13 0CT 2004 -1 FI BROUS AGGREGATE FORM NG METHOD, FI BROUS AGGREGATE
FORMED BY SAI D METHOD, AND FI BROUS AGGREGATE FORM NG APPARATUS 5 FI ELD OF

THE | NVENTI ON AND RELATED ART The present invention relates to a fi Bridlfs 2004
aggregate fornmed by processing fibrous material conprising fibers in
particular, a fibrous aggregate which is relatively lowin density and is
relatively 10 thick. It also relates taja thermal nethod for form ng such
a fibrous aggregate, and an apparatus for form ng such a fibrous

aggregate. Conventional nethods for formng a fibrous aggregate, which are
widely in use, may generally be 15 classified into two groups: the needle

punching group and the gifigiotRl AHGREGATE) RBHMENG MiPgsp, @ needl e punching
net hod and a thermal method are independently used, whereas in other

cases, they are U§e@BROUS QUUREGHTE FORMEINGY ,sAT® mmmpumnof fibrous
aggregate formng nethods will be briefly described. (1) Needl e Punching
Met hod This is a net hgd FROUS QUGREGATHE, \WWORMING A BP SRERES of fi brous
aggregate by entangling fibers anong 25 thenselves; multilayered fibrous
material is reciprocally punched through with the use of a needle

5 FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a fibrous
aggregate formed by processing fibrous material
comprising fibers in particular, a fibrous aggregate
which is relatively low in density and is relatively

10 thick. It also relates to a thermal method for
forming such a fibrous aggregate, and an apparatus for
forming such a fibrous aggregate.

Conventional methods for forming a fibrous
aggregate, which are widely in use, may generally be

15 classified into two groups: the needle punching group
and the thermal group. In certain cases, a needle
punching method and a thermal method are independently
used, whereas in other cases, they are used in
combination.

20 Next, the two groups of fibrous aggregate
forming methods will be briefly described.

(1) Needle Punching Method

This is a method for continuously forming a
sheet of fibrous aggregate by entangling fibers among

25 themselves:; multilayered fibrous material is
reciprocally punched through with the use of a needle

punching machine which uses a needle called a felting



punchi ng machi ne which uses a needle called a felting 1 35 0 C T 2004 -2
needle. (2) Thermal Method This is a nethod for formng a fibrous
aggregate by thernmally welding fibers anong 5 thensel ves; a predet erind 02004
anount of heat is applied to nmultilayered fibrous material conprising
plural types of fibers different in nelting point, so that the fibers
with the lower nelting point (bonding wnmterial) nelt and weld the fibers
with the higher 10 nelting point (structural material), at the
i ntersections of the fibers with the higher nelting point. In other words,
according to a thermal nmethod, the fibers with the higher nelting point
serve as strysdarel material, whereas fibers with the ower 15 nelting
poi nt serve as bonding agent. As for typical thermal nethods, there are a
met hod cal | ed{ &) heBliermahi Methodeyer heati ng chanber nethod, in which
mul tilayered fibrous material is continuously fed into a heated air
conveyer heating chanbBhris oiéoanmetedcbori hovosngoanfobrbubr ous aggregate,
a method called a nolding nethod, or a batch nethod, in which
mul til ayer ed dgdregatesherthernal packelding of dbepsdanbnga predet er nmi ned
size and is heated to forma block formof fibrous aggregate, which has a
pr edet er mihedth@fsel ves [ s zeregetepapaed apqunttpd heptndeEheaslwed be
described in . . o
to multilayered fibrous material comprising plural
types of fibers different in melting point, so that
the fibers with the lower melting point (bonding
material) melt and weld the fibers with the higher
10 melting point (structural material), at the
intersections of the fibers with the higher melting
point. In other words, according to a thermal method,
the fibers with the higher melting point serve as
structural material, whereas fibers with the lower
15 melting point serve as bonding agent. As for typical
thermal methods, there are a method called a heated
air conveyer heating chamber method, in which
multilayered fibrous material is continuocusly fed into
a heated air conveyer heating chamber to form a
20 continuous form of fibrous aggregate, a method called
a molding method, or a batch method, in which
multilayered fibrous material is packed into a mold of
a predetermined size and is heated to form a block
form of fibrous aggregate, which has a predetermined
25 size (size and shape}.

Next, the two methods will be described in

more detail.



nore detail. 1 3 0 CT 2004 -3 5 (2-a) Heated Air Conveyer heating chanber
Met hod Figure 12 is a schematic sectional view of a conventional he tfﬁ

air conveyer heating chanber used for a thermal fibrous aggregate faor %bﬂm4
method. As is evident fromFigure 12, this heated air conveyer heating
chanmber 500 has a pair of nmesh belts 510 and 520, which are placed in a
manner to vertically oppose each other,ywith the provision of a
predeterm ned gap between the two belts, in order to nove the 10

mul tilayered fibrous material 600, in the leftward direction of the

drawi ng, while conpressing the nultilayered fibrous material 600 fromthe

top and bottQms) desaddd e @@ﬁ@@iré@méé\tyﬁ%;c@n&hsefiﬂ@efﬁoare 15
stacked), as the nmultilayered fibrous naterial 600 is fed fromthe upper

right direction of thergjams Nz idhe sthéndeyeredctibnausvoakestak 600 is
actually |ayers of webs of sheathed fiber. Each web ‘has been produced
with the use @nwertEishdly hectedeif unohvessr aheaying chamBeraysed nachi ne
20 (unillustrated), or the like, and the fibers in each web have been |aid
nmore or | ess figr partid ghal Thitbrows ghggpegatai foohingemebhotihe Asl tisl ayer ed
fibrous material 600 is selected in accordance with its usage. Further,
t he mul ti lsayeseridntorinresm nBteural 1500this heated air conveyer
heating chamber 500 has a pair of mesh belts 510 and
520, which are placed in a manner to vertically oppose
each other, with the provision of a predetermined gap
between the two belts, in order to move the
10 multilayered fibrous material 600, in the leftward
direction of the drawing, while compressing the
multilayered fibrous material 600 from the top and
bottom sides (in the direction in which the fibers are
stacked), as the multilayered fibrous material 600 is
15 fed from the upper right direction of the drawing.
The multilayered fibrousrmaterial 600 is actually
layers of webs of sheathed fiber. Each web has been
produced with the use of a carding machine
(unillustrated), a cross-laying machine
20 (unillustrated), or the like, and the fibers in each
web have been laid more or less in parallel. The
weight per unit of area of the multilayered fibrous
material 600 is selected in accordance with its usage.
Further, the multilayered fibrous material 600
25 comprises plural types of fibers different in melting
points.

The distance between the two mesh belts 510



25 conprises plural types of fibers different in nelting points. The

di stance between the two nesh belts 510 1 3 CC T 2004 -4 and 520 is

approxi mately equal to the thickness of the final product, or a coni 804
fi brous aggregate 650, and can be adjusted as necessary. The thickness H
of the continuous nultilayered fibrous material 600 fed 5 into the heated
air conveyer heating chanber 500 is greater that the gap h between the two
mesh belts 510 and 520. After being fed into the heated air conveyer
heati ng chanmber 500, the continuous nmultilayered fibrous material 600 is
conpressed all at once to the 10 thickness h by the nmesh belt 510 and 520,
and i s thernmad ysieriedappioxihetebnt equalistdi bheushaggnegat ef Ghe while
remaining in the conpressed state. In order to thermally formthe
continuous nidrial ayesddct| boous owbeinadbus0Dibnbosaaggnegateuss0l5 fi brous
aggregate 650, an air sending chanber 530 for blowing air, and an air
recei vi ng charbkrcad (bé oadjssced ong ngechesaenut edTher thiolnesat Hobft he air
sending chanber 530, are provided in the heated air conveyer heating
chanber 500. e comtseundusngrehbihbayes8d Fibpouproatdedani bACadiedi r
supplying hole 531 and a plurality of perforations, and is | ocated above
the path Sf imeo nthe|hegteddaitbeenserar eheatriBgoch@MPRINS0PhésSheat ed air

conveyer heating chanmber 500. Heated air is blown into the air sending
chanber 530 tgﬁg@@ﬁp that the gap h between the two mesh belts 510

and 520. After being fed into the heated air conveyer
heating chamber 500, the continuous multilayered
fibrous material 600 is compressed all at once to the
10 thickness h by the mesh belt 510 and 520, and is
thermally formed into the continuous fibrous aggregate
650 while remaining in the compressed state.
In order to thermally form the continucus
multilayered fibrous material 600 into a continuous
15 fibrous aggregate 650, an air sending chamber 530 for
blowing air, and an air receiving éhamber 540 for
suctioning the heated air blown out of the air sending
chamber 530, are provided in the heated air conveyer
heating chamber 500. The air sending chamber 530 is
20 provided with an air supplying hole 531 and a
plurality of perforations, and is located above the
path of the multilayered fibrous material 600, within
the heated air conveyer heating chamber 500. Heated
air is blown into the air sending chamber 530 through
25 the air supplying hole 531, and is blown out of the
air sending chamber 530 through the plurality of

perforations 532 to be blown at the multilayered



25 the air supplying hole 531, and is blown out of the air sending chanber
530 through the plurality of perforations 532 to be blown at the .

mul tilayered I J' OCT 2004 -5 fibrous material 600. The air receivianUC]2m4
chanber 540 is located below the path of the nmultilayered fibrous

material 600, and is provided with a plurality of perforations 542 and a
plurality of air suctioning 5 holes 541_5As the heated air having been
blown at the nultilayered fibrous material 600 fromthe air sending
chanber 530, as descri bed above, passes through the multilayered fibrous
material 600, the heated air is suctioned into the air receiving chanber
540 through 1fitheudl mavéiiyioboperfohat aonsréd@ivang tEampBausued through
the plurality of air suctioning holes 541. Upon being introduced into the
heated air cosvRyEitdadahéDowchasbpath00f the mabtibapaseduktbrayer ed
fibrous material 600 is heated by the 15 heated air blown out of the air
sendi ng chanheit&B0al ubdd| abd isnpeowideé wishsatplarpiédet efnm ned one

As descri bed above, the continuous nmultilayered fibrous naterial 600 is
conti nuous | gyerfondt pbms ab42t gpésaoplardeitydeff eiensuchioningng point. 20
Therefore, the fibers, which have a relatively lower nelting point, can be
mel ted by Sethohgstheél . t ehperheuheabedt perhbavédgabeenobdowanpér &hwre which
is higher than the nelting point of the fibers with a relatively |ower

nel ting poinﬂwghﬁalagergqeflpﬁgﬁstﬂ@terlal 600 from the air sending

chamber 530, as described above, passes through the
multilayeFed fibrous material 600, the heated air is
suctioned into the air receiving chamber 540 through

10 the plurality of perforations 542, and is exhausted
through the plurality of air suctioning holes 541.

Upon being introduced into the heated air
conveyer heating chamber 500, the continuous
multilayered fibrous material 600 is heated by the

15 heated air blown out of the air sending chamber 530
until its temperature rises to a predetermined one.
As described above, the continuous multilayered
fibrous material 600 is continuous layers of plural
types of fibers different in melting point.

