition,
usually at a temperature in a range of 150 - 240°C. The
temperature of a wall portion 13 in the projecting metal

i , mold half 8 is set at-é.temperaturé lower than the
_temperature of the wall portion 11 of the recessed metal

20 mold half 7. for 1nstance at or near a temperature
softening the granular material as the raw material,
usually at. 70 -‘3;80°C. . Then, a granular material (of a

-diameter of.-about 0.2 - 3 mm) of a thermoplastic resin
such as ABS resin facrylonitrile-butadiene-sEyrene resin

25 having a softening temperafﬂre of 80 - 90°C) is put into °
the space between the metal mold halves 7, and then the

metal mold halves are closed while applying a pressure

] I THIS SHEGT HAS BEEN
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or isubjested to a sheari ng tress, wher'eby the material at the high
tenperature si deThisS 2"t s surface portion by conpression and the‘,
fusion is accel ere‘m |L i ncrease the specific gravity. Accordi ng!(

to t he i nventi absorption characteristic and heat g -

i nsul ation characteristic can be !ncreQSﬁg,_and it is possible to use the
unit in a wide range. In the drawings, Frgures 1 and 2 are respectively
cross-sectional views of porous structural units according to the
invention; Figndeh&atsia hppdiieddifical sevesslsdmnormdcandw ofseveral
hours. The heating is carried out at the set temperature
for the metal mold halves 7, 8 and a pressure is applied
at 1 kg/cm? T.Several tons/cm? while applying heat,

S The granular material in contact with the wall
portion 11 heated at a higher temperature of the recessed
metal mold half 7 is molten so that a layer having a
higher specific gravity, i.e. a fusion layer 2 is finally
produced. The change of granular material from a gas-

10 permeable state to non-gas-permeable state depends on
degree of fusion. Since the temperature of the wall
portion 13 of the projecting metal mold half 8 is lower
than that of the wall portion 11, the granular material
filled in the portion from the wall portion 13 to the

15 fusion layer 2 does not become the complete fluid state.
However, particles of the granular material are melt-
bonded at their contacting portions, and finally, a
porous layer 3 melt-bﬁnded t6 the fusion layer 2 is
produced. Aiéhough the porous layer 3 is normally gas-

20 permeable, it becomes a non—éas-pgrmeable state by mixing
a material such as a binder.

Thus, the Jayer héving a higher specific gravity and
the porousﬁlayer having a lower specific gravity can be .
simultaneously and integrally produced.

25 According to experiments; it was found that a desired
temperature‘difference was 10°C or higher in order to

obtain the complete melting state or a semi-fluid state

THIS SHEET HAS BEEN
REPLACED




| nporteant paertion of a vacuum cleaner in which -the—pereus—structural unit

as shlrown in Figure 1 is ysed as a sound absorptl naterlal Flgure 4is a
cross-sectional view of a netal nold - 7 Replasedret hod de'
producing the porous unit, Figure 5is a S|de V|eﬂ sectloned*“%ﬂV
of .t he porous structural unlt prepared by u5|ng t n Fi gure 4,

under the condition that the temperature of the wall
pértion 11 of the recessed metal mold half 7 and the
temperature of wall portion 13 of the projecting metal
mold half 8 age set to be constant.

5 When the temperature of the wall portion 1l of the
recessed metal mold 7 is 150°C or lower, it is difficult.
to obtain the fusing state of the granular material, and
on the other hand, when it.is 240°C or higher, the
melting state is too excessive whereby it is difficult to

10 obtain a multi-layered structure. When the temperature
of the wail portion 13 of the recessed metal mold half 8
is 70°C or lower, a melt-bonding state of the particles
at their contacting portions does not occur and it is
difficult to melt-bond to each other. When it is 180°C

15 or higher, the melting stﬁte'qf the granular material
goes too far and it is difficult to form a porous layer.

When the diameter of the granular material, i.e.
resin particles is 0.2 mm or less, the borosity is too
sma;iisb’that the function of the porous structural unit,

20 e.é&gécoustic absorption characteristic, heat insulation
characteristic and so on is- reduced. When the.diameter
is 3 mm or more’ the acoustic absorption characteristic
is reduced although the heat insulating characteristic
can be improved. ‘

25 When a presshre applied by the metal mold is 1 kg per
cm? or less, melt-bonding of the granular material

becomes unstable. On the other hand, the pressure is

" oot
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. . _______________—————'—'_"'——_—-__——
Figures6 is«e cross-sectional view of a nmetal nold used for another method
for producing the porous wunit; Figure 7 is a cnﬁESMQH@$qu§kﬂ¥* w of a o«

metal nold used for explﬁjnlng a nmethod of prep structural_“.
uni t containing iron particles; Figures 8 and 9:%‘ g
| ongi tudi nal cross- sectional views of a netal an a core netal nol d

used for another embodi nent of the methodd4for producing the porous unit;

Figure 10 is a diagram showing a relation of porosity to the thickness of

the porous stgdghrspl e fem? S RIPEYI TBNLsAGERE deffe L ot kEepnVENt i ON;
accuracy in controlling temperature, and processability
is reduced.
When the granular material is heated by the metal
5 mold fof several tens seconds or less, the melt~bonding
state becomes insufficient. On the other hand, when the
heating time reaches several hours, the melting state
goes too far and the bouﬁdary between the fusion layer
(";- and the porous layer becomes unclear to thereby
10 deteriorate the characteristics.
The thickness and the degree of gas-permeability (in
a range from gas—-permeability to non—gas—permeability) of
the fusion layer to be formed are changed by changing a
heating éemperhture and a heating time. Accordingli, a
1s desired characteristic can be obtained by selecting the
conditions in order to obtain a desired porous structural
unit,
- : IEXAMPLE 1-2 gf the method of preparing a porous
structural uﬁit]
20 Ein the above-mentioned Example 1-1, the temperature
of the wall portion 11 of the recessed metal mold.halﬁ 7
was set to 150%C, and the temperature of the wall portion
13 of the projecting metal mold half 8 was set to 100°C.
As an ABS resin, sphefical partiéles having a.diameter of
25 1 mm which is a granular material of thermoplastic resin
having a softening temperature of 86°C (GTR-40 (grade)
- manufactured by Denki Kagaku Kabushiki Kaisha)) were put

[ i b : e e
THIS SHEET HAS BEEN |
- REPLACED ____




Fi guriewll i @ a di agram showi ng characteristic curves of the vertical
i nci dence sound abmsrspéet B Be@alechidelient of the porous structural units .

hayi ng porosity cur [ilp [l oure 10; Figure 12 is a cross-sectional &
view of a constructUMlﬂmuwlmi ng the vertical inmtidence sound e
absor ption coeffici , Is a diagram showi ng a rel ation of

porosity to the thickness of the porous $8ractural units prepared by the

met hod of the another enbodi nent of the

in the metal mold, and then the metal mold halves 7, 8

were closed. The distance between the wall surfaces 11,
13 was 10 mm. After the metal mold was heated for 20
minutes, the metal mold halves 7, 8 were opened. A

5 pressure applied to the metal mold while heating was 100
kg/cm?. Thus obtained porous structural unit 1 is shown
in Figure 5. The thickness of the porous structural unit
1 was 10 mm; the thickness of the fusion layer 2 was
about 1 mm, and the thickness of the porous layer 3 was

10 about 9 mm. |
[EXAMPLE 1-3 6f the method of preparing a porous
structural unit]

In the above-mentioned Example 1-1, the temperature
of the wall portion 11 of the recessed metal mold half 7

.15 was set to 180°C, and the temperature'of the wall portion
13 of the projecting metal mold half 8 was set to 130°C.
As an ABS resin, spherical particles having a diameter of
1 mm which is a granulaf.material of thermoplastic resin
having a softening temperature of 86°C (GTR-40 (grade)

20 manufactured by Denki Kagaku Kabushiki Kaisha)) were put.
in the metal mold, and the'metal'moid'halves 7, 8 were
closed. The d{stance-between_the wall surfaces 11, 13
was 10 ﬁm.f In this étate, the metal mold halves 7, 8
were ogenéd after 15 minutes have passed. A pressure

25 applied to the metal mold under the condition of heating
was 100 kg/cm?. The thicknesé of thus formed porous
structural unit 1 was 10 mm, the thickness'of the fusion
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i nvep#ion; ‘Figure 14 |s a dlagran1shomnng characteristic curves of the °

verti cal |n@hﬂ$n®éh &or ption coefficient of the porous structural (f
units haV|ng Eu s shown in Figure 13; Figure 15 is a diagram

showi ng a reI ity to the thickness of the porous st ruct ur al ** .-
units prepare e met hod of anot her ﬁ$bod|nent of the invention; Figure
16 is a dlagran1shomﬁng characteristic cufves of the vertical |nC|dence

sound absorption coefficient of
layer 2 was about 1 mm and the thickness of the porous

layer 3 was about 9 mm. In comparing the porous
structural unit of the Example 1-2, it was found that the
fusion of the, surface of the porous layer 3 is partly
5 accelerated and a skin layer of about 30 pm was formed.
As the granular material of thermoplastic resin, PP
(polypropylene), AS (acryl styrol), stfrol and so on may
be used. As a binder to be mixed with the granular

material of thermoplastic resin, methyl-ethyl-ketone

o~
[]
H

10 (MEK), cellulose, varnish, acetone may be used. The
bonding strength of the granula} material of the porous
structural unit is increased and the mechanical strength
is increased by spraying or mixing the above-mentioned
binder to the granular material. In.the above-mentioned.

15 Examples 1-1, 1-2 and 1-3, the raw material was put uﬁder.
the condition that the temperatures of the wall portions .
11, 13 of the high temperature and low temperature metal
mold halvés 7, 8 were maintained constant. However,
there:may be used for such a method that a raw material

20 is §h£ in the metal mold having the room temperature and '
the temperature of metal mold is increased to a
predetermined meperaéﬁre during which a mpld—sﬁaped
product is removed. In such method, a porous structural
unit havingfthe same quality can be'obtained;

25 Experiments reveﬁléd that the temperature difference
between the high temperature and low temperature metal

mold halves could be smgll, for instance 2°C. Of course,
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t he g@ﬁoug ® ructural units having the porosity curves shown in Figure 15;
Figure 17 is a diagramshowing fluctuation in the mershiccals elileienge sound,

absorption coefficient when the shape of the granul |
t he porous -l ayer of porous structural units; Fi gureﬂwuﬂmmmi
a relation of sound absorption coefficie L Lo the d

Figure 19 is a side view partly“cross-sectioned of a porous

unit having a | ayered structure

mat eri al ;

struct ural

10

15

20

25

the temperature difference varied depending on
conditions, e.g., a material to be used, the size and the
shape of the material, a rate of raising temperature in
the metal mold halves, a pressure applied to the metal

mold halves and so on.

In order to fofm-a temperature difference between the
wall portion 11 of the recessed metal mold half 7 and the
wall portion 13 of the projecting metal ﬁold half 8, the
wall portion 13 of the projecting metal mold half 8 may
be formed of a material 14 which is a low heat conductive
material such as PBT (polybutyiene terephthaiate):resin,
FRP (fiber reinforced plastics) or the like as shown -in

Figure 6. The size of the metal mold halves 7, 8 can be

different although the material is the same. In short,

it is sufficient that a predetermined temperature

difference can be temporarily or constantly given to the
metal mold halves 7, 8 by selecting'suitably the heat
capacity of the mold halves and the calorie of the |
heaters which depend on the kind and ﬁhe size of the
maﬁérial used.

[EXAMPLE 2-1 of the method of preparing a pordus

structural unitj

A case qf'forming the porous structural unit by using
the_gfanula; matérial of thermoplastic resin will be
described. 1In the séme manner as the Example 1-1, the
temperature of wall portion 11 of the fgcessed.metal mold

half 7 was set to a température higher than that for
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IHEﬂan1sho
gr anul ar

ng -




accor#fing 19 the i nvention; Figure 20 I1s a diagram showi ng a
relation of porosity to Lhe t hi ckness of the pnmﬂmana&nuei ﬁ&ﬂunlts *

according to the T nventi on; Flgure_21 conparin
the vertical incidence sound absorption coeffic ﬂl ous ME -2
structural unit having the porosity curyg shown th that of a

conventional porous structural unit;

softening the granular material but lower than the
thermal decomposition temperature. The temperature of
the wall portion 13 of the projecting metal mold half 8
was around a temperature at which the granular material
5 is softened and which is lower than the temperature of
‘the wall portion 11 of the recessed metal mold half 7.
‘Then, particles having a diameter of about 0.2 - 3 mm as
a granular material of thermosetting resin such as
phenol, PBT (polybutylene terephthalate), PET
10 (polyethylene terephethalate) or the like were put in the
metal mold halves 7, 8 together with a binder such as .
cellulose, varnish and various adhesives in a mixed
state. The metal.mold”halves 7. 8 were cloeed while
applying a pressure, ‘and were heated for several minutes
15 - several hours. Heating operations were carried out at
the above-mentioned set temperature for the metal mold
halves 7, 8, and a pressure applied thereto was 1 kg /cm? fo
several tons/cm2 under the condition of heating.
Then, the granular material in contact with the wall
20 portlon 11 heated at a higher temperature of the recessed
‘ metal mold half 7 was softened and was melt-bonded to
each other by tpe binder so that it became a layer having
a higher specific gravity. The layer changes from a gas-—
permeable seate to a non-gas-permeable state depending en
25 a degree of the softening of -the granular material.
Since the temperature of the wall portion 13 of the

projecting metal mold half 8 is lower than that of the

rosssatn g
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Fi gusen.22°i g a “di agr am showimg—a—tel ati on of the vertical incidence sound

absor ption coeffilhissny‘etmg];gggq{%&pus structural units e

of the present in uency; Figure 23 is a diagramshow ng thef
porosity of a por mﬂ} HH?unit havi ng a skin |‘ayer according to t hE i
I'nventi on; a di agram showi ng characteristic curve of

pr esent
the vertical incidence sound absorption ggefficient of the porous

structural unit with the skin | ayer having the porosity curve shown in
Fi 23; : : :
lgure 23; wall portion 11, the granular material filled in the area

from the wall portion 13 to the higher specific gravity
layer 12 does not become the complete fluid state.
However, the particles are bonded to each other by the
5 binder at.their cdntacting portions and finally, the
porous layer 3 bonded to the higher specific gravity
layer 2 is formed in one piece. Although the porous
layef 3 is normally gas—permeable, it exhibits non-gas-
permeability when an amount of the binder mixed is much.
10 [EXAMPLE 2-2 of the method of preparing a porous
structural unit]
In the above-mentioned Example.z-l, the temperature
of the wall portion 11 of the recessed metal mold half 7
was set at 200°C, and the temperature of the wall portion
15 13 of the projecting metal mold half 8 was set at 150°C.
As a thermosetting resin, pafticles havidg a diameter of
1l mm of phenol resin (having a softening temperature of
190°C, MW-752 {grade) manufactured by Meiwé Kasei -
Kabﬁ;ﬁiéi Kéisha) were put in the mold together with 15
. 20 wt%}ai powdef cellulose as a binder. Then, the metal mola
halves 7, 8 were closed. The distance between the wall
surfaces 11, 1¥ was io mm. In this state, the heating
operations were maintained for 25 minutes, and then the
metal mold halves 7, 8 were opened. A pressure applied
25 to the metal mold halves unéer the condition of heating
was 150 kg/cm?. The thickness of the borous layer thus

formed was 10 mm, the thickness of the layer having a
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Fi guné:.25 % s 4
unit to il lus

f%gﬂm@gﬁﬁyg&ﬁmm@h&mnn1of acoustic nodel of a porous structural
: !

_ of the skin layer; Figure 26 through 28 are
respectivel y: djmﬂﬁ “H ' porous structural units having |ayered
structures acc i nvention; Figure 29 is a diagram **%

showi ng a device for neasuring sound shielding characteristic; and Figure
3Q is a diagram show ng the sound shi etd2bg-characteristic curves of
t wo- porous structural units according to the i nventi on.

~~
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higher specific gravity was about 1 mm, and the thickness
of the porous layer 3 was about 9 mm. A éranular
material obtained by coating a thermosetting resin with a
thermoplastia resin may bé used.

{EXAMPLE 3-1 of the method of preparing a porous
structural unit)

A case that the porous étructu:al unit is formed by
using a material including particles other than the
above-mentioned resin particles will be described.

Figure 7 is a cross—-sectional view of meﬁal mold
halves 7, 8 in a closed state wherein a material
including two kinds of particles are filled in the space
12 formed by the metal mold halves.

First, iron particles 15 having a longer diameter of
about 0.2 mm was filled in the recessed metal mold half 7
so that the thickness of the iron particle layer is about
1 mm. Then, ABS resin particles 16 having a longer
diameter of about 1 mm (which is the same as that-used in
Examp;e l—Ziéf the metﬁod of preparing the porous
st?ﬁéturél unit). were filled so that the thickness of the
ABS resin layer is abéut 2 mm higher than the height (10
mm) of the clofed space 12. The projecting metal mold
half 8 (Figure 7 shows a f£lat metal mold half) was
assembled in a close-contact séate to the recessed metal
mold half 7, whereby the layers of the iron particles 15
and the ABS resin pérticles 16 are compressed to thereby
form a packed layer comprising different kind of
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- 101 AnfEHUUUIHBH[ of the porous structural unit according to the

I nvention w + RS &; dFigures 1 and 2 are respectively diagrans irlék

f orm of nDde ' ss-sectioned views taken in the direction of

t he thi ckness ll H\M‘“[:structural unit according to an enbodi nent of"&b*’sﬁ’r
the Figures 1.apg 2, a reference nuneral 2

designates a | ayer

particles in the closed space 12. Under the above-

mentioned conditions, the temperature of the recessed
metal mold half is raised to 86°C higher than a
temperature qpich causes softening the ABS resin
5 particleé, more specifically 150°C, and the temperature
of the projecting metal mold half is raised to 100°cC,
Then, the both metal mold halves were heated for about 20
minutes. Since the melting point of the iron particles |
15 is about 1,500°C, and the shape of the iron particles
10 is kept as they are. On the other hand, the wall portion
11 of the recessed metal mold half 7 is heated at a high
‘temperature, and therefore, the iron particles contacting
ﬁhereto are also heated at a high temperature.
Accordingly, the ABS resin particles 16 in contact with
15 the iron pérticle layer are molten and the molten ABS
res%n particles floy to surround the iron particles 15.
Thus formed porou§ structural unit had its thickness of
10 mm wherein the fusion layer 4 in which the iron
partiples 15 are mixed had its thickness of about 1 mm
20 andithe porous layer 3 had its thickness of about 9 mm.
The layers were iqtégrally formed to form a laminated
body. The spegific gravity of the fusion layer 2 is the
same as that of the ABS resin, i.e: 1.05 gr/cc when it
- does not céhfain the iron particles. However, when it
25 includes tﬂe iron particles the specific gréyity of only
the fusion layer was 44 gf/cc as a result of measuremént.

In case that the porous layer of the porous
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havi ng~a higher specific gravity, such as a fusion Iayer whi chh may be
gas- per neabl e or non- gas-perneabl e, a numeral 3 ObSiSEREMSBed FRPLRYS Iayer
having a | ower specific Qravity which is generally

ble. The ,,
M l%ﬂged in tfHE~ -
direction of the thickness. A nuneral 4 5|gnates having a

porous |ayer is so formed that the porosity is co

specific gravity between those of the Iayers 2 and 3. The skin layer is a
fusion layer having a thickness of, for instance, 100 kerr mor less. In
the porous ststuiakutalimait ishusedsasnal aQupdoahs@rpkdoporatisriayer 3 are

and the fusion layer is used as a sound insulation

material, the sound interruption characteristic of the
sound insulagéon material is increased as the specific

5 gravity is large. Accordingly, the porous structural
unit obtained in this Example has excellent sound
interruption characteristic. 1In the conventional method,
it was necessary to increase the thickness of the
material or to attach a metallic material such as an iron

10 Dplate in order_to increase the sound interruption
capability of a light materiai in specific gfavity such
as the ABS resin. 1In accordance with the method of the
present invention, however, the porous structural unit
w}th the fusion layer having a specific gravity further

15 higher than that of the porous layer by incorporating a
material having a high specific gravity at a portion to
be fused. -

Although the iron particles are used for particles to
be @@ggd wi;hithe fesin particles, the same effect can be

20 obtéﬁﬁed“by using particles of another metal, glass or a
material having a highef specific gravity.

Further, dgscription has been made as to improvement
of sound insulation characteristic. HBowever, in order to
obtain good:electromaghetic shielding effect or heat

25 'conducting effect, a material such as aluminum effective
to electromagnetic shielding may be incorporated.

Further, glass fibers may be incorporated in the resin

'ﬂﬂS°HEETHAbg,1«'
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hﬂtegraII9 f or ned. Slntlarly, the Tusion layer 2, the porous |layer 3 and

the skin-layer 4 dF S#enft BediRypifces ned. When the porous structural unit 1 &
is_used as a sound eri-al, the porous layer 3 is opposed to,ﬁ
r eby the energy of-“sound i s absorbed ant™ - <.
a

the side of a sour
attenuated and sonic maves event ed tj(yy passi ng through the fusion

| ayer -
particles in order to improve the strength of the fusion

layer and the porous layer.

In the above-mentioned Examples l-1 through 3-1, the

granular material is molded by the application of

5 pressure and heat wherein a temperature difference is
given to the first and second metal mold halves to
thereby produce the porous layer and the fusion layer or
the skin layer. However, it is possible to form a porous
structural unit having such layere even by pressing the

10 metal mold halves after the heating. This will be
described hereinbelow. '

At first, a small compression force (1 kg/cm? or
lower) is given to the metal mold halves whereby
particles are closely contacted. Then heat is applied-

- 15 thereto. .In this condition, it is difficult to form a
fusion layer or a skin layer even though tﬂere is a
temperature difference between the metal mold halves, and
only porous layer is produced. When the porous layer is
zcompressed under the condition of heatxng which is near a

20 ':Eemperature at the time of the completzon of moldlng, a .
deformation by compresszon or fus1on of a high’

- temperaturg portion of the porous layer is accelerated_;
whereby a non-gas-permeable layer or a high specific
- gravity-layer is formed in the porous layer. On the
25 other hand, a low temperature portion in the porous layer

becomes a low specific gravity layer in which a multi-

cellular layer is maintained. The granulaf material can
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shows t he pofhig $heet;
a vacuum
frame a

for
out er

Figure 3 is a cross-sectional view of an inportant part which

lgure 3, a reference nuneral 5 designates an
is a blower notor as a source of noise. The

porous structural unlt 1 as a sound absorption material is forned to

surround the air discharge side of the blower nmotor 6 wherein the porous
| ayer 3 faces the bl ower nmotor 6 and the fusion |ayer 2 faces the outside.

In Figure 3,

.
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ker mludemapeﬂdu@attéwf | SARE JRanRer sas ching | gbove-mentioned

by utilizing a shear stress force due to a rotating or
reciprocating movement of the metal mold other than the
application of pressure.
{EXAMPLE 4-1 of the method of preparing a porous
structural unit] '

Now, description will be made as to a case that a

porous structural unit of a cylindrical form is molded by

using a granular material of thermoplastic resin as a raw

material.