20 Therefore, the fibers, which have a relatively lower
maelting point, can be melted by setting the
temperature of the heated air to a temperature which
is higher than the melting point of the fibers with a
relatively lower melting point, and is lower than the

25 melting point of the fibers with a relatively higher
melting point, so that the fibers with the relatively

higher melting point, can be bonded among each other



25 nelting point of the fibers with a relatively higher nelting point, so
that the fibers wth the relatively higher nelting point, can be bonded
anong each other 1 3 0 C T 2004 -6 at their intersections, with the in2)fE®H4
fibers wwith the lower nelting point acting as bonding agent, to effect a
continuous fibrous aggregate 650, which has a predeterm ned thickness. 5
(2-b) Ml d Based Method Figure 13 is a d¢¢awing for depicting one of
conventional nmethods for formng a fibrous aggregate. A block of

mul tilayered fibrous material 610 is identical in material to the
continuous multilayered 10 fibrous material 600 used in the heated air

conveyer healii NG HiaANGffe RasOd dfS Nodi tieXCePtmd NeLai Fibérsnwips formof a

bl ock. More specifically, as shown in Figure 13(a), the multilayered

fibrous materdl RIREK mfili P BB PESaSEMES 8ds | BIRASn&T adéREl Stol N which 15
fibers are aligned approximately in parallel in a certain direction a, and

which are st agi-d i &orft IRGUOE Ib PSP el fag@te t @50 NewHi éRChagNai N Whi ch
the fibers are aligned in each layer. This nmultilayered fibrous nateri al
bl ock 610 i s gHeanadh tonidH arh adkwegswim nol d 700, and is covered with a lid
710 as shown in Figures 13(b) and (c). At this stage, the nultilayered
fibrous naterizalbbiMxld Bdsed Méehadl d 700 has been sinply conpressed in
the stacking direction b, in the nold 700. Then, a bl ock of
Figure 13 is a drawing for depicting one of
conventional methods for forming a fibrous aggregate.
A block of multilayered fibrous material 610 is
identical in material to the continuous multilayered
10 fibrous material 600 used in the heated air conveyer
heating chamber based method, except that it is in the
form of a block. More specifically, as shown in
Figure 13(a), the multilayered fibrous material block
610 comprises several layers of fibers, in which
15 fibers are aligned approximately in parallel in a
certain direction a, and which are stacked in a
direction b perpendicular to the direction in which
the fibers are aligned in each layer. This
multilayered fibrous material block 610 is placed in
20 an aluminum mold 700, and is covered with a 1id 710 as
shown in Figures 13(b} and (c). At this stage, the
multilayered fibrous material block 610 in the mold
700 has been simply compressed in the stacking
direction b, in the mold 700. Then, a block of
25 fibrous aggregate is obtained by heating the mold 700

until the aforementioned condition is satisfied.

However, the above described methods for



25 fibrous aggregate is obtained by heating the nold 700 wuntil the

af orenenti oned condition is satisfied. However, the above descri bed qﬁéﬁpﬂ@
for 1 30 CT 2004 -7- formng a fibrous aggregate bl ock have such Br e 4
of their own that will be described below. (1) Needl e Punching Method A
needl e punchi ng net hod physically causes 5 fibers to entangle, with the use
of a felting needle. Therefore, a fibrodés aggregate produced by a needl e
punching nethod is hard, thin, and high in bulk density. In other words, a
soft and thick fibrous aggregate which is lowin bulk density is difficult
to 10 produce using a needl e punching nethod. (2a) Heated Air Conveyer
heati ng chanbeermreda Meihbaus| agaragatedb ipek chaveysrnchearehle®fanber
based nethod, heated air is blown at nultilayered fibrous material from
above, and tHefetebr owR FhpEryiis PR dREcrialedsP8hO¥he top side tend to
soften before _those in the IaYers on, the bottomside. As a result, the

|l ayers on thellbp Negdiehuneling @8Fpaased by the pressure fromthe
heated air from above, agd iso ahe .gel%- i ght of,th?_la ersegf fibers,
causing the 20 |ayers ©n ?ﬁg toB 8FB&"Y, B£§8ﬁepﬂ¥§h8? }ﬁ %ﬁfﬁ Sdensity
produce a §1 bf DRe- S5t <t BROLEr £ 3N Kbonert SLS: At b LBEIEY conveyer
heati ng Cha”PﬁérQ@é?Q,”EtP?Hro&EeaQBrEQStEOLPBHQEEdtBYtQiﬁeedle
punching method is hard, thin, and high in bulk
density. In other words, a soft and thick fibrous
aggregate which is low in bulk density is difficult to
10 produce using a needle punching method.
(2a) Heated Air Conveyer heating chamber Based Method
In a heated air conveyer heating chamber
based method, heated air is blown at multilayered
fibrous material from above, and therefore, the fibers
15 in the layers on the top side tend to soften before
those in the layers on the bottom side. As a result,
the layers on the top side tend to be collapsed by the
pressure from the heated air from above, and also the
self-weight of the layers of fibers, causing the
20 layers on the top side to become higher in bulk
density than the layers on the bottom side. In other
words, it is difficult to produce a fibrous aggregate
uniform in density using a heateq air conveyer heating
chamber based method. One of the solutions to this
25 problem is to reduce the velocity of the heated air.
However, reducing the heat air velocity makes it

impossible for the heated air to pass through the



25 problemis to reduce the velocity of the heated air. However, reducing
the heat air velocity nmakes it inpossible for the heated air to Pa$ 0LT 2004
through the 1 3 OC T 2004 -8 nultilayered fibrous material, creating a
problemin that it is virtually inpossible to heat the bottom portion of
the nultilayered fibrous material. 5 Therefore, producing a soft and thick
fibrous aggregate which is Iow and unif@grmin bulk density wusing a heated
ai r conveyer heating chanber based nethod is as difficult as producing it
using a needle punching nethod, admtting that a relatively hard sheet of
fibrous aggregate which is relatively high in 10 bul k density can be as

easi |y produghfi tavi dierd@tt ESrowethote fal hecf@dtiig net peeblen addition,
the layered fibrous naterial is heated while being kept in the conpressed

state by the ¢msh OMe el rtwall ¢ himpéoshle therieeas sherbbteomi n that the
pattern (ridges and 15 recesses) of the nesh conveyer is inprinted onto the
surface | ayerpaftidie ofulthe ayel il dydred st ietens ahatef2b) . Mol d Based Met hod
Referring to Figure 14, the problens associated with methods for formng a
fibrous 20 aggregate ushenxeforw] dowdlcbegdessofbedndFthuck fdbripgisa
drawing for depicting the state of the inside of a nold during the
product i ord ofagyfedntouswiaigh egait bow ushdgual fprm. in bulk density
using a heated air conveyer heating chamber based
method is as difficult as producing it using a needle
punching meﬁhod, admitting that a relatively hard
sheet of fibrous aggregate which is relatively high in
10 bulk density can be as easily produced by the latter
method as the former method. In addition, the layered
fibrous material is heated while being kept in the
compressed state by the mesh conveyer, and therefore,
there is a problem in that the pattern (ridges and
15 recesses) of the mesh conveyer is imprinted onto the
surface layer of the multilayered fibrous material.
{2b) Mold Based Method
Referring to Figure 14, the problems
associated with methods for forming a fibrous
20 aggregate using a mold will be described. Figure 14
is a drawing for depicting the state of the inside of
a mold during the production of a fibrous aggregate
using a mold.
As the mold 700 begins to be heated after the
25 multilayered fibrous material block 610 is packed into

the mold 700 and the mold 700 is sealed with the 1lid

710, the multilayered fibrous material block 610



As the nold 700 begins to be heated after the 25 nultilayered fibrous
mat eri al block 610 is packed into the nold 700 and the nold 700 is!s§€§€g14
with the lid 710, the multilayered fibrous material block 610 1 3 H
-9 begins to gradually collapse in the gravity direction 5 starting from
its fringe. This phenonenon is not conspicuous when the plural types of
fibers inthe nmultilayered fibrous mateyial block 610 are very different
in nmelting point, for exanple, when one group of of fibers in the
mul tilayered fibrous material block 610 is fornmed of polyethylene, and the
ot her group of fibers is fornmed of polypropyl ene- terephthal ate. However,
if the two gneuATIOftd idrerduaillre Kpmad ach faiem aronpey| @i tecciont eri al s
al one, the phenonenon becones very conspicuous. This may be due to the
fact that in dthirzicaperdmeirtes ifringd | e Thifd erreromménmomel s i mgt poi nt bet ween
the two groups of fibers, and therefore, the effects of the heat 15
transmtted foommsditmioud dwhi0 tthe g lumeanl flagies of heibdérs nge Poeti ons of the
mul tilayered fibrous material block 610. As the heating of the nold 700 is
continued, hedttilsywordlctidercals mdtke wayl tbladie ckhtareoferhe 20
mul tilayered fibrous material block 610, causing the entirety of the
adj acenci és dfi fiffegr ettt tiommakfinge RPink hefom|exangle edwheproRe nateri al
bl ock 610 to
group of of fibers in the multilayered fibrous
material block 610 is formed of polyethylene, and the
other group of fibers is formed of polypropylene-
terephthalate. However, if the two groups of fibers
10 are selected from among clefinic materials alone, the
phenomenon becomes very conspicuous. This may be due
to the fact that in this case, there is little
difference in melting point between the two groups of
fibers, and therefore, the effects of the heat
15 +transmitted from the mold 700 first manifest in the
fringe portions of the multilayered fibrous material
block 610.
As the heating of the mold 700 is continued,
heat is conducted all the way to the center of the
20 multilayered fibrous material block 610, causing the
entirety of the adjacencies of the bottom surface of
the multilayered fibrous material block 610 to
collapse as shown in Figure 14(b)}. When the
multilayered fibrous material block 610 is in this
25 state, the bulk density of the multilayered fibrous

material block 610 is nonuniform in terms of the

gravity direction; the top portion of the multilayered



col | apse as shown in Figure 14(b). When the nultilayered fibrous materi al
block 610 is in this 25 state, the bulk density of the nultilayered ;ibrous
material block 610 is nonuniformin ternms of the gravity di rect i orl; $ 0hk2004
top portion of the nultilayered 1 33 0 C T2004 -10 fi brous material block
610 is lower in bulk density than the bottom portion of the multil ayered
fibrous material block 610 because the_ppttom side of the nultilayered
fibrous material block 610 is nore 5 affected by the weight of the
multilayered fibrous material block 610 itself. In other words, a high
bul k density region 610a and a | ow bulk density region 610b coexist in the

mul tilayered dif¥us iiterial bldacks 610is arbuedes: rebie dehki€gnsity
gradi ent has 10 been created. As described before, in the case of a

convent i onal trdrd #ias asbtesdiath ribidk e nskhdé ymer edll €pdred®cEib souand
therefore, a fibrous aggregate block which is relatively high in hardness
and bul k densidterisicblddk a6l a heeamesd ormm et tym as cdmveht thaal heated air
conveyer heating chanber based nmethod, can be easily formed, but a soft
and thick fi bmoltsi ey et £i ook maechal sbldi o6 0 ahsl honei n bul k density
Is difficult 20 to produce. Further, across the portions of the internal
surface ofs t hef ottt ey wiie waddich ehetli¢ pepkt chaypered fibrous
material block 610 itself. In other words, a high
bulk density region 610a and a low bulk density region
610b coexist in the multilayered fibrous material
block 610; an undesirable bulk density gradient has
10 been created.
As described before, in the case of a
conventional mold based method, bulk density gradient
occurs, and therefore, a fibrous aggregate block which
is relatively high in hardness and bulk density, such
15 as the one formable by a conventional heated air
conveyer heating chamber based method, can be easily
formed, but a soft and thick fibrous aggregate block
which is uniform and low in bulk density is difficult
to produce.
20 Further, across the portions of the internal
surface of the mold 700, with which the fibers come
into contact, melted fibers (fibers which have the
relatively low melting point and act as bonding agent)
spread flat. As a result, a porous skin, which is
25 smaller in porosity than the internal portion of the

multilayered fibrous material block 610, is formed in

a manner to wrap the multilayered fibrous material



into contact, nelted fibers (fibers which have the relatively |ow nelting
poi nt and act as bondi ng agent) spread flat. As a result, a porous skin,
which is 25 snmaller in porosity than the internal portion of the 1.30CT 2004
multilayered fibrous material block 610, is forned in a manner to wap the
multilayered fibrous material 13 OCT 2004 -11 5 10 bl ock 610 al ong the

i nternal surface of the nold 700. Depenﬂtng upon the type of fibrous
aggregat e usage, the presence of this skin is undesirable, and therefore,
a process for renmoving the skin becones necessary, which is a problemin
that the renoval of the skin reduces yield relative to the anount of raw
material . SUMYARY, @ oTHE JWEWE QY ddvendr i@ pacdi GEtLid hdiea PFEsent
invention is to provide a nethod and an apparatus which are capable of
formng a thigdtin iy Q}b%ragg{@g%ﬁ;ee V¥ Chi bFSud Yy @reh e f@sagén bul k
density, in particular, a mnethod and an apparatus which are capabl e of
form ng 15 sygfe 3 dddurRus FOAETASK BY e Wieded eabi dergnd n the

mul tilayered fibrous material used for the formation of a fibrous
aggregat e ar eHde e, id) gropesd i Bsy pemovied wes ysklid fesestesn nel ting
point, and/or are relatively lowin nelting point. 20 A fibrous aggregate
form ng nmét hegkddssary, which is a problem in that the removal of

the skin reduces yield relative to the amount of raw

material.