Figure 8 is a cross—sectional view of a metal .mold
for explaining a method of preparing the cylindrical
porous structural unit. A reference numeral 31 is a

cylindrical metal mold made of aluminum, and a numeral 32

'designates a core metal mold in a round rod shape of

aluminum. The later has two portions having different
diameters as shown in Figure 9. Numerals 33, 34
designate covers or plugs of aluminum which are.fﬁtted to
both.ends of the cylirndrical metal mold 31 and have
opeﬁ&ngs at their central portion to allow the core metal
mold 32 to pass therethrough. A closed space in which

resin particlesg 35 are filled is formed by the

- cylindrical metal mold 31, the core metal mold 32 and the

covers 33, 34. In the metal mold having the construction
described above, the core metal mold is insetted in the
cylindrical metal mold 31 so that the closed space is

formed at the small diameter portion of the core metal
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the agtuatien of the vacuumcleaner. Wth-the above=Tentioned———
construction, noises produced fromthe bl ower npt ed and
i nterrupted by the porous structural unit 1 as a ?%“Q %%m gt)cre'“?)naterlfsl
A tret hod of preparing a porous structural unit in. ﬂ ty is
continuously changed in the direction of the thlck er or the
surface of the layer, and the characteri $Pics of the porous structural uni t
will be descri bed. Figure 4 is a cross-sectional view of a netal nold which

is used for preparsng ti{ReR)r eHe tbieet W J4 W tredtoved, and the resin

."“ -

particles 35 are filled in the closed space defined by
the cylindrical metal mold 31, the cote metal mold 32 and
the cover A 33, and thereafter, the cover B 34 is fitted
5 to the cylindrical metal mold 31. Experiments by the
inventors of this application revealed that a compression
force to the resin particles 35 can not be uniformly
increased even by filling resin pafticleé 35 in volume
which is larger than the volume of the closed space and
10 by closing the cover B 34. Namely, although the resin
particles 35 near the cover B 34 receiQe'a compression
force by a bridging function of the paﬁticles when the
distance in the directioo of compression is long, the
compression force.can.not be transmitted to a portion far
15 from the cover B 34. In a case of the metal mold having
a substantial length as shown in Figure 8, the
compression force in_the axial direction is only 1 kg/cm?
or lower. Further, a distribution in compression.force
in tyé longitoéinal direction rapidly changes whereby it
20 is SEfficult to control the compression force.
Accordingly,.in this embodiment, the resin particles was
filled so that.the compression force at the time of
.closing theﬁcover B 34 is 1 kg/cm® or lower.
The inner diameter and the outer diameter of the
25 cylindrical metal mold were respectively 40 mm and 60 mm,
and the outer diameter portioos of the smaller and larger

diameter portions of the core metal mold were

N ()
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showg:i n *Fiure 3. In Figure 4, a reference nuneral 7 designates a

recessed netaITMDMGdﬁh ce. CE# a material having good heat -conduction

such. as alun1nu desi gnates a projecting netal nold half whi

is also nade Nurreral 9, 10 designate heaters for el evatT ngs#*-
tenperature for eac of the nmetal:"nol d hal ves wherein the recessed netal

mold half 7 is heated at a higher tenper ure than the projecting netal

mol d hal f 8. '
respectlvely 29 mm and 31 mm. The inner diameter of the

metal mold was 23 mm. The distance between the inner end
surfaces of the covers A, B was 200 mm. An ABS resin
particles ha%ing a diameter of 1.7 mm were f£illed in a
5 manner as.described before, and the metal mold was heated

for about 1 hour in an electric furnace having an
atmospheric temperature of 220°C. The heat capacity of
the core metal mold was determined to be smaller than
that of the cylindtical metal mold, and the resin

10 particles near the core metal mold were heated at a
temperature higher than that near tﬁe cylindrical metal
mold. After a porous layer of the resin particles was
formed by heating, the metal mold was removed from the
electric furnace, and the core metal mold was drawn in

15 the direction of arrow mark as shown in Figure 8 before
the temperature of the metal mold decreased. It was
found that during the drawing of the core metal mold, the
porous layer was compressed in its radial direction due
to the expansxon of the diameter of the core metal mold,

20 whefeby the porous layer in contact with or near the pore
metal mold heated at a high temperature was formed to
have a high speeific gravity, and a porous structural
unit having;a_distribution of specific gravitygcganging
in the direction of the thickness could be obtained in

25 the same manner as the above-mentioned Examples 1-1
through 3-1. It was further found that a shear stress

was applied to the surface portion of the porous layer
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[ EXAMRLE «1-# of the nethod of preparing a-‘porous—structurat—uniti—
Description will be made_as to forming the por ousyatd Ue Wl hkdby u5|n

a granul ar material of fhernDpIastlc resin. The te
portion 11 of the recessed netal nold half 7 is sg”ﬁllﬂ H m}ure hug”‘ﬁ’?w*'
than that softening the granul ar naterlal as ara n a cl osed
space 12 fgrned by the recessed netal fold Talf 7 and the projecting netal
nold half 8 but |lower than the tenperature causing thernmal deconposition,
owing to a frictional force produced between the core
metal mold and the porous layer by causing a reciprocal
movement of the core metal mold in the longitudinal
direction ang as a result, the porous structural unit
5 having its surface with a high specific'gravity could be
obtained.
It is clear that a distribution of specific gravity
can be formed in the axial direction by using a core
metal mold having a tapered diameter.
10 In the above-mentioned Examples 1-1 through 4-1,
resin particles having a tubular form, a cylindrical
form, a cubic form or other desired shape may be used_
other than the resin particles having a spherical form.
?hermoplastic resin particles with needle projections are
15 preferably used as a'granular_material because the needle
projections afe easily molten. In order to reduce the
weight of the porous structural unit, a hollow granular
material or a foamed granular material may be used as a
raw materlal. ?urtﬁer, short fibers may be incorporated
20 as a re1nforc1ng material, or a thread-like thermoplastic
resin méterial may be incorporated as a binder to the
resin particless |
In order to chénge the specific gravity of the porous
layer in thé porous.structural unit in the direction of
25 the surface of the porous layer, the temperature of the

metal mold at the low temperature side should be changed

in the above-mentioned direction of layer surface. The

p—.
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usuahly, at. @ tenperature in arange of 150 - 240[err]C. The tenperature of
wal I portion 1HhisSheat H@E}SFI bﬁeﬂng metal nmold half 8 is set at a d’(

t enperature Iomer rature of the wall portlon 11 of the "

recessed nmet al |nstance at or near-a tenperature softenlnq
he granul ar naterla as the raM/naterlaI usually at 70 = 180[err]C.

Then a granul ar material (of a diameter %f“ about 0.2 - 3 nm of a

thernopl astic resin such as ABS resin (acrylonitrile-butadiene-styrene

resin haV'ngé%éﬁﬁﬁﬁ@'?ﬂa#ﬁﬁ?eéﬁtuﬁé pbr89on 86[ ene] phrbispUhyénto the

space between the net nol d” hal ves 7, and then the

facing a higher temperature portion of the low

temperature side metal mold becomes large, and the
specific gravity of the portion facing a lower
s temperature portion of the metal mold becomes small.

Since the above-mentioned method provides a molded porous
structural unit having a one—piece structure, a porous |
structural unit having a complicated shape can be easily
obtained by using a metal mold having the shape

10 corresponding to the porous structural unit.
(Effect of the first inventionf

In accordance with the method of preparing the porous

structural unit of the first inventien which comprises a
‘step of putting a material including resin particles ;n a

15 space formed by first and second metal mold halves, a
step of imparting a temperature difference between the
first and second metal mold halves, a step of pressing
the_materiel with the metal mold halves and a step of
heeﬁ&hﬁ at le;st one ofithe metal mold halves at a

20 teﬁ?ﬁéafute sufficient to softening the resin perticlee,
a leyer having a higher specific gravity at the high
temperature sid® of tﬁe metal mold halves and a porous
layer having a iower_specific gravity at the low
teﬁperature side can be simultaneously and integially

25 mold-shaped. Accordingly, a-porous structural unit
having portions whose specific gravities are different

and having a complicated shape can be obtained with a low
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netab.nnld'balves are closed while applying a pressure - 13 - and heat

is applied for several tens seconds - several e heating is carri
out at the set tenperatdre for the nmetal nold halves 7, 8 and a pressure.; S,
w/‘

applied at 1 kg/cnferr] - several tons/cnferr] whi RepRied The
granul ar material in contact with the wall portlon Hs 71'”"’ hi gher

tenperature of the recessed ~ 29 -

cost.

Further, in accordance with the invention, the
specific gravity of the surface portion of the material
at the high temperature side can be easily increased by

5 the application of a compression force or a shearing
stress to the material including the resin particles
while or after they are heated. |

The porous structural unit thué formed can be used in
various ways. For instance, the layer having a higher

10 specific gravity can bé used as a structural body such as
an outer frame for a machine. It reduces the number of
structural elements, the number of assembling steps and
so on. The porous structural unit of the present
invention has high utility. For instance, it is

15 pfeferably used for an acoustic absorption material, a
heat insulation material, a sliding bearing, a filter
unit and so on. |

In accordance with the present ihvention, since the

flrst .and second metal mold halves have different heat

\.ﬂ-
=" >

20 capapzties, a temperature difference between the both
mold halves can be'éffectiVely produced.

. Further, infaccordance with the present invention,
the bonding force betweeh resin particles in a granular
material can be strengthened by inéorpofating a binder in

25 the material including the resin particles, whereby the

mechanical strength of the porous structural unit can be

. improved.
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met ab 0l aal f 'iéﬁme ten ﬁoh; at a layer having a higher specific

gravity, i.e. a - oy finally produced. The change of granulakF

material froma g%ﬂlﬂﬁﬂ | tate to non- gas- perneabl e state dependgy.

on degree of fusi

projecting netal nold half 8 is lower than that of the wall portion 11, the

granular material filled in the porti6h3pr6h1the wal | portion 13 to the

fusion layer 2 does not become the conplete fluid state. However, particles

]9!‘ tlhle granul ar net goamédageanelar moteeia Rtot hei holbowagtanglaertions, and
inally, a

material can be used as a raw material, whereby the
weight of the porous structural unit can be reduced.
Further,~by changing the specific gravity of the
5 porous layer in the direction of the thickness or the
surface of the porous layer, the characteristics, i.e.
the acoustic absorption characteristic of the porous
structural unit can be further improved.
- [ characteristics of the porous layer of the second
10 invention] _

Various characteristics and applications of the
porous layer in a porous.structural unit wherein the
specific gravity of the porous layer is éontinuously
changed-in the direction of the thickness or the surface

15 of the porous layer will be described.
(i) Acoustic absorption characteristic

Figure 10 is a diagram showing_a distr;bution'of
- porosity (specific gravityf of each of the porous..

structural uﬁits in the direction of the thickness of the

20 pbiéﬁs'structural unit {which are substantially
constituted by'porous iayer) which have a thickness of 10
mm formed in agrordance with the Example 1l-1.

In Figq;e 10, curved lines A and C show that each of
the porosity is substantially uniform in the direction of

25 the thickness, and that respectively have a pdrosity of
about 25% and a porosity of about 10%. A curved line B

shows that the porosity is distributed in the direction
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por owet’| ayer™ 3 nel t-bonded to the fusion i(ayer. 275 produced. Al though the
3 is normal I,y gas- perneable, it becmm,eaagme,gm@,h&gr nmeabl e(?(—

porous | ayer
state by m xi
hi gher specif

gravity can be sinultaneously and integrg !y produ

experi nents,

ng a
fic

ng a mat eri‘al such as a bi nder. Thus,
ic gravity and the porous |ayer havin u

WL

It was found that a desired tenperature dlfference mas

10[err] C or higher in order to ohtajn the co ete nelting st
sh i

sem -fluid st

10

15

20

25

cthe thickness an ows that e porosity” con nuougiy
changes within a‘range of 10% -25%. When these porous .
structural units are used as an acoustic absorption
material, th%ir acoustic absorption characteristic is the
most important factor.

Figure 11 shows a result of measuring the vertical
incidence sound absorption coefficient of three samples
having respective porosity digtributions as shown in
Figure 10 in accordance with JIS Al405 "A method of
measuring the verticgl incidence sound absorption
coefficient of materials for buildings by a pipe method™.

For the sample of the curved line B having a distribution

of porosity in the direction of the thickness, the side

portion having a porosity of 10% is used as a surfacg for

£eceiving sound waves.

As is clear from Figure 11, it was coqfirmed that the
sample (curved B) having a distribution of porosity
exhibited the best sound absorption coefficient.

The reason why the porous layer having -a distribution

of ﬁ&?osity shows good result is considered as follows.

In the method of measurement ruled in the above-mentioned ’

JIS, a hard wall 36 is used for the back surface for a
test p;ece (a porous structural unit) 44 as shown in
Figure 12. JAccordingly, when sound waves 37 enter into
the porous structural unit 44, a speed of particles of
the sound waves 37 becomes 0 at the hard wall surface 36.

The particle speed becomes large near the incident
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- 14 unté? The condition 3 t he tenperature of the wall portion 11 of

the recessed rnﬁhﬂSh and the tenperature of wall portion 13 of
t he prOJectlng \ '8 are set to be constant. Wen the «f
tammaUHeoft i

11 of the recessed metal nold 7 is 150C s
lower, it is difficult to obtain the fugong. state of the granular material,
and on the other hand, when it is 240[err]C or higher, the

surface which is away from the hard wall surface 36, and
the greatest particle speed is obtainable at the incident
surface 38. The principle that sound waves are absorbed
is as follows,. During the propagation of sound waves in
5 thin gaps.in the porous structural unit 44, an acoustic
energy is converted into a heat energy to be dissipated
by the effect of viscosity to the wall surface. On the
other hand, the effect of viscosity becomes remarkable as

the pérticle speed becomes large, and the porosity at the

Y

) 10 incident surface of the porous body largely affects the
acoustic absorption characteriétic of the entire portion.
As described above, as the porosity becomes small,
the gaps in the porous unit 44 becomes thin, whereby the
effect of viscosity becomes large. Hoﬁever, when the
15 porosity is too small, it is difficult that the sound
waves enter into the pofous unit 44 and the sound
abso:ption‘coefficient decreases. In Figures 10 and 11,
it is understood that the porosity of the sample of the
curved line A is too large and the porosity of the sample
20 of ;ﬁé curved line C is too small, and accordingly the
_optlmum effect of v1sc051ty can not be obtained. The
sample of the gprved line B shows ihat'the surface for
receiving sound waves (the position to obtain the
greatest pa;tiéle speed) of the porous unit 44 has the
25 optimum porosity, and in addition, the porosity becomes
large toward the hard wall side, whereby it is possible

that the sound waves enter into the innermost portion of
THIS SHEET HAS BEEN |
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neltrng state is too excessive whereby it is difficult to obtain a

multi-layered structure. Wen the tenperature of t'lﬁl@ohmﬂllas Rlepia’ced.3 of th(%

recessed netal nold half;é is 70[err]C or |ower, tate of

the particles at their contacting portions does not - ity >
difficult to melt-bond to each other. ~WB8n—=t is 180[err |gher t he
nmetting state of the granular material goes too far and it |s dlfflcult to

o )8 B2 PU°5 9 BBt € 0 il IR SUR, eRLEfE enleue 0%
of the porous,BLEYRkYLA H¥dacteristic.

Description will be made as to improvement in the
acoustic absorption characteristic by changing the

5 porosity (specific gravity) in the direction of the
surface of the porous structural unit. Figure 13 is a
diaéram showing that the porosity of three kinds of
sample changes. The porosity reduces in the order of
curved lines A+B+C. The acoustic absorption

) 10 characteristic of each of the samples is shown in Figure
14. In Figure 14, when the porﬁsity at the surface of
receiving sound wave is made small (which corresponds to
the curved line C), the sound absorption coefficient at a
low frequency region can be increased. Accordingly, Qood

15 acoustic absorption characteristic can be obtained in a

broad range of frequency band regions by forming a
distribﬂtion of the pordsity in the direction of the
surface of the poroﬁs structural unit. |

The acoustlc absorption characteristic of a porous

20 structural unit having a thickness of 10 mm will be
described.

Figure 15 if'a diagram showing distributions of the
porosity of three samples, and Figure 16 is a diagram
showing thé:vertical incident sound absorétion

25 coefficient of.each.of the samples. These Figures show
that the acoustié absorption characteristic of the porous

structural unit having a thickness of 100 mm exhibits the
M"’""‘::t




and so on is redu diameter is 3 mmor npore, the acoustic dr
absor ption charac duced al t hough the heat insulating »)

characteristic can be |nprove Wien a pressure applied by the netal nnlﬂ”}%?f
is 1 kg per cnferr] or less, nelt-bondinggof the granular material becomes
unstabl e. On the other hand, the pressure is

opposite characteristic to the porous unit having a

« #rcdusti c. %§Wﬂa§ﬁemﬂaﬂml eristic, ‘heat insul ati on characteristic

thickneés of 10 mm. Namély, the porous unit having a
thickneés of 100 mm exhibits good acoustic absorption
characteristic as the porosity becomes small toward the

5 hard wall,side (curved liné C). The reason is considered
as follows.

In the porous unit having a large thickness, a
distance for passing sound waves is long and the sound
waves are reflected during propagation. Since the

10 acoustic absorption characteristic is impéoved by
reducing a quantity of reflection, a good result is
obtainable by_eliminating this continuity between the
inherent aéoustic impedance (the product of the density
of air and a sound speed) of air through which sound

" 15 waves are passed to enter the porous unit and the
acoustic impedance of the porous unit. Namely, when the
thickness of the porous unit is large, excellent acoustic

) absorption characteristic is obtainable by slightly

e

increésing the porosity of the porous unit facing air to
20 thetéﬁy adjust the acoustic impedance of the porous unit
to the inherent acoustic impedance of air and by reducing
gradually the gprosity toward the hard wall éide.
It was confirmed that the optimum distribution of the
porosity'ofﬁthe porous unit changes depending on the
25 thickness and that excéllent4acoustic absorption
characteristic can be obtained by forming the poroqs'unit

.to have a continuous change in distribution of the




- 15 #sqveral tons/cnferr] or nore, it is difficult to keep accuracy in

controlllng t enperature, .and processability is reduced. Wien the granul ar ¢
material is heated by the netal nold for several tnmsmggggmgg, h&ﬁss tugi

mel't - bondi ng state becones insufficient. On the ot t he NE -2
heating time reaches several hours, the nelting sta t and t he
Iear to

boundary between the fusion |ayer and thgsperous | a
t hereby deteriorate the characteristics.

porosity. _
(ii)Heat insulation and heat retaining characteristic
The porous structural unit has been used as a heat

insulation material. It is well known that the porous

s unit is used to insulate heat or keep warmth because air
contained in fine gaps in the porous unit transfers very
small amount of heat by convection and the surface area
to transmit heat of a solid which is a part of the porous

unit is small whereby heat conduction ability is low.

~—

10 However, the porous unit is strongly influenced by
heat radiation, which substantially determines the heat
insulation characteristic of the porous unit. In order
to reduce heat conduction by radiation, an aluminum layer
was attached to the surface_of heat insulation material

15 to prevent radiant rays from entering in the porous unit.
However, in the conventional technique, productivity was
poor and there was further problem of a short lifetime
due to the peeling-off of the aluminum layer. Further,
_there has been proposed to reduce the porosity of the

20 pordus unit to thereby improve heat conduction by
radiation. However, when the porosxty is made small, the
heat conductiof becomes lérge, and accordingly, it is not
effective to improve heat insulation-heat retaining
characteristic as a whole.

25 In the porous structurél’unit according to the second
invention, the porosity (specific gravity) is changed. A

degree of changing the porosity can be selected as o
THIS s s m;..-';'
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The +fif ckness BR8plBas TN BRI 9aS- per meabi | | ty (in a range from

gas- per neabi l.i t rmeability) of the fusion layer to be forneq(
are changed by gwﬂHm uﬂmlﬂ?l ng tenperature and a heating tinme.
Accordingly, a eristic can be obtained by selecting the i

conditions in order to obtain a desired ggprous structural unit. [EXAVPLE
1-2 of the method of preparing a porous structural unit] In the

above- ment i oed Lxarpl e 12, i he, temper at ugg of gt hey wal Lotk op,al of the

can be interrupted at the surface portion and heat
conduction can be small by making the porosity small at
the area near, the surface portion and by making the

5 porosity_large in the porous unit. Thus, a porous unit
having excellent heat insulation-heat retaining
characteristic can be obtained.
(iii) Oil containing bearing (sliding bearing)

An o0il containing bearing is formed by impregnating a

-

10 lubricating oil in a porous material and adapted to
supply oil without the necessit& of an external supply of
oil. Further, it is inexpensive. Accordingly, it is
didely used in a field that a load to the bearing is
small.

15 . Generally, in a forcibly oil~feeding type sliding
bearing, an oil pressure of about 20 kg/cm? is produced
in an oil £ilm at the sliding surface when a shaft is
rotated; this raises the shaft and there occurs é.so-
called coﬁplefe lubricdtion (liquid lubrication) wherein

20 the{shaft does not directly contact with the bearing.

On the other hand, in the oil containing bearing,
even when an qﬁl'preséure is produced, a part of the oil
~pressure escapes outside through the porous wall of the
bearing to'éhereby reduce the oil pressure,.whereby a so~

25 called boundary lubrication wherein the shaft is locally

contact with the bearing is performed. Accordingly, the

friction coefficient of the oil containing bearing is as

b &
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was sé& 0. T%O[err]C and the tenperature of the wall portion 1 t he

prOJectlng nmetal nold half 8 was set to 100[err]@h5$ﬁﬂQMSEEER

spherical particles haV|ng a dianeter of 1 nn1mh|
of thernoplastic resin having a softening tenpera H C (GTR—
(grade) manufactured by Denki Kagaku Kaldsht ki Kai s a

i n.the netal

10

.15

20

25

nol d, and then the netal nold hal ves 7,
high as 0.1 - 0.2 in comparison with a case of the

forcibly oil-feeding type bearing having a friction
coefficient of 0.02 - 0.05. The temperature rise in the
oil containiqg bearing is relatively high.

The allowable load of the oil containing bearing can
be improved by increasing the pressure of oil £ilm at the
sliding surface. For this purpose, a method wherein a
stream of oil is produced through a porous wall without
causing reduction of the oil pressure has been studied.
For instance, there has been proposed a method wherein
the surface portion of a bearin§ is constituted by a
layer having pores of a small diameter and the oil-
retaining portion is constituted by a layer having pores
of a large diameter. Namely, a lining layer having pores
of a small diameter is bonded to the oil retaining layef.
The lining layer prevents the 0il pressure from
decreasing. Suéh method is disclosed in, for instance,
"oilless bearing"” (by Kawasaki, published by the.AGNE, P.
87):;_3bwever, the proposed method has a problem that
pdé%%ﬁare discontinuous at connecting portion of the two
layéf;, and a self~oil~feeding résistance from the oil
retaininé layeéfto the iining laygr becomes ;arge,
whereby improvement of the bearing load is not
sufficient.; '

On the 6ther hand, in aceordance with the porous
structural unit of the second invention, the_diameter-of

pores in the porous layer for the bearing is made minimum

rraterla
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wer g fl"osedf

ehd&mbd:for 20 m nutes, the netal nold hal ves 7,
were opened. A p to‘the netal nold while heating was 100 ..
Thus s structural unit 1 4's shown in Figure 5.7 *#%-

kg/cnerr].
The thickness of the porous structurak‘dﬁﬁt‘ was 10 mm the thickness of

the fusion | ayer

R {RXAMDLEAde 3poft1d8 GEtPRE BEaPiRBAENAYLRePAL BMELEL! Wt ur al

the pores is made continuously or gradually increased

was about 9

unit]

10

15

20

25

The dlstance bet ween the wall surfaces 11, 13 was 10 nmm
After the netal !

2 was about 1 mm- and the thickness of the porous |ayer 3

toward the bottom portion. Accordingly, the pressure of

the oil film‘can be increased, a suitable amount of oil

can be retained, and excellent performance can be

obtained.

(iv)Filter material

can

the

The porous structural unit of the second invention
be used as a filter. By using the structure wherein

diameter of pores (porosity) is continuously changed,

dust in air can be removed in a continuous manner .while

reducing a possibility of causing clogging, and

efficiency of catching the dust is increased. A compact

single body type filter unit can be formed by using a

layer having pores of small diameter for the outside

layer of the filter.

The porous structural unit having a porous layer

wherein the porositﬁ (specific gravity) is continuously

changed can be utilized widely by taking an advantage

thg??é compiicated shape and a complicated material can

be used.

As the resin particles for constituting the porous
; -

layer, particles having a spherical shape are used in the

above-mentioned Examples. However, resin particles of a

tubular form, a cylindrical form, a cubic form or another

suitable form may be used. Thermoplastic resin particles

with needle-like projections can be preferably used

i SHEET HAS BEEN
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In the e above nﬂihblsbwelt!%m"ﬁpli‘ci 1, the tenperature of the wall portion 11

of the recessed f 7 was set to 180[err]C, and the tenperatuﬁ@
of *t he wal | port prQ]ectlng metal nol'd half 8 was set to .
130[err]C. As an of 1 rif e

resin, spheri‘cal éélcles havi'ng a di aneter
which is a granul ar naterlal of t‘hernopléstic resin having a softening

tenperature of 86[err]C (GIR-40 (grade) manufactured by Denki Kagaku .
Kabushi ki Kaibstugys ewetlee pniéedbethik eepab jenltd onsna rteh@axdtlyl modltenhal ves 7
8 were closed. The distance between the wall surfaces 11, 13 was 10 nm In
this state, tthertlen) iwladrdet ves FedB8ce the weight of the porous

layer, a hollow granular material produced by foaming or
a foaming grﬁpulaf material may be used. Short fibers
5 may be mixed with resin particles. Further, a thread-
like thermoplastic resin may be incorporated as a binder.
It was found that further excellent characteristics,
especially the acoustic absorption characteristic could
be obtained by suitably selecting the shape and the

10 longer diameter of the granular material used for the
porous unit. Descriptién will be made as follows.