SUMMARY OF THE INVENTION

10 The primary object of the present invention
is to provide a method and an apparatus which are
capable of forming a thicker fibrous aggregate which
is low and uniform in bulk density, in particular, a
method and an apparatus which are capable of forming

15 such a fibrous aggregate even when the fibers in the
multilayered fibrous material used for the formation
of a fibrous aggregate are the same in properties, are
not very different in melting point, and/or are
relatively low in melting point.

20 : A fibrous aggregate forming method in
accordance with the present invention for
accomplishing the above described objects is a method
for thermally processing fibrous material to form a
fibrous aggregate, and comprises: a heating process in

25 which heated air is blown upward through the fibrous
material from below the fibrous material to melt at

least a portion of each fiber of the predetermined



accordance with the present invention for acconplishing the above

descri bed objects is a nmethod for thermally processing fibrous matdrd 87T 800
forma fibrous aggregate, and conprises: a heating process in 25 which
heated air is bl own upward through the fibrous naterial from below the
fibrous material to nelt at |east a portion of each fiber of the
predetermned 1 3 O C 12004 -12 5 group-lof-fibers in the fibrous material,
while keeping the fibrous material afloat and in the sanme state as it was
prior to the blowing of the heated air; a conpressing process in which the
heated fibrous material is conpressed to a desired thickness fromthe top
and bottom sigdesip arfd fabeord | i1y Yhreocedyraus imtdriahe whbleuseemirgial is
cooled to solidify the nelted portion of each fiber, so that the fibers
are firmy wiledddbmpusmdmtrticr]l aford randitiar sitee i 2ame 3Re faHrous
aggregate form ng apparatus in accordance with the present invention is an
apparatus fdrt ey mior frocddisiewing mhushedheated abfotma fibrous
aggregate, and conprises: a supporting neans on which the aforenentioned
fibrous mat erdEIPLESSINGTRIAGRES al e e af e iR YR nkIREPHY nmeans for

bl ow ng the heated air for the heatin rocess for .nelting_at |east a
portion of ed@teayisdy 15 FRIERFETHT *bcglégvﬁl??]’er? brobekreterf 5P ¢ 5Pfift and

keep afloat the fibrous material. fromthe supporting [Eans: @ cn

the fibrous material is cooled to solidify the melted
portion of each fiber, so that the fibers are firmly
welded to each other at their intersections.

10 A fibrous aggregate forming apparatus in
accordance with the present invention is an apparatus
for thermally processing a fibrous material to form a
fibrous aggregate, and comprises: a supporting means
on which the aforementioned fibrous material is

15 mounted; a heated air flow generating means for
blowing the heated air for the heating process for
melting at least a portion of each fiber, upward from
below the fibrous material to lift and keep afloat the
fibrous material from the supporting means; a

20 compressing means for compressing the fibrous material
toward the supporting means; and an attitude
controlling means for controlling the attitude of the
fibrous material kept aflcat by the heated air.

According to one of the aspects of the

25 present invention, while the fibrous material is

thermally processed, it is lifted and kept afloat by

blowing heated air upward at the fibrous material from



20 conpressing neans for conpressing the fibrous material toward the
supporting means; and an attitude controlling means for controllinb30§¢ 2004
attitude of the fibrous naterial kept afloat by the heated air. According
to one of the aspects of the 25 present invention, while the fibrous
material is thermally processed, it is lifted and kept afloat by bl ow ng
heated air upward at the fibrous nateﬂjy3jron11 3 0C 1 2004 -13 directly
bel ow the fibrous naterial, and the attitude of the fibrous material kept
afloat is regulated. As a result, the effect of the gravity which affects
formati on of fibrous aggregate is elimnated, and 5 therefore, relatively
thick fibr O!J%ig%&ftqq,atb%l\w Ghd Sid@hA indlar W idhdUtie depsityagan be
easily obtained. In particular, a ventilatory sheet is placed in contact

with the top gndRotdiyPcuY fpaesriafl e d idr e nad eréllaeed, thesefore,
the surface pattern 10 of the nenbers used to conpress the fibrous

material is NQladyiBY,i MR eFHe-t hef Skidh d@ierty afhidle dppedeyer, of the
fibrous material. These and other objects, features, and advantages of the

present invemntdaatuidd J¥eCOIm-dy eagdiefppariante LiPINE0aSG] dendt i on of the
foll owi ng description of the preferred enbodi nents of the present

i nventions t akfird fibeonjrelciticrew tthidie fidnannpaaydnggatawinsh 26 BRI EF
DESCRI PTI ON OF THE DRAW NGS
relatively low in bulk density can be easily obtained.
In particular, a ventilatory sheet is placed
in contact with the top and bottom surfaces of the
fibrous material, and therefore, the surface pattern
10 of the members used to compress the fibrous material
is not imprinted onto the skin layer, or the top
layer, of the fibrous material.
These and other objects, features, and
advantages of the present invention will become more
15 apparent upon consideration of the following
description of the preferred embodiments of the

present invention, taken in conjunction with the

accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic sectional view of the
heating heating chamber for forming a fibrous
aggregate, in the first embodiment of the present
invention.

25 Figure 2 is a sectional view of an example of
a strand of fiber in the fibrous material in

accordance with the present invention.



Figure 1 is a schematic sectional view of the heating heating chanber for
formng a fibrous 25 aggregate, in the first enbodi nent of the preSﬁ?h
invention. Figure 2 is a sectional view of an exanple of a strand £ JW
in the fibrous material in accordance with the present invention. 1 3 OCT
2004 -14 Figure 3 is a schematic drawing for depicting a nethod for
formng a block of fibrous aggregate usjqig the heating heating chanber
illustrated in Figure 1, and shows the state in which the dies are 5
pl aced in contact with the top and bottom surfaces of the multilayered
fibrous material block, one for one. Figure 4 is a schematic draw ng for
depi cting a nethod forrifire @ s b csdheaiati dbrdese begr fgatdep Lt iggt he
heati ng heating chanber illustrate in Figure 10 1, and shows the
posi tional re atdtoitshiffodbetoweindg he hiddlon frof thseds | agghegaeat i ng heating
chanmber, and the top nold. Figure 5 is a schematic drawing for depicting
a method for J<amy nthea Hdocingfhdabimy sclygpeyat Elust vated ime heating
heati ng chanber illustrate in Figure 1, and shows the state in which
heated air i Fiwgiryg 1 blaowh sitowhethml stdgeimdwifiithotbendiesi arefrom bel ow
Figure 6 is a graph which shows the characteristic, in ternms of
tenperatuﬁeipﬁaugﬁuin(ﬁoqﬁact with the top and bottom surfaces of
the multilayered fibrous material block, one for one.
Figure 4 is a schematic drawing for depicting
a method for forming a block of fibrous aggregate
using the heating heating chamber illustrate in Figure
10 1, and shows the positional relationship between the
bottom mold set in the heating heating chamber, and
the top meld.
Figure 5 is a schematic drawing for depicting
a method for forming a block of fibrous aggregate'
15 using the heating heating chamber illustrate in Figure
1, and shows the state in which heated air is being
blown at the multilayered fibrous material from below.
Figure 6 is a graph which shows the
characteristic, in terms of temperature increase, of a
20 block of multilayered fibrous material formed of such
fiber that has a core portion and a sheath portion,
which are formed of polypropylene and polyethylene,
respectively.
Figure 7 is a schematic drawing for depicting
25 a method for forming a block of fibrous aggregate

using the heating heating chamber illustrated in

Fiqure 1, and shows the state in which the block of



20 block of multilayered fibrous material fornmed of such fiber that has a
core portion and a sheath portion, which are formed of polypropyl ene and
pol yethyl ene, respectively. Figure 7 is a schematic draw ng for depf@tCTng
25 a method for formng a block of fibrous aggregate wusing the heating
heati ng chanber illustrated in Figure 1, and shows the state in which the
block of 1 3 0 CT 2004 -15 | ayers of fip§rs I s being conpressed by the top
and bottomdies. Figure 8 is a schematic drawi ng for depicting a nethod
for formng a block of fibrous aggregate 5 using the heating heating
chanber illustrated in Figure 1, and shows the state in which the
ventilatory sheets o ef {1 rg peaderthqveympidssed hey compl edpoanaf  the

conpressi ng process and cooling process. Figure 9 is a perspective view of
a block of Ifhdtidn casesdggregate formed with the use of the heating
heati ng chanber illustrated in Figure 1. 15 Figure 10 is a schematic
sectional view of theFiagirdrduss agoseanat {oraragiagppboat dspiatihg second
enbodi ment of the present invention. Figure 11 is a schenmatic sectional
view of the 4 iggthisd afyr efatel doran hipappef af Usrovs usggnegdten Figure 10,
at a plane indicated by a line A-A. Figure 12 is a schematic sectional view
of a 5 wusing the heating heating chamber illustrated in
Figure 1, and shows the state in which the ventilatory
sheets are being peeled away after the completion of
the compressing process and cooling process.
Figure 9 is a perspective view of a block of
10 fibrous aggregate formed with the use of the heating
heating chamber illustrated in Figure 1.
Figure 10 is a schematic sectional view of
the a fibrous aggregate forming apparatus in the
second embodiment of the present invention.
15 Figure 11 is a schematic sectional view of
the fibrous aggregate forming apparatus illustrated in
Figure 10, at a plane indicated by a line A-A.
Figure 12 is a schematic sectional view of a
conventional heated air conveyer heating chamber used
20 for a thermal molding method.
Figure 13 is a drawing for depicting a method
for forming a block of fibrous aggregate using a
conventional mold based method.
Figure 14 is a drawing for describing the

25 problems in a conventional mold based fibrous

aggregate forming method.



conventional heated air conveyer heating chanber used 20 for a thermal
nol di ng method. Figure 13 is a drawing for depicting a method for formng
a block of fibrous aggregate using a conventional nold based nethoﬁjUCIZMA
Figure 14 is a drawing for describing the 25 problens in a conventional

nol d based fibrous aggregate formng nethod. 1 3 0 C T 2004 -16 DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS s Next, the preferred enbodi nents
of the present invention will be described with reference to the appended
drawi ngs. 5 (Enbodinent 1) Figure 1 is a schematic sectional view of the
heati ng heating chanber for formng a fibrous 10 aggregate, in the first
enbodi ment ofpgTrel [EESSESCRI PWEOK | OR. THReP REBERRED hEMBODRIMERE&Der 10
depicted in Figure 1 contains a heated air flow generating unit 11 for
generating a flow of hested the.pidbeheadeembpdiméhbsy génthating unit 11 is
| ocated in the bottom portion of the heating heating chanber 10, and has:
a 15 pluralitprefemeatnventbos WPliobegdascaibed wWweth,; raferaheeptowi ng f an
13 which is |located below the heating rods 12 to generate upward heated
air flow andtke peppendedddsawinge®ss steel plate 14 | ocated above the

5 (Embodiment 1)

Figure 1 is a schematic sectional view of the
heating heating chamber for forming a fibrous
aggregate, in the first embodiment of the present
invention.