Figure 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient of five
samples in a case that fhe shape of granular material is

15 changed. A curved line A is ﬁof a sample made of a
granular material of a cylindrical form wherein the

~ diameter is 0.8 mm and the length is 1 mm, and a curved
line B is for a sample made of a granular material of a
_sphgrical_form wheréin the diameter is 1 mm. The.

20 thiéﬁﬁéss of the porous layer of the samples is 10 mm and
a fféquency of 2 KHz is used to measure the sound
absorption coefficient. 1In Figure 17, it is understood
that the curveg line B using the spherical resin’
partiblés shows that there is .a small difference in the

25 characteristic of the samples and very stable. The
?eason is that a granular material in a spherical form

comes to contact with another at only one point and

THIS SHEET HAS BEEN
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mol d under the condi tion ,of heating was. 100 kg/°C

t he net al
I'ckness of
thus forned porous structural unit 1 was 10 mm of the fUﬁ%éﬁr
- 17 - layer 2 was about 1 nm and the thickness - about 9 i 2

I n conmparing the porous structural uni+t 40 +he Exanple 1-2, it was found
that the ' S

were.—ﬁ'penied'after 15 m nutes have passed. . A pre%siﬁe%

therefore, the séate of the layer of the spherical
particles is uniform in the molded product. Thus, by
using spherical (or elliptic) particles, a further
preferable porous structural unit can be obtained in a

5 case that, stableness in the characteristics among samples
is required.

Further, it was found that the acoustic absorption
characteristic depended on the longer diameter of a
granular material. Figure 18 is a diagram showing the

10 relation of the longer diameter of a granular material to
the sound absorption coefficient of a product formed by
using the granular material. The thickness of a sample
is 10 mm and a frequency used for measurement is 2 KHz.
When the diameter of the granular material is too small

15 or too large, it is difficult that sound waves enter into
the porous material, or the inherent acoustic impedance
of the porous material does not coincident with the
inherent acoustic impedance of air to thereby redgce the
sound absorption coefficient. With respect to Figure 18,

20 it éaé found that the acoustic absorption characteristic
could be improved by determining the longer diameter of
the granular migerial to be in a range of 0.2 - 3.0 mm
for practical use, preferably, 1.0 - 2.0 mm.

Another;ﬁxample of the porous structural unit

25 according to the second invention will be describe@. The
porous structural unit comprises a porous layer wherein

the specific gravity is continuously changed in the

HIIS SHEET HAS BEEN
REPLACED




fusi‘oM of tfe,
skin |l ayer of a
t hernopl astic.r
on may be used.
thernopl astic resin, nethyl-ethyl'-ketqngy MEK), cellul ose, varnish, acetone
may be used. The bonding strength of the granular material of the porous

structural unjt is jncreased and the nmechanical strength is increased by

sprayi ng or Rbaaff ke ebotke ntin ¢lores Phdkhet Burfachrafulhe haYeri al

I n.the above-nenti oned. . .
and a solid layer having a porosity smaller than that of

VL BGEs BlenRBRacEDr OUS | ayel 3 is partly accelerated and a
. was fornmed. As the granular material of e
\ ml MW¥ropyl ene), AS (acryl styrol), styrol and S Qi

the porous layer and a specific gravity greater than the
porous layer,, the porous layer and the solid layer being
5 laminated, When a thermoplastic resin particles are used
as a raw material for the eolid layer, it becomes a
fusion layer. The solid layer can be gas-permeable or
non~gas-permeable depending on a degree of fusion. When
a thermosetting resin particles are used as a material
10 for the solid layer, the solid layer becomes a layer
having a higher specific gravit} because the granular
material .is softened and is bonded with a binder. 1In
this case, the solid layer can be gas—-permeable or non-
gas—-permeable depending on a degree'of the softening of
15 ehe granular material. .
(i) Porosity
Figure 20 is a diagram showing the porosity of a
mold-shaped porous structural unit wherein curved.lines
(Ex, 1-=2 and Ex. 1-3 respectively indicate a relation of
20 theiierosity'(%) to the thickness (mm) of the porous
structural units prepared according to Examples 1-2 and.
1-3. The fusigp layer 2 of the porous structural units
is non-gas-permeable. The porous layer of Ex. 1-2 is so
formed thae'the pofositf'is continuously changed in the
25 direction of the thickness, and the porosity is greatest
at the surface portion {low temperature side) the porous

layer 3 of Ex. 1-3 is so formed that the porosity is

—
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Exanﬁf%s d{!, 1-2 and 1-3, the raw material was put under the condition
that the tenperatures of ,the wall portions 11, ‘13hisfhectiashe ﬁhmaﬁweratureﬂ(

and | ow tenperature metal nold halves 7, 8 were’ | : ant-. LU
However, there may be used for such a nethod that [ is put o
the netal nold having the roomtenperatu#2 and the tenperature of netal

nold is ihcreased to a predeterm ned tenperature during which a nol d-shaped

product is r %@h\ﬁ&mdd&@ﬁ%ﬂﬁ%&dinawer ailgestignt bEaknenthibrYESE, t he
same quality can be obtdi ned. peri-ments reveal ed that the tenperature-
difference apnd the porosity is greatest at the central portion of
the porous layer 3 while the porous layer is low at the
surface porti?n (low temperature side). Namely, the
5 porosity at the surface portion is between the greatest
porosity of the porous layer 3 and the porosity of the
fusion layer 2. This shows that a partially fused skin

layer 4 is formed. When the same material is used, the

specific gravity is large as the porosity is small.

S

~ 10 (ii)éharacteristics of layered porous structural unit
When a porous structural unit is used for a sound

absorption material, the acoustic absorption
characteristic becomes a problem. Figure 21 is a diagram
for comparing the vertiﬁal incidence sound absorption

15 coefficient wherein the vertical incidence sound
absorption rate is obtained in accordance with the
before~-mentioned JIS Al405. A curved line Ex. 1-2 is for
the porous structural unit having a thickness of 10 mm
prepared according to Ex. 1-2 and a broken line is for a

20 coﬁégntional porous structural unit having a thickness of
10 mm in which urethane form is used for a sound

absorption material. It is found from Figure 21 that the

=5

vertical incidence sound absorption coefficient of the
porous structural unit formed by the method of Ex. 1-2
25 had the characteristic equivalent to or superior to that

of the conventional unit.

Figure 22 is a diagram showing the vertical incidence

e e ST
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bet weh vhé’high t enper ature and | ow tenperature nmetal nold hal ves coul d be

smal |, for i nsTasRhect plaegd cour se, - 18 - the tenperature
difference vari _ ~conditions, e.g., a material to be used, pﬁg
rial, a rate of raising tenperature in the™ -t

size and the'sh _
nmetal nold halves, a pressure appliedtqghe metal nold halves and so on.

-

sound absorption coefficient similar to that of Figure
21. Curved lines Ex. 1-2 and Ex. 1-3 are respectively
for the porous structural units with a porous layer
having a thigkness of 10 mm which are formed in
5 accordance with the method of Example 1-2 and 1-3. 1In
Figure 22, the reason why Ex. 1-3 shows a good result
seems that the porosity at the surface portion is
suitébly provided. |
(iii) Effect of skin layer
10 Description will be made as to clarification of a
phenomenon wherein the acoustic absorption characteristic
is improved by a skin layer and the optimum thickness of
the skin layer..
An ABS resin was used as a raw material for the |
15 porous layer, and a sample of the porous layer having a
thickness of 10 mm was prepared in accordance with the
method of the aone—mentiQned Example 1-1.
o . Figure 23 is a diagram sthing a result of
< measurement of the-distribution of the porosity of the
20 sadgié, and Figure 24 is a_diagiam showing a relation of
the vertical incidence sound absorption coefficient to
frequency wherigﬁ the side haviné small pérosity of the
porous material is used as the surface for receiving
sound waves: .As is clear form the Figures, the sample
25 showed the greatest'sound'abéorptiﬁn coefficient at a low

frequency of 400 Hz yherein the greatest sound absorption

coefficient exceeded 90% which is an excellent

g '.'..’I'I.'L"'z_._ i ﬁ cun
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' K J .
I n orﬁEr'Lé forma tenperature difference between the wall portion 11 of
the recessed netal nold half 7 and the wall pOI’tI'ﬂﬁsShaetHfisBehequtvadeCtl ng

metsal nold half 8, the Wwal | portion 13 of the proj | d half
may be formed of a material 14 which is a | ow heat erial SHCH®-
as PBT (pol ybutyl ene terephthal ate) resi4¢d FRP (fi pl astics)

or“the like as shown in Figure 6. The size of the netal nDId hal ves 7, 8

can be differefirattbpugbithe Rutgptate &cb56-5a8RiohNogheRk shipls
sufficient that a predeterm ned tenperature difference can be tenporarlly

or constant! y44 V6BséPvé@ewith a microscope to examine the porosity of

10

15

20

25

the surface for receiving sound waves. As a result, a
skin layer o§ substantially non—-gas-permeable having a
thickness,of about 30 pm at the surface portion was
found.

The above-mentioned phenomenon will be described with
reference to an acoustic model as shown in Figure 25.
The acoustic impedance (denoted by a character Z) of the
porous structural unit ié expressed by the following
equation (1):

z-fn+jmmn+M+JQm | (1)
Jjue

where rp is the acoustic resistance of the porous layer
3, ® is angular velocity, mp is the inertance of air of
the porous layer 3 and ¢ is the thickness of the porous
layer 3, p* is equivalent density of air in the porous
layer 3, C* is equivalent sound speed of air in the
porous layer 3 and m ig.surface density of the skin layer
4. o

.In order to obtain a frequency.wherein the sound
absorption coefficient assumes the greatest value, the
complex compodght in the equation (1) has to be 0. The
frequency £ is obtainable from the following equation

(2). . .
1_ .[_p*c*2 (2)

f = =_

2n {(mg+m) &




met al %ol d Tal ves 7, 8 by selecting suitably the heat capacity of the nold

hal ves and the calorie of. the heaters which depend on the kind and the sia&r

of the material used. [EXAMPLE 2-1 of the nethod of preparing a porous %
structural unit] A case of form ng the porous structural unit by using tﬁgzﬁﬁir
granul ar material of thernoplastic restnd4@itl be described. In the same

manner as the Exanple 1-1, the tenperature of wall portion 11 of the

recessed netal nogdnbal fnd ¥agrsee Henitt§RElGE Whe Rkdhenalylan itshaaf or
greater than the inertance m, of the porous layer, the
frequency £ at which the greatest sound absorption
coefficient gan be obtained can be greatly reduced to a
s low frequency region by providing.the skin layer, as is
clear from the equation. Since the sound absorption
coefficient of the porous layer is low at a low frequency

region, the provision of the skin layer is effective to

_improve the characteristic. Although- it has been well

-

10 known to obtain such effect by providing the skin layer,
there has been known that the skin layer is attached to
the porous material. Although reduction of the frequency
for obtaining the greatest sound absorption coefficient |
can be attained by attaching the skin layer to the porous

15 material, the absolute wvalue of the sound absorption
coefficient is reduced to 80% or lower. The reason can

- be considered as follows.
The acoustic impedance Z at the freqﬁency reg%on to
obtain the.greétest sound absorption coefficient is

20 expressed as follows from the equation (1):

"% = rg |
As is well known, when r, = pC (where p and C are
respectively t;: density and the sound speed of air), the
sound absdrﬁtion coefficient becomes 100%. However, the
25 conventional meéhod of attaching the skin layér increases

a component of resistance at the bonding portion between

This Sheet Has Been Replaced
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- 19 sef f'eni < $6 sl B RtfiaclRt er i al but |ower than the thermal

deconposi tion tenperature of the wall portion 13 of the
prqj ectii ng mnet aqm ﬁHMH s‘around a tenperature at which the granu_l__ﬁ,?r—(
material is soft is lower than the temperature of the wal |™ ~g-

portion 11 of the recessed netal nol d-hgkf-7. Then, particles having a
di aneter of about 0.2 - 3 nmm as

the skin layer and the porous material. When the
component of resistance is inserted in series to the
acoustic resistance of the porous material, the above-
mentioned equation rnp = pC can not be satisfied and

5 fluctuation in the characteristic may result due to
unstableness derived from the bonding of the both
materials.

On the other hand, the present invention eliminates
the above-mentioned problem by mold—éhaping the skin

10 layer and the porous layer in one piece.

Several porous structural units were prepared .by
changing the thickness of the skin layer, and sound
absorption characteristic was examined for each of the
porous structural units. As a result, when the thickness

15 of the skin layer exceeds 100 pm, the skin layer acts as
an eiastic layer (as a spring).but not mass, and the
frequency corresponding to the greétest sound absorption
coefficient rises on the contrary. Accordingly, it was
found:that'lod pm or lower was appropriate. .

20 i386:far, the porous structural unit having a two-
layered structure has been described. However, a porous
structural unigwhaving three or more layers may be used.

Figure 26 is.a cross-sectional view of a porous
strucfurai Gﬁit la having a three-layered structure which

25. éomprises a skin layer 4, a porous layer 3 ané a non-gas-

.permeable solid layer 2. As described before, since the

laminated structure of the skin layer 4 and the porous

B L1 o4 o
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a ghéﬁulaEJEBterlal of thernosetting resi'n such as phenol, PBT
(polybutylemamwﬂ&eﬁhwh d PET (pol yethyl ene terephethalate) or the |I%?

were put int alves 7, 8 together with-a binder such as ...
cel | ul ose, vaﬂl Hglg“ mhgus adhesives in a nixed state. The metal mol " 5
hal ves 7, 8 se e . appl yi ng ggPLessure, and were heated for

several minutes - several hours. Heating’operations were carried out at the

above-nmentioned set tenperature for the nmetal nold halves 7, 8, and a
pressure applapert Behesoewsellery sonndr epsospsdwsy aihatr@@;’et,fmahidbrartme

condltlon of heati ng.
the non—-gas-permeable solid layer 2 is excellent sound
shielding material, the porous structural unit can be
used as a stractural material performing both function of
5 sound absorption and sound shielding.

When it is used as a heat insulation-heat retaining
material, the skin layer 4 serves as a radiant ray
insulating material, the porous layer 3 serves as a heat
conduction insulating material and the solid layer 2

10 serves as a casing for a machine to be received therein.

Figure 27 is a diagram showing another embodiment of
the porous structural unit 1b.wherein a solid layer 2 is
sandwiched between two sets of a porous layer 3 and a
skin layer 4. The porous structural unit 1b can be

15 applied to a split type or a cgell type sound deadening
device. Figure 28 is a diagram showing an embodiment of
the sound deadening device wherein a plurality of ghe
structural units 1lb are érranged so as to divide the
1n31de of a duct 33 into a plurality of sections. The -

20 splxt (cell) type sound deadening device has excellent
sound deadening performance at a low frequency. Be51de
of the above-meptioned embodiment, the porous structural
unit of the present invention can be"used in various
fields and Qarious number of layers and various kinds of

25 material can be applied to the porous -structural unit of
the present invention.

Particles other than resin particles may be used for

.......... s
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Then), Ahe granular material in contact with the*marf‘portrﬁﬁ—&%—heated at a

hlgher tenperature of the recessed netal nold hal fy mgﬁHsgft n and was -
mel t - bonded to each othér by the binder so that |t aV|ng dr
hi gher specific gravity. The |ayer changes fron1a state {0+~

a non-gas-perneabl e state dependi ng on.aggegree of t of -t he
granular material. Since the tenperature of the wall portlon 13 of the

proj ecting netal nold half 8 is Igmer t han that of the
the granular material constituting the porous structural

unit of the present invention to obtain sufficient
function. An Example of the method of preparing the
porous structural unit is described the above-mentioned

5 Example 3-1.

Characteristics (sound shielding characteristic)

Figure 30 is a diagram showing the sound shielding
characteristic of the porous structural unit of the
preseht invention wherein a curved line Ex. 1-2 shows the

10 sound shielding characteristic of the porous structural
unit (without including iron particles) having a
thickness of 10 mm prepared according to the method as in
Example 1-2 and a curved line Ex. 3-1 shows the sound
shielding characteristic of the porous structural unit

15 (including iron particles) having a thickness of 10 mm
prepared by the method as in Example 3-1. These sound
shielding characteristics were measured by using a
characteristic measuring devicé as shown in Pigure 29.
The»porous structural tnit.l was put in a pzpe body

20 -(havxng a diameter of 100 mm) 39. Microphones 40, 41
were arranged at both sides of the porods structural unit
1. Sounds werg.generated from a speaker 42 placed at one
side of the pipe body 39. The other end of the pipe body
39 was cioéad and glass wool 43 was packed at the closed

2s end so as to have a length of abaut 100 mm so that the
sounds were reflected at the closed end. An acoustic

pressure level of the sounds entering in the porous




'.‘\ s . ) . . .
- 20% vall _ LR, he granular material filled in the area fromthe
wal | portion, - ' specific gravity layer 12 does not becone tqQ-
conpl ete fl ui ﬁﬁlﬁﬁ;ﬁmﬁr the particles are bonded to each ot her by:é.‘.‘:# ,
t he bi nder atl ing portions and finally; the porous |ayer 3™ -~
bonded to the higher specific gravity=l 4Per 2 is fornmed in one piece.
Al t hough the porous layer 3 is nornmally gas-perneable, it exhibits non-gas-

per meabi | i t ys WhePe @PaBNBADE Rhs! RRaBWRIER By &tk ikidRdphone 40. An

acoustic pressure level of the sound waves transmitting

thfough the porous structural unit was measured by the
microphone 41. A degree of sound shielding (dB) of the
5 porous structural unit was evaluated with a value
obtained by subtracting the sound pressure level of the
transmitting sound waves from the sound pressure level of
the incident sound waves.
Figure 30 shows improvement of a sound shielding
L 10 degree of about 10% by Ex. 3-1 (including iron particles)
ovef Ex. 1-2 (without iron particles) in the above— 
mentioned Example.
The case that iron particles are incorporated in
resin particles has been described. However, the same.
15 effect can be obtained by using another metal or glass
which has a higher specific gravity. Further, although
description has been made as to improvement of the sound
shielding characteristic, a material such as aluminum may
be igcgrpo:ated to improve electromagnetid shielding
20 characteristic and heat conduction characteristic. In
addition, glass fibers may be incorporated in the resin

particles in order to improve the strength of the fusion

>

layer and the porous layer.

(Effect of ‘the porous structural unit of the second

25 invention]

In accordance with the second invention, the pbrous

structural unit having excellent sound absorption

— EEN
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[ EXAVAL-E 2-2 of the method of prepérlng a’por.ous structural
above- nenti oned Exanpl e 2 1, the tenperature of’ Tﬂ@ﬂﬂ@hﬁsﬂgﬁkhmﬁﬂﬂl of the

recessed netal nold hal {7 was set at 200C, and t ! of the wmﬁf—
portion 13 of the projecting metal nmold half 8 wa Eﬂmu Jﬂtr.] C. As T uie-
thernosetting resin, particles having a spageter [

(having a softening tenperature of 190[e
by Meiwa Kasei Kabushiki Kaisha) were put in the nold together with 15 wt %

of powder celdhdozsetesiatbcndsd. hEasn inshd akdoal chakdcteristic can be

10

15

20

25

obtained since it has the porous layer in which the
specific gravity of the porous layer is continuously
changed in the direction of the thicknégs'or the surface
of the layer. |

In the second invention, the-granular material
constituting the porous layer in which the specific
gravity is gradually changed is spherical or elliptic
particles is used, and the diameter or the longer
diameter is in the range of 0.2 - 3.0 mm. Accordingly,
the characteristics can be furéher improved and a .stable
characteristics can be obtained.

Further, in accordance with the second inventioén, the
porous layer in which the specific gravity is changed and
the solid layer having a porosity smaller than that of
the porous layer are laminated wherein the solid layer is
melt-bonded with tﬁ; porous layer through the fusion
layer, and the fusion layer is made non-gas-permeable,
whereby the sound absorption characteristic and other
characteristics can be improved. In this structure,
siﬁce the boundary of the layers is melt-bonded, various
types of materjal can be uéed for the porous structural
unit. '

In the.secona invention, a plurality of the porous
layefs 2 in which the-specific gravity is changeé and the
solid layers are combined, whereby the porous structural

unit having such combination can be used for various

S SHEET HAS BEEN
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1C, MM752 (grade) nmanufactured



hal ve&+7, 8°were cl osed. The di stance between the wall surfaces 11, 13 was
10 mm In this state, the heating operations were naintai ned for 25

m nutes, and then the ngtal nold halves 7, 8 were opened. A pressure .Jﬁf
applied to the nmetal nold hal ves under the condition of heating was 150 ™ ~&i%-
kg/cnferr]. The thickness of the porous gfyer thus fornmed was 10 nm the
thickness of the |ayer having a -

fields.

Further, the skin layer having the thickness of 100
pm or less is formed in the solid layer, whereby the
sound absorption characteristic and the heat insulation

5 characteristic of the porous structural unit can be
improved.

Further, the solid layer having a porosity smaller
than the porous layer is attached to one side surface of
the porous layer in which the specific gravity is

10 changed, and the skin layer having a thickness of 100 um
or less is attached to the other side surface of the .
porous layer, whereby the characteristics can be further
improved, and in seme case the porous structural unit
eaving the construction can be used for a casing for a

15 machine. . '

In the second invention, since the granular maperial
constituting the porous layer in which the specific
gravity is changed is constituted by a plurality of
dxfﬁerent shapes and materzals, functions as the porous

20 structural unit can be expanded

7 [
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hi gher specific gravity was about 1 mm .and the thickness of the porous
| ayer 3 was about 9 mm _ A granul ar materi al obt ai ned by coating a

t hernosetting resin witfl a thernoplastic resin may be used. [ EXAMPLE 3-1.
the met hod of preparing a porous structural unit] A'case that the porous

structural eBi2g8ps/Aorned by using a material including particles other
than the abeiesaphshanpdnkeskokparticles will be described. Figure 7 is a
cross-sect i mbasubishi oEleetalicnibidehal ves 7, 8 in a closed state wherein a

mat eri al

5.

This Sheet Has Been Replaced
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A porous structural unit c h a r acterized
by having a porous layer in which the'specific gravity
is continously changing in the direction of the thick-
ness of said layer or of the surface of said layer.

The porous structural unit according to claim 1,
characterdized in that a granular material
constituting the porous layer is spherical or el-
liptic.

The porous structural unit according to claim 2,
characterized in that the length of the
major axis of the graqular material is in a range of
0.2 - 3.0 mm,

The porous structural unit according to one of claims
l1to3, characterized byan additional
solid layer having a porosity lower than that of said
porous lgyer.

-

The porous structural unit according to claim 4,

characterized in that said solid layer is
a fusion layer and is fusebonded to said porous layer.

4

The porous structural unit_according to c;aim 5,
characterdized in that said fusion layer
is non—air-permeable.

The porous structural unit according to one of claims
4 to6, characterized in that a plurality

Pk ———
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i ncl ydi ig .two kinds of particles are filled in the space 12 fornmed by the
nmetal nold halves. First, iron particles 15 having a | onger dianeter of V4
about 0.2 nmwas filled”in the recessed netal nmold half 7 so that the g
t hi ckness of the iron particle layer is about 1 mm' Then, ABS resin e
particles 16 having a | onger dianeter of __about 1 nm (which is the same as

that used in Exanple 1-2 of the met hod~of preparing the porous structural
unit). were filled so that the thickness of the ABS resin |ayer is about 2

mm hi gher than the height (10 mm of the closed space 12. The projecting

metal nol d

of the porous layers and Ehe solid layers are com-
bined.

8. The porous structural unit according to one of claims
4 to7, characterilzed in that said soclid
layer is a skin layer (4) having a thickness of 100 pm
or less.

9. The porous structural according to one of claims 1 to
( 7, characterizedin that one side surface
- ' of said porous layer (3) is attached with the solid’
layer (2) having a porosity lower than that of said
porous layér, and the other side surface is attached
with a skin layer (4) having a thickness of 100 um or
less.

10. The porous structural unit according to one of claims
l1to9, characterized in that different
kinds of shape or material are used for a granular
material constifuting said porous layer.
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hal¥ 8 (Figure 7 shows a flat nmetal nold half) was assenbled in a
cl ose-contact state to the recessed netal nold half 7, whereby the |ayer

of the iron particles 15 and the ABS resin particles 16 are conpressed

thereby forma packed | ayer conprising different kind of - 22 -

the tenpeystghsi Qhit BenkeCREBAGhiki Kaisha

f'

Mitsubishi EBlectric Home Appliance Co., Ltd.
Tokyo, Japan
FB 2827/A

Abstract

The present invention concerns a porous structural unit which
improves acoustic absorption properties and heat insulation
properties and in which the specific gravity is continuously
changed. '

Fig. 26

-
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particles in the closed space 12. Under the above- nentioned conditions,



met k. nol ® half is raised to 86[err]C higher than a tenperature which
causes softening the ABS resin particles, nore specifically 150[err]C, ag#
the tenperature of the-projecting netal nold half is raised to 100[ er r |.fee ¥
Then, the both nmetal nold halves were heated for about 20 minutes. Since
the nelting point of the iron particles 15 is about kﬁ O[err]C, and the

shape of the iron particles is kept as they are. Ont ot her hand, the
wal | portion 11 of the recessed netal nold half 7 is heated at a high
tenperature, and therefore, the iron particles contacting thereto are al so

heated at a high tenperatu
FIGURE |
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' Acccrm'}i'nglg the ABS resin particles 16 in contact with the iron particle

| ayer are nolten and the nmolten ABS resin particles flow to surround the ¢
iron particl esEmL!RIEor med rous structural unit had its thi ckness..afF,..mr,
16 mm wherein ayer i1 whi chnt he |ro1(? particles 15 are m xed

had its thickness of about nmm @ t he rous layer 3 had its t gess of
about 9 nmm The | ayers w ' 0 o/ | am nat y. The
specific gravity of thel[s i h [|lhat of the ABS

resin, i.e. 1.05 gr/cc ' particles.

However, when it 9

—
)
-

411

@1\\ %

" FIGURE 5
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incl ud®s th&iron particles the specific gravity of only the fusion |ayer

was 44 gr/cc as a result _of nmeasurenent. |lp.case t at the porous layer of.
t he. por ous - 23 - strlctural unit is u nd abs rptlon mat eri dﬂ'

and the fusion layer is used as |nsul atiro ' t hg sound -
I nterruption characteristic.of ncrease& 5

as ‘the specific
QW 77/
i 15
| | R 2
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gravi'? is.Targe.
Exanpl e has excel |l ent

convent i onal
mat eri al

met hod,
or to attach a nefallic mfd-eri al
increase the sound interruption capability of a Iigh

it "“wa

gravity such as the ABS r

unlt tained in this

A dingly, th
ccorgbng v erfugf{gﬁFﬁggﬁﬁst i c.

necessary to increase the thlckness of the

such as an i

accordance wth t

t he ¢

ron plate in orde
material in specific

“ernoa=ut-g he present

i nvention, however, the pofous structural unit with & fusion layer having
a specific gravity further] higher than that of y?é porous | ayer by
I ncorporating a e
7
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mat er f*al hé\'/i ng a high specific gravity at a portion to be fused. A though

the iron particles are used for particles to be m'xed with the resin 3
particles, the sane effect can F @ﬂﬂl by u particles of anot her (?(
metal, glass or a rratﬁg havi , speC| gravity. Furt her, gB-W,
description has been dg¢ as to inprovenent of sound insul ation

I n order to obtain good el ectromagnetic shiel ding

characteristic. However,
such as alum num effective to

effect or heat conducting effect, a nateri al

el ectromagneti c shielding may be i ncor por at ed. o
a
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2. 2 W . . . . . .
Fur t h8r glass fibers may be incorporated in the resin particles in
order to inprove the strength of the fusion layer and the porous |ayer.
t he_above- nenti oned Exanples 1-1 thr he gr Iar material is
nol ded by the application of pre&mﬂi?tzafjta mhere a tenperature: é “Eﬁ>
difference is given t éﬁhe first and second netal nold halves to thereby
produce the porous |d§ Jand the fusion |ayer or
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the @kih Mayer. However, it is possible to forma porous structural unit
havi Ag such | ayers even_by pressing the nmetal mold halves after the

.heating. This will be descri bed here| nbel ow. At first, a small conpres ..
force (1 kg/cnferr] or |ower) o theympt al nol d hal ves wher eby
particles are closely contac ’ S l plied thereto. In this

condition, it is difficult to forma fu3|on | ayer or a skin |ayer even
t Aough there is a temjerature difference between the metal nold hal ves, and
only porous |ayer 7§)firoduced. Wien the porous |ayer is
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con'pr@srsed ﬁnder the condition of heating which is near a tenperature at
the time of the conpl etlon of nolding, a deformation by .conpression or
fusion of a high tenperdfure portion of the porous |ayer is accel erated, .5

whetr eby a non-gas- perneabl e | ayer hi gh spéecifi€ gravity layer is
formed in the porﬁ WBE t he i)é hand, a | ew tenperature portion i
ow speC|f|c graV|tyfTég¥l in which a nulti-

t he porous | ayer
cellular layer is naintained. {ff can
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EET 'r#5- '.beg nol d- shaped in the sane Fsﬁ%abov nti oned by
utilizing a shear stress force due to re ocati ng m)vement

of the metal nold ot heSCh h'ca't'r‘orr‘of—p'ressure"—f%\/PLE 4-1
the met hod of preparing a rous structural unit] Now, descriplion w-l *‘%v#,»
made as to a case that a pdrous structural unit of a cylindricpl form
nol.ded by —
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. f-..‘ 4 . .o . . .o Is
u5|ng'&‘granular material of thernoplastic resin as a raw material. Figure /
8 is a cross-sectional view of a netal nold for explalnlng a net hod _of
t unit. A reference nuneral 31 i3

preparlng t he cyllndrlcar por ous r
and aga ral 32 designates a TB ifw

a'cylindrical netal ?3ld made of
core netal nold in;§ ound rod shape of al um num e later has two

portions having different dianmeters as shown in Figure 9. Nunerals 33, 34
designate covers or plugs of alum numwhich are fitted to both ends of the

cylindrical netal nold 31 and have
o 6]
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operi'j*ﬁ-gs af their central portion to allow the core nmetal nmold 32 to pass
t heret hrough. A closed space in which resin particles 35 are filled is

forped by the cylindrical

covers 33, 34.
the core netal

nmet al
In the netal

mold is inserted in the cylindrical

nmol d 31,

the core netal

net al

nmold 32 and the
mol d having the construction described above

mol d 31 so'that

the cl osed space is forned at the snall dianmeter portion of the core netal

FIGURE 25
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I o & .
- 26 "ﬁnld‘éz Then, the cover B 34 is renpved, and the resin particles
35 are filled in the closed space defined by the cylindrical. nmetal nold 31
the core netal nold 32 and the cover A 33, and thereafter, the cover B 34 ¢
is fitted to the cylindrical nmetal nold 31. Experinments by t he |nventorsF2,§§}

of this application revealed th si on e to the resin
particles 35 can not be unifornF,Gm everzsfilling resin particles
35 in volune which is |agger than t he vol une of the cloqqg space and by

cl osing the cover B 34 ‘nply, althouqh the reS|n
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T :
parti'®es 3g;near the cover B 34 receive a conpression force by a bridging
function of the particles when the distance in the direction of conpressi
is Long, the conpressiofi force can not be transnmitted to a portion far ng
the cover B 34. In a case of the netal nold having-a substanti al Iength.g
shown in Figure 8, the conpression force in the axial direction is only ﬁ
kg/<cmerr] or lower. Further, a distribution in conpression.force in the
| ongi t udi nal direction rapidly changes whereby it is difficult to control
the conpression”force. Accordingly, in this enbodinent, the resin particles

was

FIGURE 30
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ﬂfj‘ |l ed so that the conpression force at the time of closing the cover B 34
is 1 kg/cmor lower. The inner dianeter and the outer dianmeter of the
cylindrical netal.nold were respectively 40- mm and 60 nm and the outer

diameter portions of the smaller and |arger dianeter pptt+ens—eot— e
metal nold were ° - 27 - respectivelyl 29 nm and 31 WREPWBWE?QTW t er
of the
05 JUN 1y
e
Has Been Replaced
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A POROUS STRUCTURAL UNIT AND A METHOD OF PREPARING THE SAME

The present invention relates to a porous structural unit
used for an acoustic absorption material or a heat insulation

material.

There have been used as an acoustic absorption material or
a heaf insulation material a porous material such as glass wool,
rock wool, urethane foam and so on. The porous material such as
urethane foam, steel wool and so on have been used as a filter
for cleaning air. The porous material is widely used for the
purpose of sound deadening, heat insulating and air cleaning such
as a vacuum cleaner, a cooling/warming air conditionei, an air
cleaner and so on. There is a strong demand from manufacturers

that the porous material be low cost and high in performance as

well as the minimum restrictive - *’T S BEFN

{ \\H)

e




netal nold was 23 mm _ The dlstance bet ween the inner en £ 193 R
tovers A, B was 200 mm An ABS resin particles having a EEBbﬁEaWﬂﬁw }{iJFﬂ

were filled lnnﬂsmmm«dwdrlbed before, and the netalrTm

for about 1 hou ¢ furnace having an atnosgh (fs\ﬁnp¢¢§nu e
of 220C. The he i the core metal nold was ddte
smaller than th M ndrical nmetal nmold, and th

near the core netal nold were heated a§ a tenperature hi her than t hat nes
the cylindrical netal nold. After a porous |ayer of the ¥esrmparticles was

In the conventional method of preparing a pocrous

structural unit, there were problems that a combination

of the porous layer and a layer (e.g. a non-gas-permeable

layer) having’a higher specific gravity required much

s cost; the.method of using a2 foaming material required

additional cost because a side surface had to be made

non-gas-permeable, and it was difficult to obtain a

complicated configuration.

Further, the conventional porous structural unit had

10 problems that since it had a simple shape wherein the

porous layer having a uniform specific gravity and a

layer (e.g. a non—gas-—-permeable layer) having a higher

specific gravity were combined, it was difficult to give

the optimum distribution of specific gravity and give the
15 optimum shape in order to further increase the

performance, and it was difficult to obtain good sound
.absorption characteristic and good heat insulation

characteristic.

US patent no.4 591 496 discloses a structural unit made from
polyurethane foam having uniformally disposed therewith solid
material bonded together with new polyurethane foam. This
structural unit is not porous, but has closed cells. It may
have a varying density gradiené iﬁ the direction of the thick-
ness, this change in the density gradient being achieved by
admixing larger amounts of solid material to those regions of
the unit, which are to have a greater specific density (or

“gravity).
JP-A-59,045,134 discloses a porous structural unit provided

with a:skin layer. -
THIS SHEET HAS m‘w‘}
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formed by heating, the nmetal nold was renoved fromthe electric furnace,
and the core metal nold was drawn in the direction of arrow nmark as shown
in Figure 8 before the tenperature of the netal nold decreased. lifM@§Ed
found that during the drawing of the core netal nold, the«pﬁf@us‘ﬁa§§
conpressed in its radial direction due to the expan5|ons§f1& SGE
the core netal nold, whereby the porous |ayer in contaat
por e metal nold heated at afﬂgh?éﬁ%rﬂurevmsfonm
specific gravity, and a porous structural unit having ald strlbutl
specific gravity changi ng

It is the object of the present invention to eliminate the
above-mentioned problems. This object is accomplished by a
porous structural unit according to claim 1.

A first method of preparing a porous structural

This Sheet Has Been Replaced.
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in the direction of the thickness could be obtained in the sane nanner

;t he above-nenti oned Exanples 1-1 through 3-1.
hear stresﬁmwﬂ@ﬂ h@mthe surface portion of the porous‘i g g
“””&ME;ﬁbrnuS“

s
owing to- a
Iayer by cau

gi tudi
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ce produced betwee netal nol g*

novement of the core neta Id in the
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It was further found that a

unit according to the invention
comprises a step of putting a material including resin
particles into a space formed by first and second molds,
a step of producing a temperature difference between the
first and.sécond molds, a step of pressing the material
with the molds, and a sﬁep'of heating at least one of the
molds to a temperature sufficient to soften the resin
particles in the material, whereby a layer having a
higher specific gfavity produced.at the high temperature
side of the molds and a porous layer having a lower
specific gravity prqduéed at the low temperature side are
formed in one piece. Accordingly, the material at.the
high temperature side is molten or softened by heat at
the high temperature side of the mold and a pressure
between the first and second molds so that a layer having
a higher specific gravity (e.g. a fusion layer) is
formed, and on the other and, at the low temperature
side, the resin particles are molten or bonded to each

other in a semi-fluid state so that a porous layer having

a lower specific gravity is formed. At the same time,

the both layers are melt-bonded or attached to each other

in one piece. Thus, the above-mentioned porous

structural unit is formed.

In g second method of preparing a porous structural

unit according to the " tnvention, the material

including resin particles which is the same material as

used in the first method is heated and then, is pressed




direction and as a result, the porous structural unit having its surface
with a high specific gravity could be obtained. It is clear that a
distribution of specific gravity can be forned in the axial direction by
using a core netal mold having a tapered dianeter.. |
Exanpl es 1-1 through 4-1, resin particles having a t
cylindrical form a cublc formor other desired shape
than the resin particles having a sphérical form The
particles with needle projections are

pd;gS\Eu_‘_g J.;,ﬁ.Si N

—

or is subjected to a shearing stress, whereby the material at the
high temperature side is deformed at its ‘surface portion by
compression and the fusion is accelerated to thereby increase the

specific gravity.

According to the invention, acoustic absorption
characteristic and heat insulation characteristic can be

increased, and it is possible to use the unit in a wide range.

In the drawings,

Figures 1 and 2 are respectively cross-sectional vieﬁs of
pofbus structural units according to the invention;

Figure 3 is a longitudinal cross-sectional view of an
important portion of a vacuum cleaner in which the porous
structural unit as shown in Figure '1 is used as a sound
absorption material;

Figure 4 is a cross-sectional view of a metal mold

Thls Qheet ‘Has Been Rep laced
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f

preferably used as a granular material because the needl
easily nolten. In order to reduce the weight of the poro
a hollow granular material or a foamed granul ar materi al
raw material. Further, short fibers may be i ncor porated
material, or a thread-like thernoplastic resin materi al
as a binder to the resin particles. In order to change t
of the porous layer in the porous stréctural unit in the
surface of the porous |layer, the tenperature of the

~gj.ect.ions are
dgﬁ NCturalgu '
nrp‘be~used~as~&sg
S aé{ UnforC|ng‘.
e

dlrectlon o)

for explaining the method for producing the porous unit,

Figure 5 is a side view partly cross-sectioned of the porous
structural unit prepared by using the mold shown in Figure 4;

Figure 6 is a cross-sectional view of a metal mold used for
another method for producing the porous unit;

Figure 7 is a cross-sectional view of a metal mold used for
explaining a method of preparing a porous structural unit
containing iron particles;

Figures 8 and 9 are respectively longitudinal cross-
sectional views of a metal mold and a core metal mold used for
another embodiment of the method for producing the porous unit;

Figure 10 is a diagram showing a relation of porosity to the
thickness of the porous structural unit of an embodiment
according to the invention; .

Figure 11 is a diagram showing characteristic curves of the
vertical incidence sound absorption coefficient of the éorous
structural units having porosity curves shown in Figure 10;

Figure 12 is a cross-sectional view of a construction for
measuring the vertical incidence sound absorption coefficient;

Figure 13 is a diagram showing a relation of porosity to the

thickness of the porous structural units prepared

- This Sheet Has Been Rep laced
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net al

above-nenti oned direction of. |ayer surface. The - 29 -
of the porti amisSheet His Bpan m@ﬂswﬂayer facing a higher tenperatyrg parti-on” d{“'“

the | ow tenper nol d becones | arge, and the! spé@h¥+C‘qrav g d
of the portion r tenperature portion of the tal nold becone$
S 05 JUN 1997
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nold at the | ow tenperature side should be changed in the

specific gravity

_.7 -

by the method of the another embodiment ol the
invention;

Figure 14 is a diagram showing characteristic curves
of the vertical incidence sound absorption coefficient of
the porous structural units having porosity curves shown
in Figure 13;

Figure 15 is a diagram showing a relation of porosity
to the thickness of the porous structural units prepared
by the method of another embodiment of the
invention;

Figure 16 is a diagram showing characteristic curves
of the vertical incidence sound absorption coefficient of
the porous structural units having the porosity curves
shown in Figure 15;

Figure 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient when the
shape of the granular material constituting the porous
layer of porous structural units;

Figure 18 is a diagram showing a relation of sound

absorption coefficient to the diameter of the granular

3

material;

Figure 19 is a side view partly cross-sectioned of a
porous structural unit having a layered structure

according to the invention;

Figure 20 is a diagram showing a relation of porosity

to the thickness of the porous structural units

according to the invention;

THIS SHEET HAS BEEN




Slnce-thefabe¥e=nenLLQn___nethod provi des a nol ded porous structural
uni t.-havi ng.a cony

unlt

haV|ngT% gpe- i ece structure, a porous structural ] ted
shape ¢ = eplgsedii ned by using a netal nold haV|ng t he shap@““h[
correspa I orous structural unit. In accordance w t h the ngt Hod
of prep s structural unit of the V@blmq\qmych
conpri ses a step of puttlng a material _i ncluding reS|n articles in ajspace

formed by first and second netal nold ﬂarves a step of Frparting—ea

A

d

tenperature difference between the first and second netal ol d hal ves,

step of pressimjigure 21 is a diagram for comparing

10

1s

20

25

the veércicacx

incidence sound absorption coefficient of the porous

structural unit having the porosity curve sthn in Figure

20 with that of a conventional porous structural unit;
Figure 22 is a diagram showing a relation of the

vertical incidence sound absorption coefficient of the

porous structural units of the

present invention to frequency;

Figure 53 is a diagram showing the.porosity of a
porous structural unit having a skin layer according to
the present invention;

Figure 24 is a diagram showing characteristic curve
of the vertical incidence sound absorption coefficient of
the porous structural unit with the skin layer having the
porosity curve shown in Figure 23;

Figure 25 is a diagram in a form of acoustic model of
a porous étructural unit to illustrate the effect of the
skin layer;

| Figure 26 through 28 are respectively diagrams
showing porous structural units having layefed structures
according to the - invention;

Figure 29 is a diagram showing a device for measuring
sound shielding characteristic; and

Figure 30 is a diagram showing the sound shielding

characteristic curves of two-porous structural units

according to the invention.

THIS SHEET HAS B.EEN
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the material with the netal nmold hal ves and a step of heating at Ieas%

of the netal nold halves at a tenperature sufficient Io_softenln.
particles, a layer having a higher specific gravity at L enper
si de ongbgmanhanmnﬂﬂmhblves and a porous |ayer having

erature si de can be sinultaneousiy an
y, a-porous strgctural unit havi fig
are dlfferent and having a conplicat d shape can_be

graV|ty
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obt ai ned mnth a | ow

10

15

20

25

LD

t
Uﬂp@ﬁl filc
|ntegrallp

—whose

e

An embodiment of the-porous structural unit according
to the . lnvention will be described. -

Figures 1L and 2 are respectively diagrams in a form
of model which show cross-sectioned views taken in the
direction of the thickness of the porous structural unit

according to an embodiment of the invention. In

Figures 1 and 2, a reference numeral 2 designates a layer
having a higher specific.gravityﬂ such as a fusion layer
which may be gas-permeable or non-gas-permeable, a
numeral 3 designates a porous layer having a lower
specific gravity which is geﬁérélly gas-perméable.

The porous layer is so formed that the porosity is
continuously changed in the direction of the thickness.

A numeral 4 designates a skin layer having a specific
gravity between those of the layers 2 and 3. The skin
layer is a fusion layer having a thickness of, for

instance, 100 pm or less. In the porous structural unit

1, the fusion layer 2 and the porous layer 3 are
integrally formed. Similarly, the fusion layer 2, the
pérou;.laQer 3 and the skin layer 4 are integrally
formed.

When the porouélstrucfural unit 1 is used as a sound
absorption material, the porous layer 3 is opposed to Ehe
side of a source of noise whereby the energy of sound is
absorbed and attenuated and sonic waves are prevented

from passing through the fusion layer 2.

THIS SHFET HAQ BFFN
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the specific gravity of the surf e mat effi &l at Lﬁfﬁ@bgh

tenperature side can be easily |3 appllcati nQ?J .
terlal ilinql udi ng_.t.he.x

conpression force or a shearing
particles while or after they are heated

10

15

20

25

- shown in Figure 3.

_lo_
Figure 3 is & cross-sectional view of an important
part which shows the porous structural unit 1 is used as
a sound absorption material for a vacuum cleaner. In
Figure 3, a reference numeral 5 designates an outer frame
and a numeral 6 is a blower motor as a source of noise.
The porous structural-unit 1l as a sound absorpﬁion
material is formed to surround the air diecharge side of
the blower motor 6 wherein the porous layer 3 faces the
blower motor 6 and the fusion layer 2 faces the outside.
In Figure 3, arrow marks indicate flows of air stream in
the actuation of the vacuum cleaner. With the above-
mentioned construction, noises produced from the blower

motor 6 can be absorbed and interrupted by the porous

structural unit 1 as a sound absorption material.

A method of preparing a porous structural unit in

which the gravity is continuously changed in the

direction of the thickness of the layer or the surface of

the layer, and the characteristics of the porous
structural unit will be described.
Figure 4 is a cross—-sectional view of a metal mold

which is used for preparing the porous structural unit as

In Figure 4, a reference numeral 7

designates a recessed metal mold half made of a material

having good heat conduction such as aluminum. A numeral

8 designates a projecting metal mold half which is also

THIS SHEET HAS BEEN
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The‘porous structural unit thus fornmed can be used in various ways. For
rnstammemmuﬂhsBayemmhaW|ng a higher specific gravity can be used as a

elehents the nunber of assembling st:€psa @ﬁﬁ?&ﬁfg EET

struct as an outer frame for a machine. It.reduces the
nunber
The por ura unit of the present invention has Hi gh~tittH+iy-

i nstance, it |s preferably used for -arR&cousti c absorpti ¢njimat.er h
%%Jhﬁwﬁ

'—‘v—u
-

insulation material, a sliding bearing, a filter unit and $
accor dance siddt dihe grasant d NVEdd i ;¢ 56ACE8:t BAe porous| llaves

al

facing a higher temperature portion of the low
temperature side metal.mold becomes large, ané the
specific gravity of the portion facing a lower
temperature portion of the metal mold becomes small.
Since the above-mentioned method provides a molded porous
structural unit having a one-piece structure, a porous
structural unit having a complicated shape can be easily
obtained by using a metal mold having the shape

10 corresponding to the porous structural unit.

In accordance with the method of preparing the porous

structural unit of the invention which comprises a

‘step of putting a material including resin particles in a

15 space formed by firsﬁ and seéqnd metél mold halves, a
step of imparting a temperature difference between the
first and second metal mold halves, a step of pressing
the material with the metal mold halves and a step of
heéting at least one of the metal mgld halves at a

20 temperature sufficient to softening the resin particles,
a laye; having a Aigher specific gravity at the high
temperature side of the metal mold halves and a porous
layer having a lower specific gravity at the low

temperature side can be simultaneously and integrqily

25 mold-shaped. "Accordingly, a-porous structural unit

having portions whose specific gravities are different

and having a complicated shape can be obtained with a low




flrst and second d alves have different heat. capaC|t1
t enperat ure dlffgﬂl?glﬁl’t “' both mol d hal ves can be--
I n, the bondin

roduced. Further wnth t he present inventi
; e Os% JEINy199ne

force between reS| a granular material can _
I ncorporating a blnder |n the naterlal3vnelud|ng t he regi articles,

wher eby the nechani cal strength of the porous structura| unit can
| mproved. high as 0.1 - 0.2 in comparison with a casejaf_?ﬁ?‘“————-—~1

forcibly oil-feeding type bearing having a friccion

coefficient of 0.02 - 6.05. The temperature rfise in the
oil containing bearing is relatively high.

The allowable load of the o0il containing bearing can
be improved by increasing the pressure of oil film at the
sliding surface. For this.purpose, a method wherein a
stream .of 0il is produced through a porous wall without
causing reductioﬁ of the oil pressure ﬁas been studied.
10 Fér instance, there has been proéosed a method wherein

the surface portion of a bearing is constituted by a

layer having pores of a small diameter and the oil

reﬁaining portion is constituted by a layer having pores
of a large diameter. Namely, a lining layer having pores
15 of 'a small diameter is bonded to the 0il retaining layer.

The lining layér prevents the oil préssure from

decreasing. Such method is disclosed in, for instance,

“oilless bearing" (by Kawasaki, published by the.AGNE, P.