10 The heating heating chamber 10 depicted in
Figure 1 contains a heated air flow generating unit 11
for generating a flow of heated air. The heated air
flow generating unit 11 is located in the bottom
portion of the heating heating chamber 10, and has: a

15 plurality of heating rods 12 for generating heat; an
air blowing fan 13 which is located below the heating
rods 12 to generate upward heated air flow; and a
perforated stainless steel plate 14 located above the
heater 12. With this structural arrangement, as the

20 air within the heating heating chamber 10 is blown
upward by the air blowing fan 13, and is heated by the
heating rods 12. Then, the heated air flow is
uniformly diffused as it passes through the perforated
plate 14. After passing through the perforated plate

25 14, the heated air hits the top wall of the heating
heating chamber, moves downward through a return path

15, and is suctioned by the air blowing fan 13, being



heater 12. Wth this structural arrangenment, as the 20 air within the
heating heating chanmber 10 is bl own upward by the air blowng fan 13, and
is heated by the heating rods 12. Then, the heated air flowis unil Bd{iH 04
diffused as it passes through the perforated plate 14. After passing
through the perforated plate 25 14, the heated air hits the top wall of the
heati ng heating chanber, noves downwar-d t-hrough a return path 15, and is
suctioned by the air blowing fan 13, being 1 31 OC T 1004 -17 agai n bl own
upward to circul ate through the heating heating chanber 10. The internal
tenperature of the heating heating chanber 10 is kept constant by an

uni | | ust r at echgaani mdldwm@pveans . té diosatleadkeabdviecudie tleatlezhtaing f | ow
generating wunit 11 is a nolding unit 20 which holds a bl ock 50 of

mul ti | ayer ed Heatriongs atemréal 1 G + orffhehel nloprend tepematerelest e nol di ng
unit 20 has top and bottomdies 22 and 21, which are structured so that
they can be Iegliageddating ¢hanhed ¥ ohg hort RSP RNIMY chanber 10,
i ndependent|ly of each other. The top die 22 is supported by a top die

gui de 26 whi emiddmferatisy PR R BRAFHard by an unillustrated driving

means, so that the top die 22 can be noved gg or do 15 in the heating
heating chanmber 10. THEGaHed VIt RRAEEY Jhbukl PheISRAt - A9 whi ch t he

(0P, e 22, N P B S BIERS, T SR A R a5 St b St
multilayered fibrous material from the top and bottom
sides. The molding unit 20 has top and bottom dies 22
and 21, which are structured so that they can be

10 placed in, or removed from, the heating heating
chamber 10, independently of each other. The top die
22 is supported by a top die guide 26 which can be
moved upward or downward by an unillustrated driving
means, so that the top die 22 can be moved up or down

15 in the heating heating chamber 10. The left half of
Figure 1 shows the state in which the top die 22 has
been moved upward, whereas the right half shows the
state in which the top die 22 has been moved downward.
The top and bottom dies 22 and 21 are structured so

20 that heated air can be passed upward through them as
will be described later, and also so that they do not
deform when compressing the multilayered fibrous
material 50. Therefore, the top and bottom dies 22
and 21 are perforated stainless steel plates.

25 Here, the multilayered fibrous material 50
will be described. The multilayered fibrous material

50 is a block of multilayered webs of fibers, and the



The top and bottomdies 22 and 21 are structured so 20 that heated air can
be passed upward through themas wIll| be described |ater, and al so sjuﬁg@M
they do not deform when conpressing the nmultilayered fibrous nmatefi”
Therefore, the top and bottomdies 22 and 21 are perforated stainless
steel plates. 25 Here, the nmultilayered fibrous material 50 wll be
described. The nultilayered fibrous mat@rd-al 50 is a block of nmultil ayered
webs of fibers, and the 1 35 0 C T 2004 _18 fibers are extended nore or
less in parallel. It is produced using a carding nmachine (unillustrated),

a cross-layer machine (unillustrated), or the like. The weight per unit
of area, of tfi®end tadeapertethdddmmrs Bmtesys din 5@yl vk er nd fheks dependi ng
on the usage of the finished product. It is given a predetermned size.
The direct i opriodudeidc ustime el etian g tuaskeicng s(urgarlisteratefdthedgravity
direction, and coincides with the vertical direction in Figure 1. The

di rection inck@sshilelyed machifie @aidddatratadpbr & n‘ﬁi%l%rlk‘?)erp@ﬁ%h cul ar
to the direction in which the webs are stacked, and coincides with the

| eft-to-rightveidilMe@daomnid QheaFedntef dihe ks T ke bl PEYEre 1. In
this enbodi mrent, a Iarsge sheet of rrultlla ered 15 fibrous material, which

i s producéd usiteritHe Shfidy HRIRTHITEH Y MR CHR nERe 129989t ayi ng

machine, or the like, is_ cut into ap OXI maIeI S uargetgreces havi ng a

di mensi on of e dHERRRIYANCHO0 Him 1S giverl minéd

size. The direction in which the webs are stacked is
parallel to the gravity direction, and coincides with
the vertical direction in Figure 1. The direction in
10 which fibers are extended is approximately
perpendicular to the direction in which the webs are
stacked, and coincides with the left-to-right
direction, or the front-to-rear direction, in Figure
1. In this embodiment, a large sheet of multilayered
15 fibrous material, which is produced using the
aforementioned carding machine, a cross-laying
machine, or the like, is cut into approximately square
pieces having a dimension of an approximately 1,000 mm
x approximately 1,000 mm, and these pieces are used as
20 the multilayered fibrous material blocks 50. It
should be noted here that it is not always necessary
that the multilayered fibrous material 50 is
directional; the fibers in the multilayered fibrous
material 50 may extend in random directions. The bulk
'25 density of the multilayered fibrous material 50 is
desired to be approximately uniform.

As for the material for the fibers 51 in the



X approximately 1,000 nm and these pieces are used as 20 the nultil ayered
fibrous material blocks 50. It should be noted here that it is not afwﬂgf
necessary that the nultilayered fibrous material 50 is directional ;'Y 2004
fibers in the nultilayered fibrous material 50 may extend in random
directions. The bulk 25 density of the nultilayered fibrous material 50 is
desired to be approximately uniform As-f®f the material for the fibers 51
inthe | 3 0C17004 -19 nmultil ayered fibrous material 50, a type of fiber
structured of two portions: core portion 5la of polypropyl ene, and sheath
portion 51b of polyethylene which sheaths the core portion 51la, as shown
in Figure 5 Zulits lsseread fillerdusdpanataridd Sknbodiyveatof (hbhernafter,
sheathed fiber ). The nelting point of polypropylene is approximtely
180C, and thetmiatiuged mf wafPgpol ey | epke i ROEpheBx? hatefy 130C.
Therefore, the difference in nelting point between the 10 two materials is
appr oxi nat e @G ypxoHwene baand gghepterPortien bk hoh BPhvetdyleres pmto
50 pmis generally used. In this enbodinment., fiber with a dianmeter of
appr oxi mat el WhIG AR thsh 1) Co%e |RRECE 190 t hbRigh? § hehaBbvit dBLgRF Bed

sheathed fiber 15 51 is used ip this. enpodinment, the fiber structure does
not need to He IiSi4sef 135 tHS g’tk?%t’cf??hﬁre&é‘?(%’n‘ﬂ?%{: a bl end between

pure p0|yprO%ﬂé?&i&é%%ﬁrfﬂmkheathed fiber ). The melting point of

polypropylene is approximately 180°C, and the melting
point of polyethylene is approximately 130°C.
Therefore, the difference in melting point between the
10 two materials is approximate 50°C. As for fiber
diameter, fiber with a diameter of 5 pym to 50 um is
generally used. In this embodiment, fiber with a
diameter of approximately 18 pm (2 deniers) is used.
Although the above described sheathed fiber
15 51 is used in this embodiment, the fiber structure
does not need to be limited to this structure. For
example, a blend between pure polypropylene fiber and
pure polyethylene fiber, or a blend between sheathed
fiber formed of polypropylene and polyethylene, and
20 pure fiber, may be used. When the sheathed fiber 51
is used, the polyethylene is present at all
intersections among the fibers, and therefore,
virtually all fibers are securely fixed to the fibers
in contact with them, at their intersections. As a
25 result, sturdy fibrous aggregate is produced. When a
blend between polyethylene fibers and polypropylene

fibers is used, the ratio at which the fibers are



pure pol yethylene fiber, or a blend between sheathed fiber fornmed of
pol ypropyl ene and pol yet hyl ene, and 20 pure fiber, may be used. Wen the
sheat hed fiber 51 is used, the polyethylene is present at all 1 5 0CT 2004
i ntersections anong the fibers, and therefore, wvirtually all fibers are
securely fixed to the fibers in contact with them at their intersections.
As a 25 result, sturdy fibrous aggregate,js produced. Wen a blend between
pol yet hyl ene fibers and pol ypropylene fibers is used, the ratio at which
the fibers are 1 32 OCT 2004 -20 fixed to the fibers in contact with
them at their intersections, varies depending on the blending ratio

between the pplyvel hyd e F§PssSs and EohYAEORY] @nechdm Pess. thdi pt her words,
the fi ber fiE@%-toPgéber 5 fixation occurs only at the intersections where

a polyethyl e{}?‘féé tiSnd N $OPASt qubdid BRQtAEr thdObYEhdyheneatiber. Thus,
enpl oynent of the %%%ve described blend is useful to obtain relatively

soft fibrous,agee&9atke FoIFbehylenentiborghamnel yolPwytepgldfeand
pol ypropyl ene are used as the material for the fibrous aggregate in this

enbodi ment, fipbesrsel echi@bhet swopdis| i the eflibert hebenetbafibes embodi nent,
as long as a plurality of selected fibers are different in nelting point
from each 9t herxafikh hetcutfconupbet the 16nteféecthvnsi sbesedaes not need
to be two; it may be three or nore. Next, the fibrous aggregate form ng
met hod polyethylene fiber is in contact with another
polyethylene fiber. Thus, employment of the above
described blend is useful to obtain relatively soft
fibrous aggregate. Further, even though polyethylene
10 and polypropylene are used as the material for the
fibrous aggregate in this embodiment, fiber selection
is not limited to the one in this embodiment, as long
as a plurality of selected fibers are different in
melting point from each other. Further, the number of
15 different fibers does not need to be two; it may be
three or more.
Next, the fibrous aggregate forming method
which uses the heating heating chamber 10 illustrated
in Figure 1 will be described with reference to a case
20 in which fibrous aggregate with an apparent density of
0.038 - 0.043 g/cm3 and a thickness of 35 mm is
formed.
(1-1) Preparatory Process
in order to form fibrous aggregate with an
25 apparent density of 0.038 - 0.043 g/cm3 and a