87). However, the proposed method has a problem that
20 pores are discontinuous at connecting portion of the two

layers’ aqd a self-oil-feeding resistance from the oil

retaining layér to the lining layer becomes large,
whereby improvement of the bearing load is not
sufficient.

25 On the other hand, in aceordance with the pordus

structural unit of the: . invention, the diameter of

pPores in the porous layer for the bearing is made minimum

TEN
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- 31 =——Afoamedgranutar—material or a hollow g material can be used.as..a—
: Je wei ght of the porous structural uni-t can’ He SHEET

raw’ ergal,

reducei IR angi ng the specific gravity of the pOfOHS-#%ﬂHﬁ“ﬂﬂT
t he d|r H"I “hl ckness or the surface of the porousila gr }3@
charact Al t he acoustic absg@mgptd on charact eri stji /ou<
structural un|t can be further inproved. [Characteristics iof the por ous

layer of thg Seg%n%ur:ace pocrtion of the bearing and :hegdiamece: of

the pores is made continuously or gradually increased

toward the bottom portion. Accordingly, the pressure of

the oil £film can be increased, a suitable amount of oil

s can be retained, and excellent performance can be

obtained.

(iv)Filter material

The porous structural unit of the invention

can be used as a filter. By using the structure wherein

10 the diameter of pores fporosity) is continuously changed,
dust in air can be removed in a continuous manner .while
rgducing a possibility of causing clogging, and
efﬁicieﬁcy of catching the dust is increased. A compact

single body type filter unit can be formed by using a

15 layer having pores of small diameter for the outside

layer of the filter.

The porous structural unit having a porous layer
wherein the porosity (specific gravity) is continuously
changed can be utilized widely by taking an advantage

20 that a complicated shape and a complicated material can

be used.
As the resin particles for constituting the porous

layer, particles having a spherical shape are used in the

above-mentioned Examples. However, resin particles of a

25 tubular form; a cylindrical form, a cubic form or another

suitable form may be used. Thermoplastic. resin particles

with needle-like projections can be preferably used

THIS SHEET HAS BEEN |
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invéntion] Various characteristics and applications of the.porous-i -1
a porous structural unit wherein the specific gravity ofﬁghgﬁ 5@@%@?& BT

i s continuousl| y Tols&hrgEihs BeeniRiiglaced r ect i on of the thicknegsfor the surtac
t he porous |ayer- M”' mummﬁu bed. (i) Acoustic absorpf§i ¢nohaunci®yi si i
Figure 10 is a di

gr 0

a distribution of porosityf(specific
avity) of each the porous. structggal units in thefdFrectron—ef—the
t hi ckness of the porous structural

unlt (which are substantially
structural unit was measured by the microphone 40.

L\

An

Jl

acoustic pressure level of the sound waves transmitting

through the porous structural unit was measured by the

microphone 41, A degree of sound shielding (dB) of the

§ porous structural unit was evaluated with a value
obtained by subtracting the sound pressure level of the
transmitting sound waves from the sound pressure level of
the incident sound waves.

Figure 30 shows improvement of a sound shielding
10 degree of about 10% by Ex. 3-1 (including iron particles)
over Ex. 1-2 (without iron particles) in the above-
mentioned Example.
The case that iron particles are incorporated in
resin particles has been described. However, the same
15 effect can be obtained by using another metal or glass
which has a higher specific gravity. Further, although
description has been made as to improvement of the sound
sh;eldiné characteristic, a material such as aluminum may
be incorporated to improve electromagnetic shielding
20 characteristic and heat conduction characteristic. In
additisn,ﬂglass fibers may be incorporateq in the resin

particles in order to improve the strength of the fusion

layer and the porous layer.

25

In accordance with the - 1lnvention, a porous

structural unit having excellent sound absorption

Bri?‘?\{ !
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consti t ut ed by porous |ayer) which have a thickness of 10 mmfornmed in

accordance with the Exanple 1-1. In Figure 10, curved |ines Ak 517 Vo .V AR,
that each of the porosity is substantially uniformin the dirjgﬁﬂgﬁﬁﬁﬁ phéﬁw~wl

thickness, and that respectively have a porosity of about 25%and a
porosity of about 10% A curved line ®shows that the porosity | s05 JUN 199/
distributed in the direction - 32 -

hnssnsnrwvswe. pon s

characteristic and heat insulation characteristic can be obtained
since it has the porous layer in which the specific gravity of
the porous layer is continuously changed in the direction of the

thickness of the surface of the layer.

A granular material comprising spherical or elliptic
particles may be used for constituting the porous layer in which
the specific gravity is gradually changed whereby the diameter
or the longer diameter is in the range of 0.2 - 3.0 mm.
Accordingly, the characteristics can be further improved and a

stable characteristics can be obtained.

 Further, in accordance with the invention, the porous layer
in which the specific gravity is changed and the solid layer
having a porosity smaller than that of the porous layer are
laminated wherein the solid layer is melt-bonded with the porous
layer through the fusion layer, and the fusion layer is made non-
gas-permeable, whereby the sound absorption characteristic and
other. characteristics can be improved. In this structure, since
the boundary of the layers is melt-bonded, various types of

material can be used for the porous structural unit.

In the invention, a plurality of the porous layer 2 in which
the specific gravity is changed and the solid layers are
combined, whereby the porous structural ‘unit having such
combination can be used for various

——__——‘—_ﬂ___________
Has Been Replaced -
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of the thickness and shows that the porosity continuously hin

range of 10% -25% \When these porous structural units ar Eﬂﬂ\gﬂgf 7..
t hei r- acoustic absorption c ardLLC||3L.

acoustic absorption material,
the nost inportant factor. Flgure 11 shows a result of neds rkggdhgg
ﬁﬁg

vertical incidence sound absorption coefficient of three
respective porosity distributions as ig wn in Figure 10 i ordance with §
JI'S A1405 "A nethod of measuring the tical incidence spund absorption f
coefficient of materials for bU|Id|ngs by a pipe met hod" . =~

fields.

Further, a skin layer having the thickness of 100

pm or less is formed in the solid layer, wheréby the
sound absorption characteristic and the heat insulation

5 characteristic of the porous structural unit can be
improved.

Further, the solia layer having a porosity smaller
than Ehe porous layer is attached to one side surface of
the porous layer in which the specific gravity is

10 changed, and the skin layer having a thickness of 100 um
or less is.attached to the other side surface of the
porous layer, whereby the characteristics can be further
improved, and.in some case the porous structural unit
having the construction can be used for a casing for a
15 machine. |

In the invention, sinqe the granular material
constituting the porous layer ;n whiéh the specific
gravity is changed is constituted by a plurality of

different shapes and materials, functions as the porous

20 structural unit can be expanded.

Sheet Has Been Replaced
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For the sanpl e of the curved |ine B having a distri buitoenr-et—p
Aﬁ?ﬁﬂ«ﬁyéﬂﬁfi

t he directien—of—the LHICKneSS the side portion haV|¥§LﬁL
i's used as
it was confi

[ S rL ag q&ggp|V|ng sound waves. As is rom F1 gul-
arrpl e (curved B) having a (i dI%‘JJtU!\P'T":

porosity exhi sound absorption coefficignt. € reason Mm

t he porous | |st?ibution of porosity sha S

consi dered as folloms In t he met hod ™ neasurenent rdled in the

1
D%
11,

above-nentioned JIS, a hard wall 36 is used for the baek—sorface Tor a
CLAIMS
1. Porous structural unit comprising a porous layer in which

the specific gravity is continuously changing in the
direction of the thickness of said 1ayef or of the surface
of said layer, wherein side surface of said porous layer (3)
is attached with a solid layer (2) having a porosity lower
than that of said porous layer (3) and the other side
surface of said porous layer (3) is mould-shaped with a skin

layer having a thickness of 100 ym or less.

The porous structural wunit according to claim 1,
characterized in that a granular material constituting the

porous layer is sphérical or elliptic.

The porous structural unit according to claim 2,
characterized in that the length of the major axis of the

granular material is in a range of 0.2 - 3.0 mm.

The porous structural unit according to one of claims 1 to
3, characterized in that said solid layer is a fusion layer

and is fusebonded to said porous layer.

The porous structural unit according to claim 4,
characterized in that. said fusion 1layer is non-air-

permeable.

THIS SHEET HAS BEEM |
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test piece (a porous-structural unit) 44 as shown in Ht

Accordi ngly, when sound waves 37 enter into the porou<R§PL§EEﬁﬁﬁﬂ78HEET

a speed of particles of the sound waves 37 becones 0 dt Jthe hard wall

surface 36. The particle speed beconmes |arge near theji qciggnizy 1597 3:

surface which is away fromthe hard wall surface 36, dnd the greatest

particle speed is obtainable at the incident
53

o

6. The porous structural unit according to one of claims 1 to
5, characterized in that a plurality of the porous layers

and the solid layerslare combined.

7. The porous structural unit according to one of claims 1 to
6, characterized in that different kinds of shape or
material are used for a granular material constituting said

porous layer.

Thls Sheet Has Been Replaced

* c L M S * .

Tl-“S SHP.FT HAS BEEN
REPLACED l




surf.ace 38. The principle that sound waves are absorbed
Durlng\lhe propagati on of sound waves in thin gaps.in th
unit 44, an acoustic energy is converted into a heat enefgy to be

di ssipated by the effect of viscosity to the wall surfack.j Oh % MAROLGET
hand, the effect of viscosity becones resarkable as the fpgrticle speed
becones | arge, and the porosity at the incident surface jof

| argel y af f ect3 POROGS BERUCTERAL 'GNID ANPh A METHODs OF CPREPARENGTHE -SBAME

A EMENT SHEET:

dy

portion. As described above, as the porosity becomes snall, the gaps 1n 1
porous unit 44 becones thin, whereby the
Abstract

The present invention concerns a porous structural unit which
improves acoustic absorption properties and heat insulation

pProperties and in which the specific grav;ty is continuously
changed.

Fig. 26

This Sheet Has Been Replaced -

[T

S SHELT HAS BEEN |
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‘effect . of .viscosity becones |arge. However, when t'he porosity.is too §nall
it is difficult that the sound waves enter into the poraus unit 4 'ﬁﬁﬂ;ER%ET
sound absorption coefficient decreases. In Figures 10 and ;1;R5HF §
understood that the porosity of the sanpﬂe-of the curved line Ais too
| arge and the porosity of the sanple of the curved |line C .
accordiqgly the optinumeffect of viscosity can not be obt
of the curved l.ine B shows that the surface for receiving soun

| Fﬁ;itidﬂ to obtain the greatesp paftlcle.speed) of Fhe porjous PBKLJfﬂgg

and

as

A POROUS STRUCTURAL UNIT AND A METHOD OF PREPARING THE SAME

The present invention relates to a porous structural unit
used for an acoustic absorption material or a heat insulation

. material.

There have been used as an acoustic absorption material or

- a heat insulation material a porous material such as glass wool,
rock wool, urethane foam and so on. The porous material such as
uretﬁane foam, steel wool and so on have been used as a filter
for cleaning air. The porous material is widely used for the
purpose of sound deadening, heat insuiatihg and air cleaning such
as a vacuum cleaner, a cooling/warming air conditioher, an air
Cleaner and so on. There is a strong demand from manufacturers
that the porous material be low cost and high in performance as

well as the minimum restrictive



KCEM

@%@%&H FET .

\ngi ng t he

opti mum porosity, and in addition, .the porosity becones |argg
hard wal | side, whereby it is pOSSIb|e that the sound waves ¢
i nnernost portion of - 34 - the porous unit 44 to t her eby {p
excel |l ent acoustic absorption characteristic. Description w il
to inmprovenent. in the acoustic absorptlgn characteristic by ch

| cohdiﬁions'(e.g. thE_Shape be small).
Geneiaily, an acoustic aﬁserption material or an heat
insulation material is so_consﬁructed'that an inner
lining is attmched to e structd?al body made of a non-
gas—-permeable material. .The structurel body has
functioﬁs to shield sounds and to form a part of a £low
passage_for air. A'filter"unit'is formed by assembling a
porous material in a frame of a non-gas-permeab1e
material. The frame has a sealing effect so as not to
' ceuse leakage-of a fluid from the periphery of the porous
. material in the filter unit. The.porous material -and the
non-gas-permeable material can be prepared separately and
then assembled. Or, the porous material is formed by
using a foaming material and then, a part of the surface
of the porous material is processed to have non-gas-
- permeability. |
' The above-mentioned porous structural unit and the
| methed of preparing of the unit are disclosed in, "for
example, Japanese Unexamined Patent Publication
113172/1978 “vacuum cleaner", Japanese Examined Patent
Publication 52132/1983 "indoor unit of air conditioner",
Japanese Qnexadined Patent Publication 1045/1971 "multi-
cellular thermoplastic material, a cemplex consisting of
said material and a thermoplastic sheet layer, and a
method of preparing the same* and Japanese Unexamined
Patent Publication 19654/1973 “process for forming a

laminated soft outer layer".



porosity (specific gravity) in the dlrectlon of the surf.mq'wh A
structural unit. Figure 13 is a diagram show ng that the | .!.‘s -
ki nds of sanple changes. The porosity reduces in the ord rveﬁ i
A+B+C. The -acoustic absorption characteristic of each of Yk ?
.urface of
he .curved |ine

shown in Figure 14. In Figure 14, whepn 4he porosity at thg
recerving sound wave is made small (whicCh corresponds to
bl on._can-be

C), the sound absorption coefficient at a | ow frequency r -
i ncreased. AccoﬁﬂlnSFyF°@dGﬂ~é&&iﬁ|Q§fﬁ%%rﬁb|éﬁeéﬁaﬁéétéHHQHQ9{mwlbe

obtained in_a
_ struc;ural uait, thece wece proolems that a2 combination

of the porous layer and a laver (e g. 2 non-gas-permeable
layer) having’a higher specxfxc.qtavz;y'required much
cos&; the.method of using a Eoéming material required
additional cost because a side surface had to be made
non—-gas-permeable, and it was difficult to obtain a
complicated configuration.: |
Further, the conventional pofdus structural unit had
- problems that since it had a éimple shape wherein the
porous layer having a uniform specific gravity and a
layer (e.g. a2 non-gas-permeable layer) having a higher
" specific gravity were combined, it was difficult to give
the optimum distribution of specific gravity and give the
optimum shape in order to further increase the
performance, and it was difficult to obtain good sound

.absorption characteristic and good heat insulation

characteristic.

US patent no.4 591 496 discloses a structural unit made from
polyuréthane foam having uniformally disposed therewith solid
material bonded together with new polyurethane foam. This
Structural unit is not porous, but has closed cells. It may
have a varying density gradient in the direction of the thick-
ness, this change in the density gradient being achieved by
admixing larger amounts of solid material to thoséiregions of
the unit, which a;é to have a greater specific density (or
gravicy).

JP-A-59,045,134 discloses a porous structural unit provided
with a skin layer. N



broad range of frequency band regions by formmg a distrihution of the
porosity in the direction of the surface of- the porous stﬁEEL |

acoustic absorption characteristic of a porous structural
t hi ckness of 10 mmwi || be described. Figure 15 is a diadra '
di stributions of the porosity of three sanples, and Figurfe {16! g?%@r
showi ng the vertical incident sound -allsorption coefficiert lof each of thg
sanpl es.' These Flgures show t hat the acoustic absorptionjcharacteristic of

t he porous

- It is the object of the present invention to eliminate the
'above-menc;oned problems. This object is accompllsned by a
porous strucctural unitc accordlng to clalm 1.

A first method of preparing a porousfstructuﬁal



structural unit having a thickness of 100 nn1exhibits”the__

" SHEET - 35- opposite characteristic to the porous unit ha fl
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10 mm Nanely, the porous unit having a thickness of 10

acousti ¢ ‘absorption characteristic as the porosity beco

hard wall side (curved I'ine C). The reason.is: considere
_ S - T

[

smal | toward
- 15 JUL 1999

1

unic according to che inveacion

comprises a step of putting a material including resin

pacticles into a space formed by first and second molds,

a step of producing a temperature difference between the

- first and.second molds, a step of pressing the material

with the molds, and a step of'heating at least one of the

molds to a temperature sufficient to soften the resin

particles in the material, whereby a layer having a

higher specific gravity produced at the high temperature

side of the molds and a porous layer having a

lower

specific gravity produced at the low temperature side are

formed in one piece. Accordingly, the material at the

high temperature side is molten or softened by heat at

the high temperature side of the mold and a pressure

between the first and second molds so that a layer having

a higher specific gravity (e.g. a fusion layer) is

formed, and on the other and, at the low temperature

side, the resin particles are molten or bonded to each

other in a semi-fluid state so that a porous layer having

a lower'specific gravity is formed. At the same time,

the both layers are melt-bonded or attached to each other

in one piece. Thus, the above-mentioned porous

structural unit is formed.

In a second method of preparing a porous structural

unit according to the tnvention, the material

including resin particles which is the same material as

used in the first method is heated and then, is pressed



as follows. In the porous unit having a |arge thickness, a distance for
passi ng sound waves is |ong and the sound. waves are reflected during
propagati on. Since the acoustic absorption characteristic is EpuﬂOﬁ tﬁﬁEET
reducing a quantity of reflection, a good result is obtalnable by
elimnating this continuity between the inherent acoustic i npedance (the
product of the density of air and a.sgund speed) of air t xuur
waves are passed to enter the por ous unit .and the acousti yﬂﬁﬁﬁEﬁT
porous unit. hbnely, when the ' :

m-

\J

15 JUL 1999

or is subjected to a shearing stress, whereby the material at the
high temperature side is deformed at its surface portion by
compression and the fusion is accelerated to thereby increase the

specific gravity.

According to the invention, acoustic absorption
characteristic and heat insulation characteristic can be

increased, and it is possible to use the unit in a wide range.

In the drawings,
Figures 1 and 2 are.respectively cross-sectional views of
porous structural units according to the invention;
Figure 3 is a longitudinal cross-sectional view of an
important p;:rtion of a wvacuum cleaper in which the porous
- structural unit as shown in Figure 1 is used as a sound
absorption material; |

Figure 4 is a cross-sectional view of a metal mold



t hi ckness of the porous unit is |large, excellent acoustic absorptlon
characteristic is obtainable by slightly increasing the porosity of the
porous unit facing air to thereby adjust the acoustic |npedancR§PEAGmM£NTSHEET
porous unit to the inherent acoustic inpedance of- a|r
gradual |y the porosity toward the har@ wall side.:

'lJlthe

opti mum.di stribution of the porosity of the- porous un| i g

on the-thickness and that excellent acoustic absorpti n%ﬂk quﬁwggglc dan

be obtained by form ng the porous unit to have a contln ous ange-in
~distribution of the - : ﬁ

(e

for explaining the method for producing the porous unit,
| Figure 5 is a side view partly cross-sectioned of the porous
structural unit prepared by using.the mold shown in Figure 4;

Figure 6 is a cross-sectional view of a metal mold used for
another method for producing the porous unit;

Figure 7 is a cross-sectional view of a metal mold used for -
explaining a method of preparing a porous structural unit
containing iron particles;

Figures 8 and 9 are respectively longitudinal cross-
sectional views of a metal mold and a core metal mold ueed for
another embodiment of the method for producing the porous unit;

Figu;e 10 ;s a diagram showing a relation of porosity to the
thickness of the porous structural unit of an embodiment
according to the invention; ' \

Figure 11 is a diagram showing characteristic curves of the
vertica; incidence sound absorption coefficient of the porous
structural units having poroeity curves shown in Figure 10;

Figure 12 is a cross-sectional view of a construction for .
measuring the vertical incidence sound absorption coefficient;
| Figure 13 is a diagram showing a relation of porosity to the

thickness of the porous structural units prepared



- 36 - porosity. (ii)Heat i nsul ation and heat fetaining characteristib The

porous structural unit has been used as a heat: insul ation naterial

ENK SHEET

wel | known that the porous unit is used to insulate. heat or e
: ‘%"e RALEY; HS'HEET

because air contained in fine gaps in the porous unit transt

anount of heat by convection and the-sBrface area

15 UL 1999

oy the method of the anothe: embodiment cf the

inventibn:_

F;gu:e.l4 is a diagram showing characteristic cﬁrces
of the vertical incidence sound ab#orption coéffic;en: of
the porous strucﬁural gnits_having porosity curves shown
in Figure 13; |

Figure 15 is a diagram showing a relation of porosity
to the thickness of the porous structural units prepared
by the method of another embodiment of the
invention; |

Figure 16 is a diagram showing characteristic curves
of the vertical incidence sound absorption coefficient of
the porous structural units having the porosity curves
shown in Figure 15; |

Figure 17 is a diagram showing fluctuation in the
vertical incidence sound ébsorption coefficient when the
shape of the granular material constituting the porous
layer of porous structural"unité:

Figure 18 is a diagram showing & relation of sound

absorption coefficient to the diameter of the granular

3

material;

Figure 19 is a side view partly.cross-sectioned of a
porous structﬁrai unit haéing a layered structure
according to the invention;

Figﬁre io is a diagram showing a relation of porosity
to the thickness of the porous structural units |

according to the invention;



to transnit heat of a solid which is a part -of the porods u |
wher eby heat conduction ability i.s | ow. However, the porousimmlfgﬁume“s E

strongly influenced by heat radiati-on,, which substantially Hejer
i nsul ation characteristic of the gorous unit. In orderjthb ﬂg%gﬂg'ﬁggt

conduction by radiation, an al um nunfl
~insulation material to prevent radiant rays fromenter|ing in the

porous unit.

y8r was attached to phe_surface of

However, in the conventional technique, product-ty—was—poor

and t here was fatqhee plobkea dfagecsholb: Hddmgam;mﬂmihi)%m@tp@@ilng off of
the al um num |l ayer. Further,

incidence sound abso:ptlon coefficient of cthe porous

structural unit having the poroszty curve shown in cxgure

20 with that of a conventlonal porous. structural unlt,'
Flgure 22 is a diagram showxng a relat;on of tne

vertical 1nc1dence sound absorptlon coef:zclent of the

porous structural units of the

present invention to frequency:

Figure 53 is_a diagram showing the porosity of a
porous structural unit having a skin layer according to
‘the present invention;

Figure 24 is a diagram showing characteristic curve
of the vertical incidence sound absorption coefficient of
the porots structural unit with the skin layer having the
porosity curve shown in Figura.23; |

Figure 25 is a diagram in a form of acoustic model of
a porous structural unit to illustrate the effect of the
skin layer:

| Figure 26 through 28 are respectively diagrams
showing porous structural units having layered structures
according to the invention;

Figure 29 is a diagram showing a device for measuring
sound shielding characteristic: and

Figure 30 is a diagram showing the sound shielding

characteristic curves of two-porous structural units

according to the invention.



t here has been proposed to reduce the porosity of the porouspumk i @
 thereby inprove heat conduction by radiation. However, when {f1BElefuta WSH@ET
made smal |, the heat conduction becones |arge, and accordingly, it is not
effective to i nprove heat insul ati on heat retaining charactérijsti vai %99
whol e. In the porous structural unit &8cording to the second ifnvention, the
porosity (specific graV|ty) I s changed. A degree of changln?_Fhe porostty
can be selected as I o ' '

An embod;ment oE the porous sc;uccural ant accoccxnc
to the -~ invention will be described. -

Figures 1 and 2 are feepectively diagrems.in a form
of model which show cross-sectioned views taken in the
direction 55 the thickness'of the porous structural unit
according to an embodiment of the ©  linvention. 1In
Figures 1 and 2, a reference numeral 2 designates a layer
having a higher specific grav1ty. such as a quLOn layer
whlch may be gas-permeable or non-gas-permeable, a
numeral 3 designates a porous layer having a lower
specific gfavity which is generally gas-permeable.

The porous layer is so formed that the porosity is
continuously changed in the direction of the thickness.
A numeral 4 designates a skin layer having a specific
gravity between those of the layers 2 and 3. The skin
layer is a fusion layer having a thickness of, for
instance, 100 pm or less. . In the porous structural unit
1, the fusion layer 2 and the porous layer 3 are |
.1ntegrally formed. Similarly, the fusion layer 2, the
porous layet 3 and the skin layer 4 are integrally
formed.

When the porous structurél unit 1 is used as a sound
absorption material, the.porous layer 3 is opposéd to the
side of a source of noise whereby the energy of sound is
absorbed and attenuated and sonic waves are prevented

from passing through the fusion layer 2.



- 37 - desired depending on usage. Accordingly, radiant ray
Interrupted at the surface portion and heat conduction can be
maki ng the porosity small at the area near the surface portifo
maki ng the porosity large in the porous unit. Thus, a porou

excel l ent heat insulation heat retaini¥y Ttharacteristic can}bg¢_obtai ned.
(ti1) Ol containing bearing (sliding bearing) An oi:l contajning bearing is.

fornedlnllnpre%¥%dgy fis a ccoss-sectional view of an imPoTLamE

Ly

part which shows the po:ous structural unit L is used as
a sound absorption material for a vacuum cleéher. Iin
Figure 3, a reference numeral 5.designates an outer frame
and a numeral 6 is a blower motor as a source of noise.
The porous structural unit 1 as a sound absorption
material is formed to surround the air discharge side of
the blower motor 6 wherein the porous layer 3 faces the
blower motor 6 and the fusion layer 2 faces the outside.
In Figure 3, arrow marks indicate flows of air stream in
the actuation of the vacuum cleaner. With the above-
mentioned constructibn, ﬂoises produced from the blower
motor 6 can be absorbed and interrupted by the porous

structural unit 1 as a sound absorption material.

A method of preparing a-porous structural unit in
which the gravity is continuously changed in the
direction of the thickness of the layer or the surface of
the layér, and the chazactéristics of the porous
structural unit will be described.

Figure 4 is a cross-sectional view of a metal mold
which is used for preparing the porous structural unit as
shown in Figure 3. 1In Figure 4, a reference numeral 7
designates a recessed metal mold half made of a material
having good heat conduction such as aluminum. A numeral

8 designates a projecting metal mold half which is also



lubricating oil in a porous material and adapted to supp REEEACENE%WUSHEEP
necessity of an external supply of oil. Further, it is ipe pe%ﬁ?ﬁ QTS EET
PRI

Accordingly, it is widely used in a field that a |oad toft eq

small. Generally, in-a forcibly oil-feeding type sliding aring, Oi
pressure of about 20 kg/cnR is producd@ i-n an oil film +he-—-sliding _
surface when a shaft i.s rotated; this raises the shaft dnd there occurs a
so- called conplete Iuybrication (liquid Iubricgtion) wher ern-tte-shat—dogs
not direct!|y™388t 8& atwHnufe hlinegal 9. 10 designate heaters for °

elevating temperature for each of the metal mold halves
wherein the recessed metal mold.hélf 7 is heaéed QE a

- higher tempqrature than the proﬁecting metal mold half §.
(EXAMPLE 1-1 of the method of breparing a porous
structural unit] | o

.Descriptibn will be made as to forming the porous
structuial unit by usihg a granular material of
thermoplastic resin.

The temperature of a wall portion 11 of the recessed
metal mold half 7 is set at a temperature higher than
that softening the granular material as a raw material
put in a closed space 12 formed by the recessed metal
mold half 7 and the projecting metal mold half 8 but
lower than the teﬁperature causing thermal decomposition,
usually at a temperature in a range of 150 - 240°C. The
Eemperature of a wall portion 13 in the projecting metal
mold half 8 is set at -a temperature lower than the

_temggraturé éf the wall portion 1l of the recessed metal
mb;&nﬁéif 7. for instance at or near a temperature
softening the graqulat'material as the raw material,
usually at 70 = 180°C. . Then, a granular material (of a
diameter of-about 0.2 - 3 mm) of a thermoplastic resin
such as ABS resin (acrylonitrile-butadiene-styrene resin
haﬁ@ng a softening temperature of 80 - 90°C) is put into
the spacé between the metal mold halves 7, and then the

metal mold halves are closed while applying a pressure



On the other hand, in the oil containing bearing, even yefs
is produced, a part of the oil pressure escapes outsi dej&¥FiA{0
wal | of the bearing to thereby reduce the oil pressure,j
cal | ed boundary lubrication wherein the shaft is |ocal
bearing is performed. Accordingly, th&3riction coeffidid
containing bearing is as - 38 - ' :
' -and heat is applied for several tens secon

ds - several_

hours. The heating is carried out at the set temperature
for the het#l mold halves 7, 8 and a pressu:e.is applied
at 1 kg/cm? - several Eons/cm_2 while applying heat.

The granular material in contact.with'the wall
‘portion 11 heated at a higher temperature of the recessed .
metal mold half 7 is molten so that a layer having a
higher specific gravity, i.e. a fusion layer 2 is finally
produced. The change of granular material from a gas-
permeable state to non-gas-perﬁeable state depends on
degree of fusion. Since the temperature of the wall
portion 13 of the projecting metal mold half 8 is lower
than that of the wall portion 11, the granular material
£illed in the portion from the wall portion i3 to the
fusion layer 2 does not become the complete fluid state.
Eowever, particles of the granular méterial are melt-
bonded at their contacting portions, and finally, a
. porous layer 3 me1t4b;nded té the fusion layer 2 is
produced. Aithough the porous layer 3 is norﬁally gas-~
permeable, it becomes a non-éas-pgrmeable state by mixing
a méterial such as a binder.

Thus, the Jayer having a higher specific gravity and
the porous";ayer'having a lower specific gravity can be .
simultaneously and integrally produced.

According to experiments; it was found that a desired
temperature difference was 10°C or higher in order to

obtain the complete melting state or a semi-fluid state




high as 0.1 - 0.2 in conparison with a case of the forc RE;_{ES?"

type bearing

rise in the oil containing bearlng is relatively hlgh
of the oil containing bearing can be inproved by incregsijng
oil filmat the sliding surface. For fi s purpose, a

~stream of oil

having a friction coefficient of 0.02 - 0.p5

t
i's produced through a porous wall Wi t hou

portion 11 of the recessed metal mold half 7 and the
temperature of wall pdrtion 13 of the projecting metal
mold half 8 are set to be constant.

When the temperature of the wall portion 1l of the
recessed metal mold 7 is 150°C or lower, it is difficult

to obtain the fusing state of the granular material, and

on the other hand, when it is 240°C or higher, the '

melting state is too excessive whereby it is difficult to
obtain a mu;ti-layered structure. When the temperature
of the wall portion 13 of the recessed metal mold half 8
is 70°C or lower, a melt-bonding state of the particles
at.their eontacting portions‘does not occur and it is
difficult to melt-bond to each other. When it is 180°C
or higher, the melting stete of the.grannlar material
goes too far and it ie difficult to form.a porous layer.

When the diameter of the granular material, i.e.
resin particles is 0.2 mm or less, the bc:osity is too
small; so’ that the function of the porous structural unit,
e{gﬁ=aeoustic absorption characteristic, heat insulation
characteristic and so on is reduced. When the diameter
is 3 mm or more’, the aceustic absorption characteristic
is reduced although the heat insulating characteristic
can be improved. |

When a pressure applied by the metal mold is 1 kg per
cm? or less, melt-bonding of the granular material

becomes unstable. On the other hand, the pressure is

@ﬁ%@% o

causi ng reductlo
of the oil pressure has been studi ed. For instance, there

a method whert} ?rﬁPQHEQ%thbﬁPtFBﬁtthS BSEPFH@“P§ECB stFuYég by a

ed
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| ayer having pores of .a snmall dianeter and the oil retai
constituted by a | ayer having pores of a |arge dianeter.
| ayer having pores of a small dianeter is bonded to-the
‘layer. The lining Iayer prevents the oil pressure from dec ei5|n Sucﬁ"-
method is disclosed in, for instance,80fl|ess bearing" K99y

publ i shed by the AGNE,_P. 87). However, the proposed netfhqd has a m

that pores ard li@ROHJHAYRHE B GRIVIECII NG DTS LNl ¢
self-oil-feeding resistance fromthe ‘0i'l retaining |aye

layer becomeudd@iGRy in controlling temperature, and processability

is reduced.

When the granular material is heated by the metal
| mold for several tehs seconds or less; the melt-bonding

state becomes insufficient. On the other hand, when the
heating time reaches severa; hours, the melting state
goes too far and the boundary between the fusion layer
and the porous layer becomes unclear to thereby
deterlorate the characterlstxcs.

The thickness and the degree of gas-permeability (in
a rangeAfrom gas-permeability to non-gas-permeability) of
thé Eusidn layer to be fqrmed are changed by changing a
heating temperature and a heating time. Accordinglé, a
desired characteristic can be obtained by selegting the
conditions in order to obtain a desired poious structural
unit. '
[EXAMPLE 1-2 of the method of preparing a porous

structural unit]

In-the above-mentioned Example l1-1, the temperature
of the wall portion 11 of the recessed metal mold ha1§.7
was set to 150%C, and the temperature of the wall portion
13 of the projecting metal mold half 8 was set to 100°C.
As an ABS resin, sphefical partibles having a diameter of
1 mm which is a granular material of thermoplastic resin

' having a softening temperature of 86°C (GTR-40 (grade)

manufactured by Denki Kagaku Kabushiki Kaisha)) were put



wher eby i nprovenment - of the bearing |oad is not sufficient)
~hand, in accordance with the porous structural unit of th
i nvention, the dianmeter of pores in the porous |ayer for tihe

made m ni num EET -39 - at the surface portion of. the bdariing ap
di anet er of - | - 16 - - il

in the metal mold, and then the metal mold halves 7, 8

were closed. The distance between the wall surfaces 11,

13 was 10 mm. After the metal mold was heated for 20
minutes, the metal mold halves 7, 8 were opened;' A
pressﬁre-applied to;the metal mold while heating was 100
kg/cm?. Thus obtained porous structural'unit 1 is shown
in Figure 5. The thickness of the pbroué structural unit
1 was 10 mm; the thicknes$ of the fusion layer 2 was
about 1 mm, and the thickness of the porous layer 3 wés
about 9 mm.

[EXAMPLE 1-3 of the method of preparing a porous .

- structural unit]

In the above-mentioned Example 1-1, the temperature

of the wall portion 11l of the recessed ﬁetal mold half 7 .
was set to 180°C, and thé temperature'of the wall portion

13 of the projecting'metél mold half 8 was set to 130°C.
As an ABS resin, spherical particles having a diameter of
1 mm which is a granulaf.material of thermoplastic resin
having a soféening temperature of 86°C (GTR-40 (grade)
manafactured by Denki Kagaku Kabuéhik; Kaisha)) were put
in-the metal mold, and the metal mold halves 7, 8 were
closed. The dtstanceibetween the wall surfaces 11, 13
was 10 ﬁm.} In.this state, the metal mold halves 7, 8
were opened after 15 minutes have passed. A pressure
applied to the metal mold under the condition of heating
;as 100 kg/cm?. The thicknesé of thus formed porous

. structural unip 1 was 10 mm, the thickness.of the fusion



portiohJ Accordingly, the pressure of the oil filmcan ¢4 L1f
sui tabl e anbunt of oil can be retained, and excellent perf
obtained. (iv)Filter material The porous structural unit jo

i nvention can be used as a filter. ‘B}7u§|ng the structuje mhereln the '

di aneter of pores (porosity) is continuously changed, dugt
renoved in alS?@E'EUOH§ QBBGEerhh|%d3“HHH'EhﬁéHNESH[HH -l

clogglng, and
layer 3 was about 9 mm. In comparlng the porous
structural unit of the Example 1-2, it was found that the
fusion of the, surface of the'porous layer 3 is partly
accelerated and a skin layer of about 30 um was formed
As the granular material of thetmoplastlc resin, PP
(polypropylene), AS (acryl styrol), styrol and so on may
be used. As a binder to be mixed with the grahular
material of thermoplastie resin, methyl-eehyl—ketone.
(MEK), cellulbse, varnish, acetone may be used. The
bonding strength of the grahula} material of the porous
structural unit is increased and the mechanical strength
is increased.by spraying or mixing the above-mentioned
binder to the granular material. 1In.the above—mentioned
Examples 1-1, 1-2 and 1-3, the rav materxal was put unde:
the condxtxon that the temperatures of the wall portions
11, 13 of the high temperature and low temperature metal
mold halves 7, 8 were maintained constant. BHowever,
theqeépay be used for such a method that a raw material
is pht,in the metal-mold having the room temperature and
the temperature of metal mold is increased to a
predetermined {emperature during which a mpldésﬁaped |
product is removed. In such method, a porous structural
unit having.the'same qpality'can be‘obtained;
Experiments revealed that the temperature difference
between the high temperature and low temperature metal

mold-halves'could be smell, for instence 2°C. Of course,

EET



efficiency of catching the dust is . increased. A conpact sirggLhEsRERPACEMENT SHEET
filter unit can be forned by using a | ayer .having pores of ATt B
for the outside |layer of the filter. The porous structural
porous |ayer wherein the porosity (specific gravity) is cohtjn
changed can be utilized w dely by taktBg=an advantage thatf d cOi
shape and a conplicated material can be used. As the resi =
constltutlru;aﬂgaugmpggadaﬁuﬂdl:mmfeﬁbesvhayeagdap&naehgc shape are usea
in the ———= _
' ' conditions, e.g., a material to be used, tMe-.size and the =

shape of the material, a ratg_of EaiSing temperature in
the metal mold halves, a'pressufe épplied to the metal
mold halves and so on. -

In order:to.fofm a temperaﬁﬁre difference between'khe
.Qall portion 11 of the recessed metal mold half 7 and the
wall portion 13 of the projecting metal méld half.B, the
Qall portion 13 of the projecting metal mold half 8 may
be formed of a material 14 which is a low heat conductive
material such as PBT (polybutyiene terephthéiate):resin,
FRP (fiber reinforced plastics) or the like as shown -in

- Figure 6. The siie:of the metal mold halves 5r 8 can be
different although the material is the same. In short,
- it is sufficient that a predetérmined temperature |
difference can'be_témPOtarily or constantly given to the

) metal mold halves 7, 8 by selecting suitably the heat
capacity of the mold halvés and the calorie of the
-heaters which.depend on the kind and the size of the
material used. |
(EXAMPLE 2-1 of the method of preparing a porous
structural unigj |

A case of formzng the porous structural unit by using
the granular material of thermoplastic resin will be
described. In the same manner as the Example 1-1, the
temperature of wall portion 11 of the recessed metal mold

half 7 was set to a temperature higher than that for



above-nmenti oned Exanpl es. However, resinxpartiCIes of at REPBA
cylindrical

Thernopl astic resin particles with needle-Ilike projectiong gL
preferably used - 40 - because the needle-like projecfi: ns ar eﬁ@?ly
molten Further, in.order to reduce thel@erght of the por olus™ hol |

gr anul ar

form a cubic formor another suitable form myy e

naterlal produced by foam ng or

softening the granular material but lower than the
thermal.decomposition tempereture. The temperature of
the wall portion.l3 of the.projecting metal mold half 8
was around a femperature at which the granular material
is softened and which is lower than the temperature of
the wall portlon 11 of the recessed metal mold half 7.
Then, pacticles having a dxameter of about 0.2 -~ 3 mm as
a granular material of thermosetting resin such as
phenol, PBT (polybutylene terephthalete), PET
(polyeﬁhylene terephethalate) or'the like were put in the
metal mold halves 7, 8 together with a binder such as
cellulose, varnish and various adhesives in a mixed
state. The metal.mold halves 7, 8 were closed while
applying a pressure, '‘and were heated for several minutes
~ several hours. BHeating qpegatioes were carried out at
the above-mentioned set tempereture-for the metal mold
halves 7, 8, and a pressure applied thereto was 1 kg /cm? %o
several toné/cmz under the condition of heating.

:Then, thé granular material in contact with the wall

portion 11 heated at a higher temperature of the recessed

' metal mold half 7 was softened and was melt-bonded to

each other by the binder so that it became a layer having
a higher specific gravity. . The layer changes from a gas-
permeable state to a non-gas-permeable sfate depending on
a degree of the softening of -the granular material.
Since the temperature of the wall portion 13 of the

projecting metal mold half 8 is lower than that of the

MENT SHEET
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a foaming granular material may be used. Short fibers may be
resin-particles. Further, a thread- |ike thernoplastic resif -
incorporated as a binder. It was found that further excellent] 45 Jul 199
characteristics, especially the acoustic absorption charactdrijstic could be
obt ai ned by SU|tany sel ecting.the sh&® -and the | onger di arfetter— ' =d
granul ar material used for the porous unit. Description wll} be nade as

follows. Figure 17 is shomnn fl uctuation i e.vergical

i nci dence soHﬁ&laﬁgérb?PoﬁlcoE FlEFéﬁP 6 PF&@‘ééipFégl?a incktae iﬁ%@ t he

shape of graggggrtggtsgiflpégtlon 13 to the higher specific gravity
layer 12 does not become the compieté'fluid_state.
However,.the particles areAbonded to each other'by thé
binder at.their céntaéting portions and finally,'the
porous layer 3 bondea to thé higher séecific gravity
layernz is formed in one piece. Although the porous
layer 3 is normélly §as—permeable, it exhibits non-gas-
permeability when an amount of the binder mixed is much.
(EXAMPLE 2-2 of the method of preparing a porous
sﬁructural unit]

in the abdve-mentioned Example 2-1, the temperature

of the wall portion 11 of the recessed metal mold half 7
was set at 200°C, and the temperature of the wall portion
13 of the projecting metal mold half 8 was set at 150°C.
As a thermosetting resin, particles having a diameter of
1 mm of phenql resin (having'a softening temperature of
190°C, MW-752 (grade) manufactured by Meiw# Kasei -
Kabushiki Kazsha) were put in the mold together with 15
wt% of powder cellulose as a binder. Then, the metal mold
halves 7, 8 were closed. The distance between the wall
surfaces 11, 13 was 10 mm. In this state, the heating
operations were maintained for 25 minutes, and then the
metal mold halves 7, 8 were opened. A pressure applied
.£o the metal mold halves un&e: the condition of heating
was 150 kg/cm®. The thickness of the porous layer thus

formed was 10 mm, the thickness of the layer having a



changed. A curved-|ine Ais for a sanple made of a granul; raBED AﬁEMENESHEET

cylindrical formwherein the diameter is 0.8 nmand the IaREPﬁACE.'?f; gt

a curved line Bis for a sanple made of a . granul ar . mat eri 4l ; =a2ads,
formwherein the dianeter is 1 mm The thickness of thep
sanples is 10 mm and a frequency of-22AHz i.s .used to measfirk UHE“
absorption coefficient. In Figure 17, it is understood tha ho

ine B usi ngy i BEeaPRRLLeR cf 83L0:R8" g SHANYP dbaladd

“difference in rac erl tirc o es and’ ver y
of the porous layer 3 was about 9 mm. A granula;'

material obtained by coating a thermésetting resin with a
thermoplastie resin may be used. | - '
(EXAMPLE'S-I of the method of prebaring a porous
structural unit] o |

A case that the porous strgctural unit is formed by
using a material'including.particies other than the
above-mentioneq resin particles will be.described.

Figure 7 is a cross-sectional view of metal mold
halves 7, é in a closed state wherein a material
including two kinds of particles are filled in the space
12 formed by the metal mold halves.

First, iron particles 15 having a longer diameter of
about 0.2 mm was filled in the recessed metal mold half 7
so that the thicknéss.qf'the iron particle layer is about
1 mm. Then, ABS resin particles 16 having a longer
diameter of about 1l mm (which is the same as that-used in
Example 1-2 of the method of preparing the porous
structural unlt).were filled so that the thickness of the
ABé resin layer is abouﬁ_z mm higher than the height (10.
mm) of the clofed space 12. The projecting metal mold
half 8 (Figure 7 shows a-fiat metal mold half) was
assembled in a close~contact state to the recessed metal
mold half 7, whereby the layers of the iron particles 15 .
and the ABS resin particles 16 are compressed to thereby

form a packed layer comprising different kind of



reason is that a granular material in a spherical formc
wi th anot her at only one point and REPLACENMENT SHEET
state of the |layer of the spherical particles is unjforn]ip-t !
Thus, using spherical (or elliptic) particles, h further

preferabl e porous structural unit can?%e “obtained in a 15 JUL 1999

product .

‘particles in the closed space 12. Under tie above=

REPI

. mentioned conditions, the temperature of the recessed

metal mold'half is raised to 86°C higher than a
température wpichlcauses softening'the ABS :esiﬁ
particles, more specifically 150°C, and the tempetatute-
of the projecting metal mold half is raised to 100°C.
Then, the both metal mold halves were heated for about 20
minutes. Since the melting point of the iron particles

15 is about 1,500°C, and the shape of the iron particles

~ is kept as they are. On the other hand, the wall portion

11 of the recessed metal mold half 7 is heated at a high

‘temperature, and therefore, the iron particles contacting

thereto are also heated at a high temperature.
Accordingly, the ABS resin particles 16 in contact with
the iron particle layer aré molten and the molten ABS
resin particles floy to surround the iron particles 15.
Thus formed porous strﬁctural unit had its thickness of
10 mm wherein the fusion layer 4 in which the iron

particles 15 are mixed had its thickness of about 1 mm

- and. the porous layer 3 had its thickness of about 9 mm.

The layers were intégtally formed to form a laminated
body. The specific gravity of the fusion layer 2 is the
same as that of the ABS resin, i.e: 1.0S gr/cc when it
does not contain the irgﬁ particles. However, when it
includes tﬁe iron pgtticles the specific gravity of only
the fusion layer was 44 gr/cc as a result of measurement.

In case that the porous layer of the porous



.case that stableness in the characteristics anong sanpl es is {R&g
Further, it was found that the acoustic absorption characterifstftt
on the longer diameter of a granular nmaterial. Figure 18 is fa i
showing the relation of the |onger dianmeter of a granular majef
sound absorption coefficient of a prod&t-forimed by using the &
material. The thickness of a sanple is 10 mmand a frequenc
measur ement istdidédralVeri g Hs dissbtes ofsdured grizsot it L omt
small or too large, it is difficult that sound waves enter~into °
- " and the fusion layer is used as a sound insulation

material, the sound inter;uptioh characteristic of the
sound insulation métefial is increased as the specific °

."gravity is large. Acéordingly, ﬁhe porous structural
unit obtained in this Example has excellent sound
interruption characteristic. In the conventional method,
it was necessary to increase the thicknesS-of the
material or to attach a metallié material such as an iron
plate in order to increase the sound interruption |
capability of a_lighﬁ materiai in specific gravity such
as the ABS resin. 1In accordéncg with the method of the
present invention, however, the pﬁrous structural unit
w}th the fusion layer having a specific gravity further
higher than that of the porous layer by incorporating a

" material having a high specific gravity at a portion to
be fused. -

Although the iron particles are used for particles to
be mixed with the resin particles, the same effect can be
obtéﬁned'by using particles of another metal, glass or a
maEefial having a higher specific gravity.

Further, dgscription has been made as to improvement
of sound insulation characteristic. However, in order to
obtain good electrcmaghetic.shielding effect or heat
conducting effect, a material su&h as aluminum effective
to electromagnetic shielding may be incorporated.

Further, glass fibers may be incorporated in the resin



the porous material, or the inherent acoustic inpedance of th
mat eri al does not coincident with the inherent acoustic inped
thereby reduce the sound absorption coefficient:" Wth respect]t
it was found that the acoustic absorption characteristic cou
by detern1n|ng t he | onger di ameter of the- granul ar material t
range of 0.2 - 3.0 mmfor practical ,use, preferably, 1.0 - 2 +

Exanpl e of tHEabB%ﬁhgss%PUEFGFéltBnFFP5€EErBVﬁgSFSePﬂéhsegoﬁBelﬁV%H?ﬂon _

wll be descrlbed Thg porous structural unit conprises a porous Iayer
wherein - layer an he porous layer. :

In the above-mentzoned Examples 1-1 through 3-1, the

'grénular.mategxal is molded by the application of
pressure and heat wherein a temperature difference is
given to the first and second metal mold halves to
thereby produce the porous layer and the fUSlOD layer or
the skin layer. However, it is possxble to form a porous
structural unit having such layere even by'pressing the-
netal mold halves after the heating. This will be
described hereinbelow. _ .