thickness of 35 mm using the aforementioned sheathed

fibers, the thickness of the multilayered fibrous



whi ch uses the heating heating chanber 10 illustrated in Figure 1 mﬁll be
described with reference to a case 20 in which fibrous aggregate wt

apparent density of 0.038 - 0.043 g/cnB and a thickness of 35 nn1|k5UETZW4
formed. (1-1) Preparatory Process In order to formfibrous aggregate with
an 25 apparent density of 0.038 - 0.043 g/cnB and a thickness of 35 mm
usi ng the aforenentioned sheathed fibersi-the thickness of the

mul tilayered fibrous 1 3 30ClL 2004 -21 material block 50 after it is
prepared, that is, after fiber stand webs are vertically stacked, are
lightly conpacted down, and are relieved of pressure, is desired to be
appr oxi mat el wmald}ian bltrk SkKbaftgr i s tprepandddi theat , is heaEfere, the
mul tilayered fibrous nmaterial block 50 with a thickness of 120 nm was
used. Referrfiitgr ctRmgluret8; dre stertheabby tobacked, 2drésliehbled fromthe
heati ng heating chanber 10 (Figure 1), and a ventilatory sheet 23 is spread
on 10 the batdmpactied AowiThemad tdree melit¢egdretl pregouse, nbserial bl ock 50
is placed on the ventilatory sheet 23. The edge portions of the
ventilatory shessirexB t e artereinatelnel BotmdBn{ 0@ 21150t Fhei ghti ng

bl ocks 24. In order to assure that there will be a 15 sufficient anount of
mar gi n uséd Whishenkadimenty BreE&Eona. tthantpbiilarered: f1BTBP§ sheet 23,

and also in order to allow the ventil atory sheet 24 o fl oat
material block 50 with a thickness of mm was used.

Referring to Figure 3, first, the bottom die

21 is removed from the heating heating chamber 10
(Figure 1), and a ventilatory sheet 23 is spread on

10 the bottom die 21. Then, the multilayered fibrous
material block 50 is placed on the ventilatory sheet
23. The edge portions of the ventilatory sheet 23 are
anchored to the bottom die 21 with weighting blocks
24. In order to assure that there will be a

15 sufficient amount of margin used by the weighting
blocks 24 to anchor the ventilatory sheet 23, and also
in order to allow the ventilatory sheet 24 to float
from the bottom die 21 during the heating process
which will be described later, the size (size of the

20 entirety of the surface on which multilayered fibrous
material block 50 is placed) of the ventilatory sheet
24 is rendered sufficiently large compared to the size
of the exact portion of the surface of the ventilatory
sheet 24, on which the multilayered fibrous material

25 block 50 is placed.

On the top surface of the multilayered

fibrous material block 50, a ventilatory sheet 25



fromthe bottomdie 21 during the heating process which will be described
| ater, the size (size of the 20 entirety of the surface on which 0

mul tilayered fibrous nmaterial block 50 is placed) of the ventilato1§ g%gg¥
24 is rendered sufficiently |large conpared to the size of the exact
portion of the surface of the ventilatory sheet 24, on which the
multilayered fibrous material 25 block2%86 is placed. On the top surface of
the nultilayered fibrous material block 50, a ventilatory sheet 25 13 OCT
2004 -22 simlar to the ventilatory sheet 24 is placed. The size of this
ventilatory sheet 5 is approximately the same as the size of the top
surface of tlsémifairt itioaydyee yemtidofeyasdeed 2 dék Peced- tH&Eqwo 5
ventilatory sheets 23 and 25, the bottomventilatory sheet 23 is required
to retain theimel Ofl &pdseyertiigaded imfhestal® biso APPSR IME Y] % H'heat i ng
process which wll be described |later, and therefore, it is required that
the ventil at s@jes@setthes size; gfating &Pplﬁusﬁffaﬁecioént‘%? engagi ng or

entangling with the fibers of the | tilayered fibro terjial block 50,
and al so cap@ﬂl@lm%;%wsof“a%ﬁ% #@‘q‘:ﬁ‘ a#r?b'enﬁfro nt[wo! n whi ch
e ST BP S S, LRI o e T SR R R Dlock
fibrous mt erlal, DLACk SGdRuBIE 49 JIOR d HRAVFLySsgprated from the
fibrous material block 50 during the heating process
which will be described later, and therefore, it is
required that the ventilatory sheet 23 is capable of
10 sufficiently engaging or entangling with the fibers of
the multilayered fibrous material block 50, and also
capable of stretching or shrinking in an environment
in which heat is applied. I1f the fibers of the
multilayered fibrous material block 50 do not entangle
15 with the ventilatory sheet 23, when the multilayered
fibrous material block 50 is made to float, it becomes
separated from the ventilatory sheet 23; the
ventilatory sheet 23 fails to remain in contact with
the multilayered fibrous material block 50.
20 On the other hand, the top die 22 (Figure 1)
has been set in advance in the heating heating chamber
10. In this state, it is desired that the top die 22
has been heated to a predetermined internal
temperature of the heating heating chamber 10, which
25 will be described later. If the temperature of the
top die 22 is too low, the fibers are rapidly cooled

and solidify, making it impossible to uniformly



ventilatory sheet 23 fails to remain in contact with the nultilayered
fibrous material block 50. 20 On the other hand, the top die 22 (Figure 1)
has been set in advance in the heating heating chanber 10. In this $G4{§, 2004
it is desired that the top die 22 has been heated to a predeterm ned

I nternal tenperature of the heating heating chanber 10, which 25 will be
described later. If the tenperature of -2lse top die 22 is too low, the
fibers are rapidly cooled and solidify, nmaking it inpossible to uniformy
130CT2004 -23 conpress the nmultilayered fibrous material block 50, as the
top die 22 cones into contact with the nultilayered fibrous material block
50 in the cesppeessnghpr andtd lalyieiedniflilb domsdesdrd hied |tttk 30 [ 1- 2)
Heating Process After the nultilayered fibrous material block 50 is
mount ed on t he lsbit ampdidd e2 2 2asotesc iinted canbhasst wiltdh bte om die 21 on
which the nultilayered fibrous nmaterial block 50 is nmounted is set in the
heati ng 10 heatlitnd ageaekef ibFoust matieristladdoakhedhogi thihmm of the top die
22 is such that as the nultilayered fibrous material block 50 is set in
the heating cbheatriessicgarrecesd wigdp Wid lcrheatdas dribhednlater- nul til ayered
fibrous material block 50 and the top die 15 22, as shown in Figure 4.
Further, fhe (ilneri deadfing FEAE€HS ng heati ng chanber 10 has been heated in

advance to a desirable tenperature. As described )
After the multilayvered fibrous material block

50 is mounted on the bottom die 21 as described above,
the bottom die 21 on which the multilayered fibrous
material block 50 is mounted is set in the heating
10 heating chamber 10. At this stage, the position of
the top die 22 is such that as the multilayered
fibrous material block 50 is set in the heating
heating chamber 10, a gap is created between the
multilayered fibrous material block 50 and the top die
15 22, as shown in Figure 4. Further, the interior of
the heating heating chamber 10 has been heated in
advance to a desirable temperature. As described
before, the multilayered fibrous material block 50 is
formed of the aforementioned sheathed fiber, that is,
20 fiber having core and sheath portions formed of
polypropylene and polyethylene, respectively, and
therefore, the temperature to which the interior of
the heating heating chamber 10 is to be heated has
only to be between the melting point (approximately
25 130°C) of the polyethylene and the melting point
(approximately 180°C) of polypropylene, and also

higher than the softening point (approximately 120°C)



before, the nmultilayered fibrous material block 50 is forned of the

af orenenti oned sheathed fiber, that is, 20 fiber having core and sheﬁgla

portions formed of pol ypropyl ene and pol yet hyl ene, respectively, an CT 2004

therefore, the tenperature to which the interior of the heating heating

chanber 10 is to be heated has only to be between the nelting point

(approxi mately 25 130C) of the polyethyt&he and the nelting point

(approxi mately 180C) of pol ypropyl ene, and also higher than the softening

poi nt (approxi mately 120C) 1 3 OCT 2004 -24 of the polypropylene. In this

enbodi ment, the interior of the heating heating chanber 10 was set to

140C. After st tlihsy pHeyIAROBRE ¢ 24N | this empokimenty. hek@i ng chanber 10,

the air blowng fan 13 is driven to bl ow heated air toward the

nul til ayer ed irffiggrious ofattdie dredft iRk BRI SRABREF hEC R s i $ayefed

fibrous material block 50 to heat the multilayered fibrous material block

50. The air B4i%hhg fan 13 is 10 set so that the velocity of the upward air
8 msec. As

fl ted by th ir bl ow f 3 b 0 - 0
deg\(lzvr i gggelrogf gr e, yt hee”r)%!t?r’brﬁ%wlg%pﬂg‘? é%Ot%"?a ’fie 2%§a+% % ned of

f t | ate,. the multil fi .material b k, 50. ]
Candui ahed © FPTha R I IR e Lent T1aior) heafao 2598 yosb°
Therefore, t hfgjgvf%%géj%;\'?fodr Sﬁlé%tf&l UQJS%?{%chﬁ’aﬁgdmuiP{ pygh Lhe

mul til ayered eria ock

fibrous material block 50 from below the multilayered
fibrous material block 50 to heat the multilayered
fibrous material block 50. The air blowing fan 13 is
10 et so that the velocity of the upward air flow
generated by the air blowing fan 13 becomes 0.3 - 0.8
m/sec. As described before, the bottom and top dies
21 and 22 are formed of perforated plate, and the
multilayered fibrous material block 50 is sandwiched
15 by the top and bottom ventilatory sheets 23 and 25.
Therefore, the heated air is more uniformly passed
through the multilayered fibrous material block 50.
Incidentally, in order to prevent the bottom and top
dies 21 and 22 from interfering with the ventilatory
20 performance of the ventilatory sheet 23 and 25, the
sizes and densities of the perforations of the bottom
and top dies 21 and 22 are selected so that the
ventilatory performances of the bottom and top dies 21
and 22 become approximately the same as, or greater
25 +than, those of the ventilatory sheets 23 and 25. The
air blowing fan 13 is driven to generate such a heated

air flow that is capable of keeping the multilayered



Incidentally, in order to prevent the bottomand top dies 21 and 22 from
interfering with the ventilatory 20 perfornmance of the ventilatory fhg@qzﬁg
and 25, the sizes and densities of the perforations of the bottom '&nd't
dies 21 and 22 are selected so that the ventilatory performances of the
bottomand top dies 21 and 22 becone approxi mately the sane as, or greater
25 than, those of the ventilatory sheets223 and 25. The air blowng fan 13
is driven to generate such a heated air flow that is capable of keeping
the multilayered 1 3 0 C T 2004 -25 fibrous material block 50 afl oat above
the bottomdie 21, against the gravity G in such a manner that the

mul til ayered filrous material block 50 aeheshsabpaveohhackoliten dhe top die
22 wi thout being conpressed 5 thereby. In other words, the fibers

t hensel ves ar2l, kagaingt otle b§ravittHeat et afnChr anPpenew, thAt| Ehehe

mul tilayered fibrous material block 50 is being held by the top die 21 by
the top surfaeeltifareresd ef ibFRus PpeeTiadt Pheclyradi rgmahNeniaf fects each
fiber is 10 reduced. Further, the interposition of the ventilatgry sheet
25 bet ween t HePRBRCE ik etle tRR dhﬁl% | WERRUE 1 PBFBESCREPEFFEPD] ock 50

d the top die 22 ts the bulk depsity of the top,| f th
mul | ayerbd VROGRE, et RrgSRSD| BeRAS0 FPont URGb ROTSCLERS) F5ohi gh. 1 n

oL oor s Jhal §FoBE LS, R s Al Faf BRI R R Beneat cc
multilayered fibrous material block 50 is being held
by the top die 21 by the top surface. Therefore, the
effect of the gravity which affects each fiber is

10 reduced. Further, the interposition of the
ventilatory sheet 25 between the top surface of the
multilayered fibrous material block 50 and the top die
22 prevents the bulk density of the top layer of the
multilayered fibrous material block 50 from becoming

15 locally high. In other words, with the provision of
the above described heating arrangement, the
multilayered fibrous material block 50 can be heated
while keeping the multilayered fibrous material block
50 virtually before heating.

20 bs described above, the multilayered fibrous
material block 50 is caused to flocat by the heated
air. However, the fiber stands of the multilayered
fibrous material block 50 have sufficiently entangled
with the ventilatory sheet 23, and further, the edge

25 portions of the ventilatory sheet 23 are anchored to
the bottom die 21 by the weighting blocks 24.

Therefore, the ventilatory sheet 23 balloons as shown



20 while keeping the nmultilayered fibrous material block 50 virtually
before heating. As described above, the nultilayered fibrous material

bl ock 50 is caused to float by the heated air. However, the fiber 4tb{ds2004
of the multilayered fibrous material block 50 have sufficiently entangled
with the ventilatory sheet 23, and further, the edge 25 portions of the
ventilatory sheet 23 are anchored to timsbottomdie 21 by the weighting

bl ocks 24. Therefore, the ventilatory sheet 23 balloons as shown 1 3 OCT
2004 -26 in Figure 5; the amount of the lift of the nultilayered fibrous
material block 50 and the attitude of the nmultilayered fibrous materi al

bl ock 50 aran eggateed bytliheamenit |aff orhe shicet @8 Hsethe 5 nultil ayered
fibrous material block 50 is lifted by the heated air. By regulating the
posi tion and mAtdiiltaykerenf fiterond tndttyerad bidrious0 nenérthe bl ock 50 while
the nultilayered fibrous material block 50 is kept afloat by the heated
air, it is assuriachdehatf ttthe IMiliul kayexed ctiitorpusaberbal apleFlcR050 is
uniformy heated by the heated air. If the meighting bl ocks 24 are not
used, the fadeowiemnlatsyd oy Brewentthbatesy sheeheldepdcthg of the
heated air bl own upward fromdirectly below the 15 nultil ayered fibrous
materi al Bl ock130 Jayenedkskikeqys magriahd ek i PQykPelifF8dob¥ materi al

bl ock 50 is ) .
the heated air. By regulating the position and

attitude of the multilayered fibrous material block 50
while the multilayered fibrous material block 50 is
kept afloat by the heated air, it is assured that the

10 multilayered fibrous material block 50 is uniformly
heated by the heated air.

If the weighting blocks 24 are not used, the
following problems occur. That is, if the velocity of
the heated air blown upward from directly below the

15 multilayered fibrous material block 50 is excessively
high, the multilayered fibrous material block 50 is
pressed against the top die 22 with excessive force,
and therefore, the bulk density of the top portion of
the multilayered fibrous material block 50 becomes

20 greater than that of the bottom portion of the
multilayered fibrous material block 50. On the other
hand, if the heated air velocity is excessively low,
the multilayered fibrous material block 50 fails to be
lifted, and the fibers softened by the heated air

25 droop downward, causing the bulk density in the bottom
portion of the multilayered fibrous material block 50

to become greater than that in the top portion of the



pressed against the top die 22 with excessive force, and therefore, the
bul k density of the top portion of the nultilayered fibrous material block
50 becones 20 greater than that of the bottom portion of the nulti]l32yEr ®Hok
fibrous material block 50. On the other hand, if the heated air velocity
Is excessively low, the nultilayered fibrous material block 50 fails to be
lifted, and the fibers softened by the h2ated air 25 droop downward,
causing the bulk density in the bottom portion of the multilayered fibrous
material block 50 to becone greater than that in the top portion of the 1
3 OCT 2004 -27 multilayered fibrous material block 50. In either case,
unl-ess the hemiktli bayered bf bwnoupwaatentiad bproperOvel bui eythehe bul k
density of the nmultilayered fibrous material block 50 will not turn out to
be 5 uniformedser whketeatheaghepbeddahnralsyblownupwardpatseble to control
the heated air velocity so that the nultilayered fibrous material block 50
is lifted arprdeer wéloaityanthehbutkidessitpfofheheopudtila¥ereds the
multilayered fibrous material block 50 remains 10 virtually evenly in
contact with fherowp makeppal piaskt SBatisl hgnPhetvbp PBEL FBNPBF the

mul tilayered fibrous material block 50 to be congrfssed agginst the top
die 22, the weahferRgabreekknosharting: 15nREARREA Yy FEqbfFr&F. Furt her,

the Ventllatoggsgrgfé %g Egntrol the heated air velocity so that

the multilayered fibrous material block 50 is lifted
and kept afloat, and the entirety of the top surface
of the multilayered fibrous material block 50 remains

10 wvirtually evenly in contact with the top die 22
without causing the top portion of the multilayered
fibrous material block S0 to be compressed against the
top die 22, the weighting blocks 24 are not
necessarily required.

15 Further, the wventilatory sheet 23 is
entangled with the fibers of the multilayered fibrous
material block 50 to a proper degree, which in turn
increases the frictional resistance between the
ventilatory sheet 23 and multilayered fibrous material

20 block 50. Therefore, it is difficult for the
multilayered fibrous material block 50 to horizontally
shift relative to the ventilatory sheet 23. Thus, the
multilayered fibrous material block 50 is prevented
from being shifted, stretched, or compressed by

25 external physical force during this heating process,
compressing process, and cooling process. As a

result, a block of fibrous aggregate uniform in



entangled with the fibers of the nultilayered fibrous material block 50 to
a proper degree, which in turn increases the frictional resistance between
the wventilatory sheet 23 and nultilayered fibrous material 20 bl o4k (HT. 2004
Therefore, it is difficult for the multilayered fibrous material bl ock 50
to horizontally shift relative to the ventilatory sheet 23. Thus, the

mul tilayered fibrous material block 50 isgprevented from being shifted,
stretched, or conpressed by 25 external physical force during this heating
process, conpressing process, and cooling process. As a result, a block
of fibrous aggregate uniformin 1 3 OCT 2004 -28 density is produced.

Regar di ng t hggehagus, dasgridmisbdd fting and keeping afloat of the
mul tilayered fibrous material 5 block 50, at |east the opposing two edge

portions of the ventifajfdishesie 23@racessdnisent beftivhghahie pol ygonal
flat bottomsurface of the nmultilayered fibrous material block 50 are
prevented frqmddifld Elodly dEitige anchiol balydyed heipeogstmagebiatks 24, and
since the ventilatory sheet 23 is ballooned upward by 10 the heated air,
the mul til ayeyiest| i3 oust nedest athe bdbopds blig otwd hedgenportiong slieet 23 is
actually lifted and kept afloat fromthe bottomdie 21. Therefore, the
upward fl dw afhd heertedtsrbay rshaet p?2 2vehteed f ioncestaptngithotihehe | at er al

sides of the

polygonal flat bottom surface of the multilayered
fibrous material block 50 are prevented from lifting,
by being anchored by the weighting blocks 24, and
since the ventilatory sheet 23 is ballooned upward by

10 the heated air, the multilayered fibrous material
block 50 on the ventilatory sheet 23 is actually
lifted and kept afloat from the bottom die 21.
Therefore, the upward flow of the heated air is
prevented from escaping from the lateral sides of the

15 multilayered fibrous material block 50. As a result,
the bulk density of the multilayered fibrous material
block 50 remains as desirable as possible in terms of
the horizontal direction as well as the vertical
direction, that is, the direction of thickness, almost

20 to the surfaces of the multilayered fibrous material
block 50.

At this time, the characteristic, in terms of
temperature increase, of the multilayered fibrous
material block 50 formed of such sheathed fiber that

25 has a polypropylene core and a polyethylene sheath
will be described. Figure 6 is a graph which shows

the characteristic of the multilayered fibrous



15 multilayered fibrous material block 50. As a result, the bulk density
of the nmultilayered fibrous material block 50 renmains as desirable as
possible in ternms of the horizontal direction as well as the vertiic®OCT 2004
direction, that is, the direction of thickness, alnbost 20 to the surfaces
of the nmultilayered fibrous material block 50. At this time, the
characteristic, in terns of tenperatureZ?ncrease, of the multil ayered
fibrous material block 50 formed of such sheathed fiber that 25 has a

pol ypr opyl ene core and a pol yet hyl ene sheath w |l be described. Figure 6
Is a graph which shows the characteristic of the nultilayered fibrous 1 3
OCT 2004 2g materidh bbdekk5G0in nteERrAschi tempPERtiIe cinPER@88e. I n
Figure 6, the axis of ordinates represents tenperature, and the axis of
absci ssas reptesEiqure e aptael #eht i Pf erdbnatepsrepeesents| ayered fi brous

material block 50 is placed_in the heatin%hgeating chanber 10 which has

been heated téeBPeERHete ( AP HRYr3%HF 2B chS$2S| BoRFeE#RRSt he nel ti ng

point S2 (approxi mately 180C) . of the pol ypropyl ene, the tenperature of the
10 nul til ayer@tPB$eH ocahbi@rFa® bl ock 50 rises to the nelting point S

(apor oxt ol y 1300 ofg Lyt 061 £ PR7Ec8h B bilin decd®: oo LETpESR! e,
begins to nel{g ngkégeiﬁegggrﬂé§£§n8fheating chamber 10 which has
been heated to a target temperature of 53 which is
lower than the melting point S2 (approximately 180°C)
of the polypropylene, the temperature of the
10 multilayered fibrous material block 50 rises to the
melting point S1 (approximately 130°C) after the
elapse of a time Tl. As the temperature of the
multilayered fibrous material block 50 reaches S1, the
polyethylene begins to melt, and the temperature of
15 +the multilayered fibrous material block 50 remains at
S1 until the polyethylene, that is, the material of
the sheath portion, completely melts.
Then, after the passage of a time T2, that
is, as the polyethylene completely melts, temperature
20 of the multilayered fibrous material block 50 again
begins to rise, and reaches the target temperature 53
of the heating heating chamber 10 after the elapse of
a time T3. Since the temperature $3 has been set to
be lower than the melting point S2 of the
25 polypropylene, it does not occur that polypropylene
melts and allows the structure of the multilayered

fibrous material block 50 to collapse.