At first, a small compression force (1 kg/cm? or
lower) is given to the metal mold halves whereby
particles are closely contacted. Then heat is applied
thereto. In this condition, it is difficult to form a
fusion layer or a skzn layer even though there is a
temperature dxfference between the metal mold halves, and
only po:ous layer is produced. When the porous layer is
compressed under the condition of heating which is near a

-.famperature at the time of the completion of molding, a
deformation by comoression'or deion of a high

- temperaturey portion of the porous layer is accelerated,

- whereby a non-gas—permeaole layer or a high specific
gravity layer is formed in the porous layer. On the
other hand, a low temperature portion in the porous layer
becomes a low specific gravity layer in which a multi-

cellular layer is maintained. The granular material can



the specific gravity is continuously changed in the REPL ‘i—~a%§§§;_~f—7
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be mold-shaped in the same manner as the above-mentioned

by.utilizing a shear stress force due Lo a rotating or
reciprocating movement of the meEal mold other thaﬁ the
application gf pressure. :; |

[EXAMﬁLE 4-1 of the method of preparing a porous
structural unit] o

Now, description will be made as to a case that a

porous structural unit of a cylindrical form is molded by

using a granular material of thermoplastic resin as a raw
‘material. | | |

Figure 8 is a cross-sectional view of a metal .mold
for explaining a method of preparing the cylindfical
porous sttuctﬁral unit. A reference numeral 31 is a
.cylindrical metal mold made of aluminum, and a numeral.32
designates a core metal mold in a round rod shape of
aluminum. The later hés.two portions hééing different
diameters as shown.in Figure 9. Numerals 33, 34
designate covers or plugs of aluminum which are fitted to
both.ends of:the.chiﬁdrical metal mold 31 and habg
apeﬂings at their central portion to allow the core metal
moid 32 to pass therethrough. A closed space in.which
resin particles 35 are filled is formed sy the
cylindrical metal mold 31, the core metal mold 32 and the
covers 33, 34. In.the metal mold having the construction
described above, the core metal mold is inserted in the
cylindrical metai mold 31 so that the closed space is

formed at the small diameter portion of the core metal



as a raw nat

| ayer can be gas-perneabl e or non-gas-perneabl e dependi ng on
fusion. Wien a thernpsetting resin particles are used as a-maj ¢
solid layer, the solid |ayer beconmes a | ayer having.a higher pp cilfd eve w.»

gravity because the granular material 28s-softened and is bonded with a . -

erial for the solid layer, it becones a fusionil ayperp

binder. In this case, the solid |ayer can be gas- per neabl e; or{ non- -

gas- per neabl
material. (i

folgPga, yndh, *cHEIEETLE" o' BS 19" \RRIIALS! 2hP MR R—
particles 35 are filled in the closed space defined by
the cylindrical metal mold 31, the cote metai mold 32 and
the cover A 33, and thereafter, the cover B 34 is fitted
to the cylindrical metal mold 31. Experiments by the
inventors of this appliéétion reveéled that a compreséidn
force to the resin particies 35 can not be uniformly
increased even by filling resin pafticles 35 ia volume
which is larger than the volume of the closed space and

by closing the cover B 34. Namely, although the resin
particles 35 near the cover B §4.receive'a compression
force by a bridging functibn of the particles when the
distance in the directioﬁ_of compression is long, the
compression force canjnot be transmitted to a portion far

from the cover B 34. In a case of the metal mold having

a substantial length as shown in Figure 8, the

compression force in.the axial direction is only 1 kg/cm?
or lower. Further, a distribution in compression .force
in the longit;&inal diréction rapidly changes whereby it
is difficult to control the compression force.
Accordingly,.in this embodiment, the resin particles was

filled so that.ithe compression force at the time of

closing the cover B 34 is 1 kg/cm? or lower.

The inner diameter and the outer diameter of the
cylindricalimetal mold were respectively 40 mm and 60 mm,
and the outer diameter portions of the smaller and larger

diameter portions of the core metal mold were



struct ur al
i ndi cate a
structural
| ayer 2 of
| ayer of Ex.
the directi
portion (lo
that the po

unit wherein curved.|ines (Ex 1-2 and Ex. 1‘w
relation of the porosity (% to the thicknesg
units prepared according to Exanpl.es 1-2 andij1y3.

the porous structural units 27 s= non- gas- perne«ble us e
nitausl.y. changed

1-2 is so formed that the porosity is contj

‘
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surfaces of the covers A, B-was 200 mm. An ABS resin
partlcles havzng a dlameter of 1. 7 mm were fllled in a
manner as. descrlbed before, and the metal mold was heated
for about 1 hour in an electric furnace having an
atmospheric temperature of 220°C. The heat capacity of
the core metai mold was determined to be smaller than
that of the.cylindrical metel_mold, and the resin |
particles near the core metal mold weré heated at a
temperature higher than that near tﬁe cylindrical metal
mold. After a porous layer of the resin particles was
formed by heating, the metal mold was removed from the
electric furnace, and the core metal mold was drawn ie
the direction of arrow mark as shown in Figure 8 before
the temperature of the metal mold decreased. It was
found that during the drawing of the core metal mold, the
porous layer was compressed_in its radial direction due

to gnehexpan§ion of the diameter of the core metal mold,

whefebf the porous layer in contact with or near the pore

metal mold heated at a high temperature was formed to
have a high speeific gravity, and a porous structural
unit having a distribution of specific gravity changing

in the direction of the thickqess cou}@ pe obtained in

™ the same manner as the above-mentioned Examples 1-1

through 3-1. It was further found that a shear stress

was applied to the surface portion of the porous layer

I

_E’_‘toft hs, surtdce

: _ . “so-far ned
"R8khY d31d was 23 mm. The distance between the inner end



-43- continuously changed in the direction of the t hi cknes
porosity is greatest at the central portion of the poro RErH
porous layer is low at the surface portion (|low tenperat
the porosity at the surface portion is_between the greatg
porous |ayer 3 and the porosity of t ne2Busi.on | ayer 2. Thi$ ¢
~partially fused skin _ '
owing to a frictional force produged betwee
metal moid and the porous layer by causing a_reciprocal
movement of the core metal mold in the longitudinal
directioq énd as a result, the.porous structﬁral unit
- having its surface with a high séecific gravity could be
obtained. |
It is clear that a distribution of specific gravity
can be formed in the axial direction by using a core
metal mold having a tapered diameter. |
In the above-mentioned Exaﬁples 1-1 through 4-1,
resin particles having a tubular form, a cylindrical
form, a cubic form or other desired shape may be used
other than the resin particles having a spherical form.
ghezmoplastic resin particles with needle projections are
preferably used as a granular material because the needle
pquections afe easily molten. In order to reduce the
weight of the porous structural uﬁit, a hollow granular
_material.o: a foamed granular material may be used as a
taw.mgterial.‘ furtﬁe:, short fibers may be incorporated
as é?féinforcing material, or a thread-like thermoplastic
résin ﬁéte:ial may be incorporated as a binder to the
resin particlegs
In order to chénge the specific gravity of the porous
layer in thé porous structural unit in the direction of
- the surface of the porous layer, the temperature of the

metal mold at the low temperature side should be changed

~in the above-mentioned direction of layer surface. The



| ayer 4 is forned. Wen the sane material is used, the s

struct ur al

| arge as the porosity is small. (ii)Characteristics of |
unit \Wen a porous structural unit is used forf g spgng)_
absorption material, the acoustic absorption characteris iq becones1%?y
df

probllem Figure 21 is a diagramfor ¢t aring the vertic

absorptlon coefficient wherein the verti cal
i s obtai ned $mGGGCQqunGELhytbfthbebgéoteenenflbhcdgﬁﬁ@um.

%m%ﬂ% il SHEE
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I nci dence so nd absorptlon r at
STA™CTH Vud
1-2 is for the porous structural unit having a thickness of 10 mMm
facing a hther temperatuce portion of the low :

temperature side metal mold becomes lacge, and the
specific gravity of the pottion facing a lower

temperatute portion ofrthe metal mold becomes small.

Since the above-mentioned method provides a molded.corous'
structural unit having a one-pxece structure, a porous
structural unxt having a- compchated shape can be easily,
obtaxned by using a metal mold having the shape

corresponding to the porous structural unit.

In accordance with the method of preparing the porous
structural unit of the invention which comprises a
‘'step of putting a material including resin particles in a
space formed by first and second metal mold halves, a
step of imparting a temperature difference between the
first and second metal mold halves, a step of pressing
the material with the metal mold halves and a step of
heating at least one of the metal mold halves at a
temperature sufficient to softening the resin particles,
a leyer having a tigher specific gravity at the high
temperature side of the metal mold halves and a porous.
layer having a lower specific gravity at the low
temperature side can be simultaneously.and integrally
mold-shaped. Accordingly, a-porous structural unit
having portions whose specific gravities are different

and having a complicated shape can be obtained with a low



prepared according to EX 1-2 and a broken line is for a conveﬁEPkﬁEﬁMENTSHEET |

porous structural unit having a thickness of 10 nmm i n whifgh

is used for a sound absorption material. It is-found fro bﬂ(&%ﬁﬂ$f'
.the vertical incidence sound absorption coefficient of tHe por
structural unit forned by the method~of9Ex. 1-2 had the
equi val ent to or superior to that of t he conventlonal unijt ;

di agram’'showi ng the verti cal i nci dence
cost.

Further, in accordance with the invention; the
specific gravity of the surface portion of the maEerial
at the high t@mperatute side cah be easily increased by'
the épplication of a compréssion force or a sheéring
stress to the materiai including the resin particles
while or after they are heated. |

The porous structural unit thug formed can be used in
various ways. For instance,'the layer having a higher
specific gravity can bé used as a structural Sody such as
an outer frame for a machine. It reduces the number of
structural elements,.the number of assembling steps and
so on. The porous sttucéuraI unit of the present
invention has high utility. For instance, it is l
p?eferably used for an acoustic absorption material, a
heat insulation material, a sliding bearing, a filter
unit and so on. |

In accordance with theé preseat invention, since the
firéﬁgahd Secbnd metal mold halves have different heat
capéﬁifies, a temperature difference between the both
mold halves can be';ffectively produced.

Further, in accordance with the present invention,
the bonding force between resin particles in a granular
material can be strengthened by.inéorporating a binder in
the material including the resin particles, whereby the

mechanical strength of the porous structural unit can be

. improved.



-44- sound absorption coefficient simlar to that . of Figur

lines Ex. 1-2 and Ex. 1-3 are respectively for the porous {8
with a porous |layer having a thickness of 10 mm whi.ch arejf
accordance with the nmethod of Exanple 1-2 and 1-3. In Figpr 3% gy
why. Ex. 1-3 shows a good result seerms 3hat the porosity aj fhe sur
“portion is suitably provided. (iii) Effect of skin |ayer S

' A foamed granular material or a hollow gLaaulap

pophies

material can be used as a raw material, whereby the
weight of the poréus structural unit cah be réduced.

Further, by changing the specific gravity of the
porous layer in the directién of the thickness or the

. surface of the porous lafér, the characteristics, i.e.
- the acoﬁst;c absorption characteristic of the porous
structural unit can be further improved.
[ characteristics of the porous layer of the second
invention] _

Various characteristics and épplications of the
porous layer in a porous structural unit wherein the
.specific gravity of the porous layer is continuously
changed -in the direction of the thickness or the surface
of the porous layer will be described.

(i) Acouétic absorption characteristic

| Figure 10 is a diagram shoﬁing_a distr;bution'of
porosity (specific gravityi of each of the porous.f
structural ugits in the direction of the thickness of the
péiéus’structural unit (which are substantially
coﬁstituted bf.porous layer) which have a_thickness of 1¢
mm formed in agtordance with the Example 1-1. .

In Figq;e 10, curved lines A and C show that each of
the porosity is substantially uniform in the direction of
the thickness, and that respectively have a porosity of
about 25% and a porosity of about 10%. A curved line B
shows that the porosity is distributed in the direction



Description will be made as to clarlflcatlon of a pheno- Al N HENT SHE

opti mum t hi ckness of the skin layer. An ABS resin was usgd [a

material for the porous layer, and a sanple of the porou 1AV I

t hi ckness of 10 mm was prepared in atcdtdance with the thod of the

above-nentioned Exanple 1-1. Figure 23 is a di'agram show

measurenent gf gHe ehBEKAOSS| 2Ad0EhbPE PREESEhY pb:bbecyaaahem@@@sfygure

24 is a diagramshow ng a relation of - :
changes within a-range of 10% -25%. When these porous

' sﬁfﬂctural units are used as an acoustic absorption
material, thgir acoustic absérption characteristic is the
most important factor.

Figure 11 shows a result of measurihg the vertical
incidence sound absorption éoefficient of three samples -
having respective porosity digtributions as shown in
Figure 10 in accordance with JIS Al405 "A method of
measuring the verticgl incidence sound absorption
coefficient of materials for buildings by a pipe method".
For thé s#mple of the curved line B having a distribution
of porosity in the direction of the Ehickness, the side
portion having a porosity of 10% is used as a surface for
£eceiving sound waves. .

As is clear from ?igure 11, it was confirmed that the
sample (curvéd B) having a distribution of porosity
exhibited the best sound absorption coefficient.

The reason why the porous layer having -a distribution
of porosity shows good regult is considered as follows.
In fhe method of measurement ruled in the above-méntioned '
JIS, a hard wall 36 is used for the back surface for a
test p;éce (a porous étructural unit) 44 as shown in
"Figure 12.'“Accordingly, when sound waves 37 enter into
the porous structural unit 44, a speed of particles of
the sound waves 37 becomes 0 at the hard wall surface 36.

The particle speed becomes large near the incident



the vertical incidence sound absorptlon coefficient to frequendﬁﬂﬂﬂ@f@fNTSHEEr
the 'side having smal|l porosity of the porous material isf _ op—. _
surface for receiving sound waves. As is 'clear formthe PHdasi '1ﬂﬁ§_m4-

showed the greatest sound absorption coefficient at a |l o frequency of 40
Hz wherein the greatest sound absOrpTﬁ%h coefficient exceeded SN viBdEH i

an excel | ent ACEMENT SHEET .
surface which is away from the hard wall sur acE=I,~dmd

the gréatesE pacticle speed is obtainable at the incident
surface 38. The ptinciple that sound waves are absorbed
is as follows,. During the propagation'of sqund waves in
thin gaps.in the porous structural ﬁnit 44, an acoustic
energzlis converted into a heat energy to'be dissipated
by the'effgct of viscosity to the wall surface. On the
other hand, the effect of viscosity becomes rémarkablg as
the particle speed becomes large, and the porosity at the
inéident surface of'the porous body largely affects the
acoustic absorption characteriétic of the entire portion.
As described above; as thg porosity becomes small,
the gaps in the porous unit 44 becomes thin, whereby the
.effect of viscosity becomes large. Howevér, when the
porosity is too small,-it is difficult that the sound
waves enter into the porous unit 44 and the sound
absorption coefficient decreases. In Figures 10 and 11,
it is undersﬁood'that the porosity of the sample of the
curved line A is too large and the porosity of the sample
of'?he'curved line C is too small, and accordingly the
optimﬁm effect of viscosity can not be obtained. The
sample of the curved line B shows that the surface for
receiving sound waves (the position to obtain the
greatest particle speed) of the porous unit 44 has the
optimum porosity, and inladdition, the porosity.becomes
large toward the hard wall side, whereby it is possible

that the sound waves enter into the innermost portion of



- 45 - characteristic.. A rupture cross-section of the sanplfe wa

with a mcroscope to exami ne the porosity of the surface for rqgEgs
sound waves. As a result, a skin |layer of substantially non-ggd&Eges
havi ng a thi ckness. of about 30 [err]m at the surface portion wg
above-nmenti oned phenonenon will be désefti bed with reference to
nodel as shown in Figure 25. The acoustic inpedance (denoted by

7)) of the potS&s PGS Wt (M 9 Lhegaby RrPvide hexestL8REnac

absorption characteristic.
Description will be made as to impro&ement in the
_acoﬁstic absorption charactéristic by changing the
porosity (specific gravity) in the direction of the
~surface of the porous structural unit. Figure.la is a
diagram showing that the porosity of three kinds of
sample changes. The porosity reduces in the order of
curved lines A+B+C. The acoustic absorption
characteristic of each of the samples is shown in Figure

14. In Figure 14, when the porﬁsity at the surface of

receiving sound wave is made small (which corresponds to
the curved line C), the sound absorption coefficient at a
ldw frequency region can be increased. Accordingly, good
Iacoqstic absorption characteristic can be obtained in a
broad range of frequency band regions by forming a
distribﬁticn of the porosity in the direction of the
surface of the poroﬁs éttuctural unit.

. The acoustic absorption characteristic of a porous
strdctural unit having a thickness of 10 mm will be
described.

Figure 15 is a diagram showing distributions of the
porosity of three samples, and Figure 16 is a diagram )
showing the vertical incident sound absorﬁtion
coefficient of each.of.the samples. These Figures show
that the acoustic absorption characteristic of the porous

structural unit having a thickness of 100 mm exhibits the



equation (1): Z = r[err] + [err] + [err] + [err] whergz ';:vﬁEP ACEMENTSHEET
acoustic resistance of the porous layer 3, [err] s a'%”ﬂﬂﬂﬂﬁﬂ"'J
nMerr] is the inertance of air of the porous Iayer 3

of the porous layer 3, p* is equivalent_ density of ai n th Q[ s
SRR

i"é
D
(72}
(72}

3, C* is equivalent sound speed of atr3%m the porous
surface density of the skin layer 4. In order ‘to obta awLLeunnm
VRA¥Engtle

the sound ahsiqtian GepfikebenteddsaPenkhBodbast GalL

. thickness of 10 mm. Namely, the porous unit having a

thickness of 100 mm exhibits good acoustic absorption
characteristic as the pofosity becomes émall toward the
hard wall.sidg (curved line C). The reason is considered
as follows. |

In the porous unit having a large ﬁhicknesg, a
distance for passing sound waves is long-and the sound
waves are reflected during'propagation} Since the
écoustic absorption characteristic is impéoved by

N Eeducing a quantity of reflection, a good result is
obtainable by eliminating this continuity between the
inherent acoustic impedance (the product of the density
of air and a sound speed) of air through which sound
waves are passed to enter the porous unit and the
acoustic impedance of the porous unit. Namely, ﬁhen the
thickness of the'porous unit is large, excellent acoustic

- absorption characteristic.is obtainable by slightly
inc:gésing the porosity of the porous unit facing air to
theééﬁf"adjust the acoustic impedance of the porous unit
to the inherent acoustic impedance of air and by reducing
gradually the gbrosity toward the hard wall side.

It was confirmed that the optimum distribution of the
porosity'of the porous unit changes depending on the
thickness and that excellent-acoustic absorption
characteristic can be obtained by forming the porous unit

to have a continuous change in distribution of the



conpl ex conponent in the equation (1) has to be 0. The ﬂLQQHEﬂBEELMNﬁWE@LSHEET

obt ai nable fromthe follow ng equation (2). [err]. REI

46- Since the surface density mof the skin Iayer i.s fal =

|nertance nferr] of- the porous Iayer the o _ 18 15JUL1999
porosity.

(ii)Heat insulation ahd heat retaining characteristic

The porous structural unit has been used.as a bheat
insulation miterial;'_It is well known that the porcus
unit is used to_insﬁlate heat or keep warmth. because air
contained in fine gaps in the porous unit tranéfers very
small amount of heat by convection and the surface area
to transmit heat of a solid which is a part of the porous
unit ié small'whereby heat conduction ability is low.

However, the porous unit is strongly influenced by
heat radiation, which substantially determines the heat
insulation characteristic of the porous unit. In order
to reduce heat conduction by radiation, an aluminum layer
was attached to the surface_of heat insulation material
to prevent radiant rays from entering in the porous unit.
However, in the cénventional technique, productivity was
poor and there was further problem of a short lifetime
due to the peeling-off of the aluminum layer. Further,
‘there. has been proposed to reduce the porosity of the
pb;gﬁsfnnit to thereby improve heat conduction by
radiation. However, when the porosity is made small, the
heat conductiod becomes large, and accordingly, it is not
effective to improve heat insulation-heat retaining
characteristic as a whole.

In the porous structurél‘unit according to the second
invention, the porosity (séecific gravity) is changed. A

degree of changing the porosity can be selected as



frequency f at which the greatest. sound absorption coefficien
obt ai ned can be greatly reduced to a | ow frequency regi on by for{

skin layer, as is clear fromthe equation. Since the sound gb orbﬁkg&
coefficient of the porous lLayer is low at a |ow frequency repfi éa._the
provision of the skin layer is effecti¥® 10 inprove the charfacteri stiftnme.. '
Al t hough it has been well known to obtain such effect by provich i
layer, thereqBascBacaebeadinghahn hl@.atgakl nAbebeaihglgt,teaaedntto chhg p
material . Al though reduction’of the frequency for obtaining the greatest

- sound absor ptaANbeoghte@ir@pted at the surface portion and heat

conduction can be small by making the.porosity'sméll at
the area near, the surface portion and by making the
porosity'large in the poroﬁs-unit.' Thus, 4 porous unit
having excellent heat insulatidn-heat retaining
characteristic can be obtained.

(1ii) o0il ?ontaining.bearing (sliding bearing)

An oil containing bearing is formed by impregnating a
lubricating o0il in a porous material and adapted to
supply oil Qithout the_hecessit& of an extetnal supply of
oil. Further, it is inexpensive. Accordingly, it is
widely used in a field that a load to the bearing is
small., | '

. Generally, in a forcibly oil-feeding type sliding
bearing, an oil pressuﬁe of about 20 kg/cm? is produced
in an oil £ilm at the sliding surface when a shaft is
rotated; this :aiseé the shaft and there occurs a so-
called coéplete lubrication (liquid lubrication) wherein
the: shaft does not diréctly contact with the bearing.

' On the other hand} in the'oil containing bearihg,
even when an oil pressure is produced, a part of the oil
pressure escapes outside through the pozous’wali of the
bearing to';hereby reduce the oil pressure, whereby a so-
called boundary lubrication wherein the shaft is locally
contact with the bearing is_perfozmed. Accordingly, the

friction coefficient of the oil containing bearing is as



can be attained by attaching the skin layer to the porous nater'alégb@ﬁENTSHEET

absol ute val ue of the sound absorption coefficient is r ed t&
| ower. The reason can be considered as follows. The ac @&#@@;ﬁf:
the frequency region to obtain the greg est sound abso p“ﬁ&& i3]
expressed as follows fromthe equatiOn %1f Z =rf[err] [

when rferr] pC (where p_and C are respectively the
speed of a|?)$‘tﬁ§ Qobind %b%o%bt?%%°é6é§?ﬂcféﬁ?

foccibly oil- Eeeclnq type bearing having

e_Z at

coefficient of 0.02 - 0.05S. The temperature fise ia the
0il containing bearing ié rela;iQely high. |

The allowable load of the oil containing bearing can
be improved by increasing the pressure of oil £ilm at the
sliding surface. For this pﬁrpose, a method wherein a
stream of oil is produced through a porous wall without
causing.reduction of the o0il pressure has been studied.
%6: instance, there has been proposed a method wherein:
the surface portion of a bearing is constituted by a .
layer having pores of a small diameter and the oil
reﬁaihing portion is constituted by a layer having pores
of a large diametér. Namely, a lining layer having pores
of a small diameter is bonded to the 0il retaining layer.
The lining layer pfévents the oil pressure from
decreasing. Such method is disclosed in, for instance,
“"oilless bearing" (by Kawasaki, published.by the AdNE, P.
87). However, the proposed method has a problem that
pores are discontinuous at connecting portion of the two
layérs' aqd a self-oil-feeding resistance from the oil
‘retaining layer to the lining layer becomes large,
whereby improvement of the bearing load is not
sufficient. |

On the other hand, in aceordance with the pordus
structurai ﬁnit of the " invention, the diameter of

pores in the porous layer for the bearing is made minimum



resi stance at the bonding portion between - 47 - the séj“

porous nmaterial. Wen the conponent of resistance is inse
t he acoustic resistance of the porous material, the above-
equation r[err] = pC can not be satisfi¥€d-and fluctuation}

characteristh may result due to . . . . L.? -
at the sucface poction of the bearcing and the di ec of

: pmares

the pores is made continuously or gradually incTeased
toward the bottom portion. Accordingly, the pressuce of
the oil film can be increased, a suitable amoun:t of oil

can be retained, and excellent performance can be

obtained.
(iv)Filter material

The porous structural unit of the invention

can be used as a filter. By using the structure wherein

the diameter of pores (porosity) is continuously changed,
_dust in air can be removed in a continuous manner .while
reducing a possibility of causing ciogging. and
efficiency of catching the dust is increased. A compact
. single body type filter unit can be formed by using a
layer having pores of small diameter for the outside
layer of the filter.
| The porous structural unit having a porous layer
wherein the porosity (specific gravity) is cbntinuously
changed can be utiiized widely by taking an advantage

that a complicated shape and a complicated material can

be used.