15 the nultilayered fibrous material block 50 remains at Si until the

pol yethylene, that is, the material of the sheath portion, conpletely
melts. Then, after the passage of a tinme T2, that 1is, as the pol yetthyDenej
conpletely nelts, tenperature 20 of the nultilayered fibrous materi al

bl ock 50 again begins to rise, and reaches the target tenperature S3 of

t he heating heating chanber 10 after theygel apse of a tinme T3. Since the
tenperature S3 has been set to be lower than the nelting point S2 of the
25 pol ypropyl ene, it does not occur that polypropylene nelts and allows
the structure of the nultilayered fibrous material block 50 to collapse. 1

3 OCT 2004 -30 In the aage cfsd kef rafd ishayered didt ofisbrmieri al bl ock 50
in this enbodinment, the size of which is 1,000 nmx 1,000 mm the proper

| engths of Thtebd.alamd otk @ itD tHi%s rdnhddserdt), -t1R0 sizeites, 5 and 20 -
25 mnutes, correspondingly. In this process, causing the fibrous materi al
bl ock 50 to fJnaah iiss 1adNtnageous, 400 espeditier o dpehel englthefof he
ventilatory sheet 23. If the fibrous material block 50 is not caused to
float, the stmte Tf, Hhdbdhpreadkd is mifftrentlbet Rrmbaibeent t he
opened portions and adjacent the closed portions of the die 21, whichis
t he perfomsat ethdl2dt e &5 suigiutess cneegspondingky enbodi nent. the heated air
passes through the opened portions, and therefore, the portions_adjacent
In this process, causing the fibrous material
block 50 to float, is advantageous irrespective of the
use of the ventilatory sheet 23. If the fibrous
material block 50 is not caused to float, the state of
10 being heated is different between adjacent the opened
portions and adjacent the closed poftions of the die
21, which is the perforated plate of stainless steel
in this embodiment. the heated air passes through the
opened portions, and therefore, the portions adjacent
15 the openings is more quickly heated with the result
that the temperature distribution in the fibrous
material block 50 is not uniform, and the produced
fibrous material may be non-uniform. However, by
causing the fibrous material block 50 to float as with
70 this embodiment, there is provided a gap between the
bottom die 21 and the bottom portion of the fibrous
material block 50. The perforations and the gap
function like a damper such that the hot air can
relatively uniformly hit the bottom of the fibrous
25 material block 50 to uniformly heat the block 50.

Thus, a uniform fibrous material block can be

produced.



15 the openings is nore quickly heated wth the result that the

tenperature distribution in the fibrous nmaterial block 50 is not uniform
and the produced fibrous material may be non-uni form However, by t3d<il a4
the fibrous material block 50 to float as with 20 this enbodinment, there is
provi ded a gap between the bottomdie 21 and the bottom portion of the
fibrous material block 50. The perfor&I?bﬁs and the gap function like a
danper such that the hot air can relatively uniformy hit the bottom of

the fibrous 25 material block 50 to uniformy heat the block 50. Thus, a

uni formfibrous material block Fan be produced. 1 3 OCT 2004 -31 (1-3)
Conpr essi ng Frloces CAREST M t'0 G e 7, after the entirety of the
|

mul til ayered fibrous gqaezrgr ir?ilen clg,%?%(?l%;g%%%g?fz Réié’){tp’?%{:fg?ft he top

die 22 is lowered to rr-ous na bl ock 50

to a predetqéﬂ%qggjﬁg%ﬁ%gggf éég#ékékﬁggéggalfgl§£#5505{§ge, it is desired

that the top een to approxi ma y the sane tenperature

as that = of the dllaveredddfigusenmtes) idl 2gkso01odbigallois for the

fol |l ow ng reason enperat ure e top die 22 1s lower than the

mel ting poj nt.of, thes ﬁ&lfxmlhyi s MbY CHy 364 §s affa BEPES1 VB1odkespotyet hyl ene
in the topnné% ﬁ%rtlon of the Hﬁ?ﬁ?layered fibrous material block 50
solidifies, caysidubidignfndierenimess (bulk density). At this
stage, it is desired that the top die 22 has been
heated to approximately the same temperature as that
of the multilayered fibrous material block 50. This
10 is for the following reason. If the temperature of
the top die 22 is lower than the melting point of the
polyethylene which acts as adhesive, the polyethylene
in the topmost portion of the multilayered fibrous
material block 50 solidifies, causing the fibers to be
15 welded to the adjacent fibers. As a result, such a
problem occurs that the bulk density of the top
portion of the multilayered fibrous material block 50
becomes locally high; the bulk density of the top
portion of the multilayered fibrous material block 50
20 becomes undesirably higher than that of the rest.

In this compressing process, the heated air
flow is not stopped, and therefore, the multilayered
fibrous material block 50 is compressed while the
gravity acting on each fiber is being cancelled by the

25 flow. As a result, the multilayered fibrous material
block 50 is compressed while maintaining uniform bulk

density throughout its entirety. As the multilayered



15 wel ded to the adjacent fibers. As a result, such a problemoccurs that
the bulk density of the top portion of the nultilayered fibrous nateri al

bl ock 50 becones locally high; the bulk density of the top portion »0(CT 7684
multilayered fibrous material block 50 20 becones undesirably higher than
that of the rest. In this conpressing process, the heated air flowis not
stopped, and therefore, the nultilayered32fibrous material block 50 is
conpressed while the gravity acting on each fiber is being cancelled by
the 25 flow. As a result, the nultilayered fibrous material block 50 is
conpressed whil e maintaining uniformbulk density throughout its entirety.
As the mul tilmiras macdyrmY B00dk -32 fs ramsresded | athédlmakk 50 i s
conpressed, the bulk density of the nmultilayered fibrous nmaterial block 50
gradual | y i nadeasiesy afikimg miloblavelrédi tibrodsrmaterigkabbocki $0t o pass
through the nultilayered fibrous 5 material block 50, and for heat to
conduct t hr ougiedueel 1yninctesseed fabiousi tonere adibfbculb0foThthe it is
desired that while conpressing the nmultilayered fibrous material block 50,
the heated aihkedtadvabr tdiphssythedugedthannglttlaperedefibrowsdi ng reason.
10 As the bulk density increases, the increased bulk density decreases the
venti | abi 5 t ynatreir takerpddck cobduerd viey beat hko neppdraletbaonghr bhs
material block 50, which in turn causes the entirety of the nultilayered
fibrous matermaltblarered fHPpeuUS| Bakerial block 50.7 Thus, it is

desired that while compressing the multilayered
fibrous material block 50, the heated air flow is
slightly reduced. This is for the following reason.

10 As the bulk density increases, the increased bulk
density decreases the ventilability and thermal
conductivity of the multilayered fibrous material
block 50, which in turn causes the entirety of the
multilayered fibrous material block 50 to be blown

15 upward and pressed against the top die 22 by the
heated air flow, resulting in the problem that the
bulk density of the top portion of the multilayered
fibrous material block 50 locally increases, or the
like problems. In this embodiment, the velocity of

20 the heated air flow in the compressing process was set
to 0.2 - 0.4 m/sec.

As for the compression speed (the speed at
which the top die 22 in this embodiment is lowered),
it matters very little when it is intended to obtain a

25 fibrous aggregate block with high bulk density (0.15

g/cm3 or more). However, when it is intended to

obtain a fibrous aggregate block with a low bulk



15 upward and pressed against the top die 22 by the heated air flow,
resulting in the problemthat the bulk density of the top portion of the
multilayered fibrous material block 50 locally increases, or the Ni3GT 2004
problens. In this enbodinment, the velocity of 20 the heated air flowin the
conpressing process was set to 0.2 - 0.4 msec. As for the conpression
speed (the speed at which the top die-23-4n this enbodinent is | owered),
it matters very little when it is intended to obtain a 25 fibrous aggregate
bl ock with high bulk density (0.15 g/cnB8 or nore). However, when it is
intended to obtain a fibrous aggregate block with a low bulk 1 3 O CT 2004
-33 density, dehsigyjesitr é¢ deati ridde tmatt ithay endd iflidyeotesi fitimousl bl ock 50
is conpressed at a slower speed. This is for the followi ng reason. If the
conpr essi on mspeed ails blliogh, Sfeficr edntpreswad aty ofsidvemsdnaéddyered 5
fibrous material block 50 is conpressed, the bulk density of the
mul ti | ayer edThiilsr dss fimat dhiealf Ad|loeidi IBD reasomeasds diha rorprizss$hogont act
with the top die 22, and the fibers on this side are welded to each other
whi |l e the bulsipeggngist ynigh .t ef ogiedd e iitisratigef Ashe onel tekayeredne
problemthat the bulk density of the top portion locally increases, or the
| i ke probPenmfibrossumatesizd block 50 is compressed, the bulk
density of the multilayered fibrous material block 50
increases on the side in contact with the top die 22,
and the fibers on this side are welded to each other
while the bulk density of this side remains high. As
10 a result, the problem that the bulk density of the top
portion locally increases, or the like problems,
Qccur.
Obviously, it is desired that also during the
compressing process, the top die 22 is lowered from
15 straight above while keeping afloat the multilayered
fibrous material block 50 by blowing the heated air
upward from directly below the multilayered fibrous
material block 50.
(1-4) Cooling Process
20 After compressing the multilayered fibrous
material block 50 to the predetermined thickness, the
top.and bottom dies 22 and 21 are removed from the
heating heating chamber 10, with the multilayered
fibrous material block 50 remaining compressed between
25 +he two dies, and the entirety of the two dies 22 and

21 and the multilayered fibrous material block 50 is

cooled. During this cooling period, the top die 22



25 Qbviously, it is desired that also during the conpressing process, the
top die 22 is lowered from straight above whil e keeping afl oat the1 0LT 2004
mul tilayered fibrous material block 50 by blowi ng the heated air uéw&pg
fromdirectly belowthe nultilayered fibrous material block 50. (1-4)
Cool i ng Process After conpressing the nultilayered fibrous material block
50 to the predeterm ned thickness, the -30p and bottomdies 22 and 21 are
renoved fromthe heating heating chanber 10, with the nultil ayered

fibrous material block 50 renmaining conpressed between the two dies, and
the entirety of the two dies 22 and 21 and the nultilayered fibrous

mat eri al bl oglky5®el keprogretgsdlitiown tdithes daltitogn phire o, Witwh ttidpedie 22 1
30C] 2004 -34 5 10 15 20 25 may be kept pressed toward the bottomdie 21
wth the usesef of weiwghighdr dihecHa Keiken tWil tth spamsrceq uni | | ustrated) with
a predeterm ned hei ght being placed between the top and bottom di es 22 and
21, so that (uhdldtasteateddhivcith ke migddenmimed fhdirghis bevr®ri al bl ock 50
has been kept conpressed in the
placed between the top and bottom dies 22 and 21, so
S that the state in which the multilayered fibrous
material block 50 has been kept compressed in the
heating heating chamber 10 can be exactly maintained
during the cooling period. As for the cooling method,
any method will do: natural cooling, forced cooling by
10 a cooling fan or the like. Further, the cooling may
be dbne within the heating heating chamber 10; the
interior of the heating heating chamber 10 is cooled
without removing the top and bottom dies 22 and 21
from the heating heating chamber 10.
15 After the temperatures of the surface layers
of the multilayered fibrous material block 50, that
is, the temperatures of the top and bottom surfaces of
the multilayered fibrous material block 50 in contact
with the top and bottom dies 22 and 21, respectively,
20 drop below the melting point of the polyethylene, the
multilayered fibrous material block 50 is separated
from the top and bottom dies 22 and 21, with the
perforated sheets 23 and 25 remaining with the
multilayered fibrous material block 50. At this
25 stage, the multilayered fibrous material block 50 has