As the resin particles for constituting the porous
layer, particles having a spherical shape are used in the
above-mentioned Examples. However, resin particles of a -
tubular form, a cylindrical form, a cubic form or another
suitable form may be used. Thermoplastic resin particles

with needle-like projections can be preferably used



unst abl eness derived fromthe bondlng of the both materials.. (AR ATET I e
hand, the present invention eliminates the above-nentioned grg TR WY

mol d- shapi ng the skin [ayer and the porous |ayer in one plese; Seyeral
porous structural units were prepared.by changing the thICk‘duS O?W@Heﬁgg
| ayer, and sound absorption characteri &4 ¢ was exani ned f orff kO

porous structural units. As a result, when the thickness of L
exceeds 100 [R8534Re tHe skeedl etk @ cP5oa8chhorFadrRr: eRg)dy TadES

but not mass, ur(%er, in order to reduce the weight of the porous
| layer, a hollow granular.material produced by foaming or
a foaming granular material may be used. Short fibers
may be mixed with resin particles. Further, a thread-
like thermoplastic resin may be incorporated as a binder.
It was found that further excellent charaéteristics,
especia;ly the écoustic absorption characteristic could
be obtained by suitably selecéing the shape and the |
longer diameter of the granular materiél used for the
porous unit. Descriptién will be made as follows.
Figﬁre 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient of five
samples in a case that thé shape of granular material is
changed. A curved line A is for a sample made of a
granular material of a cylindrical form wherein the
diameter is 0.8 mm.and the length is 1 mm, and a curved
line B is for a sample made of a granular material of a
_sphgrical_form wherein thé diameter is 1 mm. The
thiéﬁﬁéss of the porous layér of the samples is 10 mm and
a frequency of 2 KHz is used to measure the sound
absorption coefficient. 1In Figure 17, it is understood
that the curved line B uéing the spherical resin
partiClés shows that there is .a small diffeience in the
=~ characteristic of the samples and very stable. The
feason is that a granular material in a spherical form

comes to contact with another at only one point and



frequency corresponding to the greatest sound absorption coeffigi t '
on the contrary. Accordingly, it was found that 100 [errlr LgaggA@g&Eﬁ?SHEET

appropriate. So far, the porous structural unit having
structure has been described. However, a porous -structurg
three or nmore |ayers may be used. Figudd 26 is a Cross4sq
porous structyral unit 1a having a three-|ayered struc,ul
a skin |ayer HeLRIRFGLNS RN a‘?ié BhRohaygs- OfeFheapPR

' . S laminated structyre of th
ggfglrjlsbed befpoarreﬁicsll.enscexst rl.xem. A S RL aSidLg proéu Je

\/

~

preferable pgrous structural unit can be obtained in a
caée that;stableness in the characteristics among samples
is required.

Further, it was found that the acoustic absorption
characteristic depended@ on the longer diameter of a
granular material. Figuré 18 is a diagram showing the
relatién of the longer diameter of a granular material to
the sound absorption coefficient of a product formed by
using the granular material. The thickness of a sample
is 10 mm and a frequency used for measurement is 2 KHz.
When the diameter of the granular material is too small
or too-large, it is difficult_that sound waves enter into

- the porous material, or the inherent acoustic impedance
of the porous material does not coincident with the
inherent acoustic impedange of air to thereby redpce the
sound absorption coefficiént. With respect to Figure 18,
it éaé:found that the acoustic absorption characteristic
could be improved by determining the longer diameter of
the granular material to be in a range of 0.2 - 3.0 mm
for practical dse, preferably, 1;0 - 2.0 mm.

Another Example of the porous structural unit
according to the second invention ﬁill be describe@. The
porous structural unit comprises a ﬁorous layer wherein

the specific gravity is continuously changed in the
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non-gas-perneabl e solid layer 2 is excellent sound shielding materia _

porous structural unit can be used as a structural materig
function of sound absorption and sound shielding. Wen it,
I nsul ati on heat retaining - 42 -

SHEET - 48 - layer 3 has excellent sound absorption characteristiﬁEpﬂméE
R
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direction of the thickness or the surface oE;t

g

and a solid layer having a porosity smaller EﬁiﬁT?ﬁwfheém-_*_}
the porous layer and a specific gravity greater than the
pofohs layer,, the porous layer and the solid layer being
- laminated, When a thermoplaétic resin particles are used
as a raw material for the §olid layer, it becomes -a
fusion layer. The solid layer can be gas-perme;ble or
non-gas-permeable depending on a degree of fusion. When
a thérmosetting resin particles'are used as a material
for the solid layer, the solid layer becomes a layer
having a higher specific gravit} because the granular
matefial-is softened and is bonded with a binder. 1In
this case, the solid layer can be gas-permeable or non-
gas—-permeable depending on a degree of the softening of
the granular material. )
(i) Porosity_

Pigure 20 is a diagram showing the porosity of a
mold-shaped porous structural unit wherein curved.lines
(Ex,.-1-2 and Ex. 1-3 reépeqtively indicate a relation of
the-porosity (%) to the thickness (mm) of the porous
stfuctural-units prepared according to Examples 1-2 and‘
1-3. The fusiop layer 2 of the porous structural units
is non-gas?permeable. The porous layer of Ex. 1-2 is so
formed that the porosit} is continuously changed in the
direction of the thickness, and the porosity is greatest

at the surface portion (low temperature side) the porous

layer 3 of Ex. 1-3 is so formed that the porosity is



material, the skin layer 4 serves as a radiant ray insul ati ng RERLACEMENT SHEET
porous | ayer 3 serves as a heat conduction insul ating mater ifgEsand

solid layer 2 serves as a casing for a machine to be recei v¢u¥Phi
Figure 27 is a diagram showi ng anot her enbodi ment of the pof ofis-
unit Ib wherein a solid layer 2 is sanfi#i ched between two

2Ll type St ey end B LA RuR! RAFRE Foa BE LR |
shovi ng an enhodi (R0t 914 Dy SpEngc d5edS0I ¢ URY 88nLDg1 o)

t he _
the porous layer 3 while the porous layer is low at the

surface porti?n {low tgmperature side). Namely, the
 porosity at the surface portion is between the.greatest
porosity of the porous layer 3 and the porosity of the
fusion layer 2. This shows that a partially fused skin
layer 4 is formed. When the séme material is used, the
specific gravity is large as the pofosity is small.
(ii)éharacteristics of layered porous structural unit
" When a porous structural unit is used for a sound
absorption material, the acoustic absorption
characteristic becomes a problem. Figqure 21 is a diagram
for comparing the vertical incidence sound absorption
éoefficient whérein the vertigai incidence sound
absorption rate is obtained in accordance with the
before-mentioned JIS Al405. A curved line Ex. 1-2 is for
the porous structural unit having a thickness of 10 mm
prepared according to Ex; 1-2 and a broken line is for a
conventional porous structural unit having a thickness of
10 mm in which urethane form is used for a sound
absorpﬁion material. It is found from Figufe 21 that the
Qertigal incidence sound absorption coefficient of the
porous struétuzal unit formed by the method of Ex. 1-2
had the characte:istic.equivalent to or superior to that
of Ehe conventional unit.

Figure 22 is a diagram showing the vertical incidence



structural units Ib are arranged so as to divide the inside of a « duct 33
into a plurality of sections. The split (cell) type sound d: 5 N S
has excel | ent sound deadeni ng performance at a | ow frequency " Beg

above- nenti oned enbodi nent, the porous structural unit of H
invention can be used in various flePd§ armd vari ous nunber,o

21. Curved lines Ex. 1-2 and Ex. 1 3 are respecti 2t
for the porous structural units with a porous'layef
having a thigkness of 10 mm which are formed in
accordance with the method of E#ample 1-2 and 1-3. 1In
- Figure 22, the reason why Ex. 1-3 shows a good'result
seems that the porosity at the surface portion is
suitébly provided.
(iii) Effect of skin layer

Description will be-made as to clarification of a
phenomeﬁon wherein the acoustic absorption characteristic
is improved by a skin layer and the optimum thickness of
the skin 1ayer.‘

An ABS rés;n was used as a raw material for the
porous layer, and a sample of the porous layer having a
thicknéss,of 10 mm was prepé:ed in accordance with the
method of the above-mentioned Example 1-1.
| FPigure 23 is a diagram showing a result of
measurement of the distribution of the porosity of the
samélé, and PFigure 24 is é.diagram showing a relation of
tﬁe vertical incideﬁce sound absorption coefficient to
frequency wherqjﬂ the side having small porosity of the
porous material is used as the surface for receiving
sound waves. As is clear form the Figures, the sample
showed the greatest sound absorptién coefficient at a low
frequency of 400 Hz wherein the §reatEst sound absorption

coefficient exceeded 908 which is an excelient



- 49 - the granular material constituting the porous structu”ﬁ_m{'
present invention to obtain sufficient function..An Exanpl e ql@;3=;fg-u_
of preparing the porous structural unit is described the abo'efﬁcwzfﬁ g
Exanpl e 3-1. Characteristics (sound shielding characteristic) Figure—sa:
a di agram showi ng the sound shi el di ng- chracteristic of thefpgrotis JUL o
structural unit of the - ' _ . 99

characteristic. A rupture cross-section of the samplé '

was observed with a microscope to examine the péto;fzy“r
the surfacé for receiving sound waves. As a result, a
skin layer.oq substantialiy’non—gas-permeable having a
thickness;of about 30 pum at the surface portion was
found. |

The above-mentioned phenomenon will be described with
reference to an acoustic model as shown in Figure 25.
The.acoustic impedance (denoted by a character Z) of the
porous structural unit is expressed.by the following
equation (1):

z-fn+5mﬂn+¥%:i+d‘mn ' (1)
jo

where In is the acoustic resistance of the porous layer
3, @ ié angular velocity, ma is the inertance 6f air of
the porous layer 3 and ¢ is the thickness of the porous
layer 3, p* is equivalent density of air in the porous
layer 3, C* is equivalent sound speed of air in the
porous layer_3 and m i§.sﬁrface density of the skin layer
4. o

'.In order to obtain a frequency wherein the sound
absorpﬁion coefficient assumes the greatest value, the
complex componeént in the equation (1) has to be 0. The
frequency £-is obtainable from the following equation
(2).

g 1_ .| prc*? (2)
2n (ma+m) &



present invention wherein a curved line Ex. 1-2 shows the sound REPEACENMENT SHEE
E L oTEE

characteristic of the porous structural unit (wthout including iro
particles) having a thickness of 10 mm prepared accordi ng :
i'n Exanple 1-2 and a curved |line Ex. 3-1 shows the sound s
characteristic of the porous structural4@mnt (including ir
having a thickness of 10 mm prepared by the nethod as in ke 33&“@99
These sound shi Sincy Warsict facet dessweyemnefisthedsbynutapgrals fatc

characteristic nmeasuring device as shown in Figure 29. The porous —

structural

YENT SHEET

greatdr dmmuthe nineptpaceoty of the porous layer, the
frequency £ at which the_greatest sound'ébsorption
coefficient ﬁgn be Obtéined can be.greatly reduéed ko a
low frequency region by provi&ing the skin layer, as is
clear from the equation. Since the sound absorption

coefficient of the porous layer is low at a low frequency

region, the provision of the skin layer is effective to

_improve the characteristic. Although it has been well

known to obtéin such effect by providing the skin layer,
there has been known that the skin layer is attached to
the porous material. Although reduction of the frequency
for obtaining the greatest sound absprption coefficienE
can be attained by attaching the skin layer to the porous
material, the absolute value of the sound absorption
coefficient is reduced to 80% or lower. The reason can
be considered as followé.

The acoustic impedance Z at the freqﬁency feg%on to
obtain the-greétest sound absorption coefficient is
expressed as follows from the equation (1):

T Z =1,

As'is well Fnoﬁn, when ry = pC (where p and C are
respectively the density and the sound speed of air), the
sound absorﬁpion coefficient becomes 100%. However, the
conventional method of attaching the skin layér increases

a component of resistance at the bonding portion between
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(haV|ng a dianmeter of 100 nm 39. M crophones 40 41 were_arranged at both

sides of the porous structural unit 1. Sounds weregenera g PL g ] ARKeT
42 pl aced at one side of the pipe body 39. The other end J-ﬁgp 0 El
39 was cl osed and gl ass wool 43 was packed at the cl osed{epd so as to haje

a length of about 100 nmm so that the-sdfinds were reflect¢dfatl 3 b&lLcipgged
end. An acoustic pressure |evel -of the sounds entering i. he porous

the skin layer and the porous material. HWhen the

component of resistance is inserted in series -to the
acoustic resistance of the porous material, the abové;
mentioned equation rp = pC can not be satisfied and
fluctuation in the characteristic may result due to
unstableness derived from the.bonding of the both
maﬁgrials.

On the other hand, the present invention eliminates
the above-mentioned problem by mold-shaping the skin.
layer and the porous layér in one piece.

Several porous structural units were prepared .by
changing the thickness of the skin layer, and sound
absorption characteristic ﬁas examined for each of the
porous structural units. As a result, when the thicknesé
of the skzn layer exceeds 100 pm, the skin layer acts as
an elastic layer'(as a spring) but not mass, and the
frequency corresponding to the gre&teét sound absorption
coefficient rises on the contrary. Accordingly, it was
- found that ‘100 um or lower was appropriate. .

i.83-fa:, the porous étructural unit having a two-
léyered structure has been described. However, a porous
structural unit _having three or more layers may be used.

Figure 26 is a cross-sectional view of a porous
structural unit la having a three-layered structure which
éomprises a skin layer 4, a porous layer 3 and a non-gas-
permeable solid layer 2. Asrdescribed before, since the

laminated structure of the skin layer 4 and the porous
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- 50 - structural unit was neasured by the m crophone 40‘a_oust|c pres e

| evel of the sound waves transmtting through the porou
was neasured by the m crophone 41. A degree of sound s
porous structural unit was evaluated with a val ue obtai
the sound pressure |evel of the transn®Btrng sound wave
pressure | evel of the incident sound waves. Figure 30=shows |nprovene

a sound shi eigiygg (}e%raese e?cfce CHe %(g){i)nb a%xsorptm(n nc%auéja'c tistidd tcf cl es)
Ehe'non—gas-permeable solid layer 2 is excellent sound
shielding material, the porous structural unit can be
used as a structural material performing both function of
sound absorption and sound shielding.

When it is used as a heat insulation-heat retaining
'material, the skin layer 4 serves as a radiant ray
insulating material, the porous layer 3 serves as a heat
conduction insulating material and the solid layer 2
serves as a casing for a machine to be received therein.
Figure 27 is a diagram showing another embodiment of
the porous structural unit 1b whereiﬁ a solid layer 2 is
sandwiched between two sets of a porous layer 3 and a
skin layer 4. The porous structural unit 1lb can be
. applied to a split type or a cell type sound deadening
device. Figure 28 is a diagram showing an embodiment of
the sound deadening device wherein a plurality of the
structurai units 1b are érranged so as to divide the
inside of a duct 33 into a plurality of sections. The
T sp;£E5}cell) type sound deadening device has excellent
sound deadening performance at a low frequency. Beside
of the above-meationed embodiment, the porous structural
unit of the present invention can be used in various
fields and various number of layers and various kinds of
material can be applied to the porous -structural unit of
the present invention.

Particles other than resin particles may be used for



over Ex. 1-2 (without iron particles) in the above- nentiopad |
case that iron particles are incorporated in resin particlu};}’
descri bed. However, the same effect can be obtained by usifgya
or glass which has a higher specific gravity. Further, alt
has been made as to inprovenent of t e bund shi el ding chg
material such as alum num may be incorporated to inprove ¢
shi el di ng chffdicd e4AEld € marge NESL eoREdtu®i nghanacherbak :'_ﬁtrhet
glass fibers may be incorporated in the resin= =~ ‘= —_
unit of the present invention to obtain sufficient

function. An Example of the method of preparing the

porous structural unit is described the above-mentioned

Example 3-1.

Characteristics (Sound'shielding characteristic)

Figure 30 is a diagram showing the sound shielding
characteristic of the porous structural unit of the
present invention wherein a curved line Ex. 1-2 shows the
sound shielding characteristic of the porous structural -
unit (without includ?ng iron p;rticles) having a
thickness of 10 mm prepared according to the method és in
Example 1-2 and a curved line Ex. 3-1 shows the sound
shielding characteristic of  the porous structural unit
(zncludxng iron particles) having a thickness of 10 mm
prepared by the method as in Example 3-1. These sound
sh1g1d1ng characterxstxcs were measured by using a
characteristic measuring devicé as shown in Pigure 29.
The-porous structural unit. 1 was put in a pipé body
(having'a diameter of 100 mm) 39. Microphones 40, 41
weré arranged at both sides of the poroﬁs structural unit
1. Sounds were.generated from a speaker 42 placed at one
side of the pipe body 39. The éther end of the pipe body
39 was cloééd and glass wool 43 was packed at the closed

‘end so as to have a length of abéut 100 mm so that the
sounds were reflected at the closed end. An acoustic

pressure level of the sounds entering in the porous



particles in order to inprove the strength of the fusion Iayer'ﬂgq

porous | ayer. In accordance with the invention, a po AEEMENTSHEET
structural unit having excellent sound absorption - 51 - ch@,_ '
and heat insulation characterlstlc can be obtained since it hﬁ“ ;

acoustic pressure level of the sound waves tr-ahmxtyxng

through the porous structural unit was meas:hmﬁ by the
microphone 41. A degree of sound shielding (d3) of the
porous structural unit was evaluated with a value
obtained by subtracting the sound pressure level of the
transmitting spund waves from thé sound pressure level of
the incident sound waves.

Figure 30 shows improvement of a sound shieldiﬁg
degree of about 10% by Ex. 3-1 (including iron particles)
over Ex. 1-2 (without iron particles) in the above-
mentioned Example. |

The case that iron particlés are incorporated in
resin particles has been described. However, the same
effect can be obtained by using another metal or glass
which has a higher specific gravity. Further, although
description has been made as to improvement of the sound
shielding charaéteristic; a material such as aluminum may
be incorporated to improve electromagnetic shielding
charaéteristic and heat conduction characteristic. 1In
additian,‘glass fibers may be incoréorateq in the resin

particles in order to iﬁprove the strength of the fusion

layer and the porous layer.

In accordance with the invention, a porous

structural unit having excellent sound absorption



t hi ckness of the surface of the layer. A granular naterisgp
spherical or elliptic particles may be used for constitupt¥ig ks s8]
| ayer in which the specific gravity is gradually changed| whereby the

di aneter or the longer diameter is in the range of 0.2 -| 3] 0TmIUL 1999
Accordingly, the characteristics can be¥urther inproved ahd a stable
characteristics can be obtained. Further, in accordance W Th the rnvemnttor,
the porous layer in which the specific gravity is changed_and the solid

havij ' | : h ous. Layer .are, | am nat ed
LS s ALY SRt LBAR TP oS e U o LA
since it has the porous layer in which the specific gravity of

the porous layer is ccntinuouslylchanged in the direction of the

thickness of the surface of the layer.

A granular material comprising spherical or elliptic
pérticles may be used for constituting the porous layer in which
the specific gravity is gradually changed whereby the diameter
or the longer diameter is in the 'range of 0.2 - 3.0 mm.
Accordingly, the characteristics can be fuither improved and a

stable characteristics can be obtained.

Further, in accordance with tﬁe invention, the porous layer
in which the specific gravity is changed and the solid layer
having a porosity smaller than that of the porous layer are
laminated'ﬁherein the solid layer is ﬁelt-bonded with the porous
layer through the fusion layer, and the fusion layer is made non-
gas-permeable, whereby the sound absorption characteristic and
other characteristics can be improved. In this structure, since
the boundary of the layers is melt-bonded, various types of

material can be used for the porous structural unit.

In the invention, a plurality of the porous layer 2 in which
the specific gravity is changed and the solid layers are
combined, 'whereby the porous structural unit having such

combination can be used for various



| ayer through the fusion |ayer,
gas- per.neabl e,
characteristics can be inproved. In this structure, si
the layers is nmelt-bonded, various types of material c#
porous structural unit. In the inventi & =a plurality
in which the specific gravity is changed and the solidjl
wher eby the porous structqral uniit having such conbinafi

vari ous

and the fusion layer is made rkﬁEPLACEMENTSHEET

wher eby the sound absorption characteristic and ot her
s the boundary f

fields.

Further, a skin layer having the thickaess of 100
pm or less is formed in the solid layer, wheréby the
sound absorption characteristic and the heat insulation
characteristic of the porous structutallunit can be
improved. o

Further, the solid layer having a porosity smaller
than the porous layer is attached to one side surfacé of
the porous layer in which the specific gravity is
changed, and the skin layer having a thickness.of.IOO um
or less is attached to.the other side surface of the
porous layer, whereby the characteristics can be further

improved, and in some case the porous structural unit

having the construction can be used for a casing for a

machine.

In the invention, since the granular material

constituting the porous layer in which the specific
gravity is changed is constituted by a plurality of
dxfferent shapes and materials, functions as the porous

structural unit can be expanded.



REPLACEMENT SHEET - 52 - fields. Further, a skin | ayer having tREPLACEMENT SHEE
t hi ckness of 100 [err]mor less is forned in the solid Iayer mhereby t he

sound absorption characteristic and the heat insulation ch

the porous structural unit can be inproved. Further, the gﬁﬁ%$KEQEH¢E§QEEI
a porosity snmaller than the porous | aye¥3is attached to one jside surface df
: 15 JUL 1999

CLAIMS

1. Porous structural dnit comprising a'porous layer in which
the specific gravity _is continuously changing in the
direction of the thickness of said layer or pf the surface
of said layer, wherein side surface of said porous layer (3)
is attached with a solid layer (2) ha&ing a porosity lower
than that of said porous layer (3) and the other side
surface of said porous layer (3) is mould-shaped with a skin

layer having a thickness of 100 ym or less.

2. The porous structural wunit according to claim 1,
characterized in that a granular material constituting the

porous layer is spherical or elliptic.

3. The porous structural wunit according to claim 2,
characterized in that the length of the major axis of the

granular material is in a range of 0.2 - 3.0 mm.

4. The porous structural unit according to one of claims 1 to
3, characterized in that said solid layer is a fusion layer

and is fusebonded to said porous layer.

5. The porous structural unit according to claim 4,
characterized in that said fusion layer is non-air-

permeable.

* - C L M S *



the porous layer in which the specific gravity is changed, amgPtACEMENTISHEET
| ayer having a thickness of 100 [err]mor less is attached to the ot her

side surface of the porous |ayer, whereby the characteri ST

further inproved, and in some case the porous structural [dal
construction can be used for a Caﬁlﬂ;§ r~a machine. In t/hd;
I nvention, since the granular material constituting the
which the specific gravity is changed is constituted by
di fferent shapes and materials, functions as the porous:

6. The porous structural unit according to one of claims 1 to
5, characterized in that a plurality of the porous layers -

and the éolid layers are combined.

7. The porous structural unit according to one of claims 1 to
6, characterized in that different kinds of shape or
material are used for a granular material constituting said

porous layer.

[

T



structural unit can be expanded. REPLACEMENT SHEET - p<
Porous structural unit conprising a porous layer in mhi¢3j;,
gravity is continuously changing in the direction of t
said layer or of the surface of said Ia er, wherein Sldu
porous | ayer (3) ' 2 =

A POROUS STRUCTURAL UNIT AND A METHOD OF PREPAS
The present invention concerns a- porous structural unit which
improves acoustic absorption praperties and heat insulacion

properties and in which the specific gravity is concinuouslv
changed. .

Fig. 26



is attached with a solid layer (2) havihg a porosity |ower than gEPRACEENT SHEET
said porous |ayer (3) and the other side surface .of said porous |ayer (3)
i s moul d-shaped with a skin |ayer having a thickness of 100 [err]mor |ess.

2. The porous structural unit "according to claim 1, characterized -
in that a granular materi al constituthng t he porous | ayer ‘i s spherical or-
elliptic. 3. The porous structural® “unit according to f <2

characterized in that the length of the major axis of the - grgHuliial
i t]

is in arange of 0.2 - 3.0 nm 4. The porous structural u

one of clainms 1 to 3
| FIGURE |
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3, characterized in that said solid Iayer Is a fusion |layer and REPLACEMENTSHEEl

fusebonded to said porous |ayer. 5. The porous structural wunit
according to claim 4, characterized in that said fusion layer s
non-air- permeable. - 54 - 6. The porous structural unit according to

f cl 1to 5, ch terized in that a plurality of
one of clainms 0 characterized in fhat a plurali Y 0 KE?LACE&LNG SHEET

| ayers . _
FIGURE 4 | 15 JUL vy
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FIGURE 5

FIGURE 6 g




and the solid | ayers are conbi ned. 7. ‘The porous structural
according to one of clains 1 to 6, characterized in that diffe

shape or material are used for a granular material constitut |REPiskreg
| ayer . _ ’
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