already turned into the multilayered fibrous aggregate

block 55 (Figure 9), that is, the multilayered fibrous



heati ng heating chanber 10 can be exactly maintained during the cooling
period. As for the cooling nethod, any nethod will do: natural cool,i g
forced cooling by a cooling fan or the like. Further, the cooling ﬂé£ C 04
done within the heating heating chanber 10; the interior of the heating
heati ng chanber 10 is cooled w thout renoving the top and bottom di es 22
and 21 fromthe heating heating chanber35t0. After the tenperatures of the
surface layers of the nultilayered fibrous material block 50, that is,
the tenperatures of the top and bottom surfaces of the multilayered
fibrous material block 50 in contact wth the top and bottom dies 22 and
21, respectiwaitpriadr 3 asd W tife AFRASHISR Pl ftheofsante IR hyl ene, the
mul tilayered fibrous material block 50 is separated fromthe top and
bot t om di es izbéwszﬁgqfﬁqq?%é?l%fﬁfatae‘&@w&é} &he3 RERE DR Yemi ning with
the multilayered fibrous material blaock 50. At. this  stage, th
mul ti | ayer ed stiestéus 1@t i anﬁeo%%]gl mly Af FP AT iR oﬁ?‘ﬁe

e block 55 (Fi

t
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fibrous aggregate block 55.
After the separation of the top and bottom
dies 22 and 21 from the fibrous aggregate block 55,
10 the perforated sheets 23 and 25 are peeled from the
fibrous aggregate block 55 as shown in Figure 8 to
obtain the fibrous aggregate block 55 in the state
depicted in Figure 9.
By going through each of the above described
15 processes, the fibrous aggregate block 55 with an
apparent specific weight of 0.038 - 0.043 g/cm3 and a
thickness of 35 mm can be formed. The obtained
fibrous aggregate block 55 is cut into smaller pieces
of a predetermined size, or used in combination with
20 other fibrous aggregate block 55, depending on usage.
In the above description of this embodiment,
the case in which the fibrous aggregate block 55
having the aforementioned apparent specific weight and
the aforementioned thickness was formed using such
25 sheathed fiber that has a polypropylene core and a

polyethylene sheath, was stated. However, various

manufacturing conditions such as the aforementioned



fibrous aggregate block 55. After the separation of the top and bottom
dies 22 and 21 fromthe fibrous aggregate block 55, 10 the perforated
sheets 23 and 25 are peeled fromthe fibrous aggregate bl ock 55 as S A A 2004
Figure 8 to obtain the fibrous aggregate block 55 in the state depicted
in Figure 9. By going through each of the above described 15 processes,
the fibrous aggregate block 55 with an ‘%@Darent specific weight of 0.038 -
0.043 g/cnmB and a thickness of 35 mm can be fornmed. The obtained fibrous
aggregate block 55 is cut into smaller pieces of a predeterm ned size, or

di mbi nat i ith 20 ot her fi t | 55,.d d
usage. | In IR CRERETBTFORE oo 180 chbOHREE e e EaEE En i oh { he
fib te bl 55 _havj t ti d i fi
wei gt and. FHESAT hbrth oFea B E s RaioT b hent o FRETCERR 26 Sheat hed
fiber that h I h th t at ed.
Hovever | var BH0 S Wt PR PEREReE (T P Den€ULBL VERIEARLEE, PaplTl 5 5
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10 or velocit ed air ow are adjusted I'h accordance wth the

type, thi %k“%?é,fc?ﬂf?edphm&@fam%p%ttﬁé Réthbe hibsous aggsegate block to
5 be fornmed. According to the nethod used in this enbodinent, a thick and

uni form bl ockyg@fodidMOHS a thick and uniform block of fibrous

aggregate 55 having a bulk density ranging between

6.03 - 0.3 g/cm3, can be produced using a block of

multilayered fibrous material 50 having a bulk density
10 of approximately 0.02 g/cm3.

The thus formed fibrous aggregate block 55
possesses a proper amount of elasticity, and
therefore, can be used as a preferable interior
material for a seat, an armrest, a headrest, and the

15 1like for a passenger car, or a preferable cushioning
material for such furniture that is represented by a
bed and a sofa. Further, the fibrous aggregate block
55 is superior in water retention, and therefore, can
be used as a preferable material for a water retaining

20 member placed in various liquid containers in which
various ligquids are Kkept.

The fiber aggregate comprising fibers welded
at the crosing points of fibers is advantageous over
aggragated of non-welded fibers as follows.

25 When the aggregate is used of cushion, the
shape may lose relatively easily, and the cushion

performance varies since the fibers slide in response



aggregate 55 having a bul k density ranging between 0.03 - 0.3 g/cnB , can
be produced using a block of multilayered fibrous material 50 having a
bul k density 10 of approxinmately 0.02 g/cnB. The thus forned flbrpygc]2m4
aggregate bl ock 55 possesses a proper anmount of elasticity,
therefore, can be used as a preferable interior material for a seat, an
arnrest, a headrest, and the 15 |i ke foT33‘passenger car, or a preferable
cushioning material for such furniture that is represented by a bed and a
sofa. Further, the fibrous aggregate block 55 is superior in water
retention, and therefore, can_ be used E greferable n?herial for a water
*lafy S

retai ning 20 WRnER? SXERERR! nPTSFPLEE FF ®ohPafAERsOFACRhi ch  vari ous
liquids are ke 25 T €, flb t f b | d t th

crgS|ng p0|nt§g6?u??b% Pe gﬁeﬁﬁg g%ugogngQEQgggaﬁéF ﬁo%%me?ded ©
fibers as fol Wien t he aggrega f h h

Igse reIatlve¥§ee%5??§ln%n8°%ﬁg cgsh§8%§d¥ﬁ§f5§nﬁﬁgz %gpleg glnieafﬁenay

fibers slide iQ reggonsng?hgggqggggél §31591FH Sé%egﬂgh p%ﬁ sure relative

to each ot her 1"BeRaUZE o ers are not 0 eac er at the

Crossing ROi nkgy,e ACCRLARDY ERahBEsPEESEND bgggeh&eo,ahaeta@%b&bqga
rel ati onshi ps”anong % g Eers ﬁard 'y cﬁanges evey by pressure, and
therefore, the shape can be maintained, and the cushion
perfromance can be maintained.
When the aggregate is used as water-retaining
material, the fibers may become non-uniform due to

10 impact or water absorbing action with the result of
bulk density of the aggregate changes so that the
intended water-retaining performance is not provided.
By welding the fibers at the crossing points, these
problems can be avoided.

15 Furthermore, according to the present
invention, a welded fiber aggregate having a low bulk
density and large thickness can be provided. The low
limit of the density changes with the diameter
(denier) of the fiber. Generally, the difficuly of

20 production becomes greater with increase of the
thickness. According to the present invention, such a
low density fiber aggregate as 0.025g/cm3
with the thickness of 4bmm or 0.039/cm3 with
the thickness of 60mm could be produced. With

25 conventional methods, it has been difficult to produce
the aggregate of 0.06g/cm3 in density.

According to the present invention, the fiber



t he shape can be maintai ned, and the cushion perfromance can be

mai nt ai ned. When the aggregate is used as water-retaining material, _th
fibers may become non-uniformdue to 10 inpact or water absorbing abﬁﬂ&h?%4
with the result of bulk density of the aggregate changes so that the

I ntended water-retaining performance is not provided. By welding the
fibers at the crossing points, these proaplens can be avoided. 15
Furthernore, according to the present invention, a welded fiber aggregate
having a |l ow bul k density and | arge thickness can be provided. The | ow
limt of the density changes with the diameter (denier) of the fiber.

General 'y, thgyfiidddt@nawingOclps odigred i On deaoeslgseatieanw th increase of
the thickness. According to the present invention, such a |ow density
fiber aggregal @RS/ dih D25 a8 @dd hl ¢ herddicddegsent t BEnhdckBe §8gism8 i t h
the thickness of 60nm could be produced. Wth 25 conventional nethods, it
has been di f frictul ted=0 thiaod uicsmm t dred ot egerte Wiaw. @&yt cnBSaeh dansowy.
According to the present invention, the fiber 1 3 OCT 2004 -38 aggregate
havi ng the dehsiditwoffiistr |aggredare s 03¢yamBreevubeirvathéy pheduced when
the thickness is not |ess than 15mm and not nore than 60nm _Such a | ow
density fiSherdemuregs deborupbirrngedinsh trRAtPIPRSBIelf eb2B92def or mat i on

agai nst the pressure is |arge,
and therefore, it can be used for sheet of car or

cushins for furniture, or packing materials
particularly for ornaments of precious metal, jewels,
fragile materials or the like, for which cushion of

10 less elasticity and high restoring performance is
desired.

As described above, according to the fibrous
aggregate forming method in this embodiment which
employs the heating heating chamber 10, heated air is

15 blown upward at the multilayered fibrous material
block 50, which has not been compressed, from below
the multilayered fibrous material block 50 during the
heating process, and therefore, the heated air
smoothly climbs through the multilayered fibrous

20 material block 50 while exchanging heat with the
multilayered fibrous material block 50, efficiently
heating the multilayered fibrous material block 50 and
therefore reducing the heating time. Consequently, a
thick block of fibrous aggregate which is low in bulk

25 density can be formed.

At this time, the description of the

perforated sheets 23 and 25 will be supplemented.



and therefore, it can be used for sheet of car or cushins for furniture,
or packing materials particularly for ornanments of precious netal, ,j; H@M
fragile materials or the like, for which cushion of 10 |ess elasticﬂtsmg
hi gh restoring performance is desired. As described above, according to
the fibrous aggregate formng nmethod in this enbodi mrent which enploys the
heating heating chanber 10, heated air 78945 bl own upward at the

mul tilayered fibrous material block 50, which has not been conpressed,
frombelow the nmultilayered fibrous material block 50 during the heating
process, and therefore, the heated air snoothly clinbs through the

nul tilayered fibrous 22 RRIFTHPeD| BRLOED. wHre cPekEREAEPAgSHRAE éPth t he
mul tilayered fibrous material block 50, efficient] heati ng t he

mul til ayer ed 3% brRAIPLHEAR i 51961 SERSSE YRty ‘E%‘FE%%\JEe?eHacgﬁﬁdPﬁs heati ng
time. Consequently, a_ thick.block of fibrous, aggregate_whjch is lowin
bul k25 dond? tSRLS e Thrabd SOt 209FrastE L GER 55 phEfno Tt ne
perforated sheets 23 and_25 will. be s lepented. 1 3 2004 -39 As
descri bed befo?®,3% ep?kﬁ?ﬁwai%dbggéeaggﬁlggh ﬁ%epﬁﬁY?gﬁgggd B8 fectively
contri but to produc | [ g t 55 whi ch
S IOM/aﬁﬁ|ﬂ%#%§¥%¥é?%%ltn%g§%$P§$£%§i%;e@%ﬁ#gnggtEggg ﬁﬁpéﬁﬁggered

fibrous naterééﬁa*%f@& ?Po&rQQEbﬁsegaﬂgdie 21 during the heating

process. When only this aspect of the fibrous
aggregate production is taken into cohsideration, the
perforated sheet 25 on the top side is unnecessary.

10 Howewver, the perforated top sheet 25 contributes to
preventing the top surface of the mulfilayered fibrous
material block 50 from being disturbed while the
multilayered fibrous material block 50 is kept afloat
and heated, and also to prevent such a phenomenon that

15 an unintended bulk density distribution is created in
the multilayered fibrous material block 50 by the
sudden conduction of heat from the heated top die 22.
In addition, in consideration of the compressing
process, which comes after the heating process, and in

20 which the multilayered fibrous material block 50 is
compressed by the top and bottom dies 22 and 21 while
polyethylene is in the melted state, if the perforated
sheets 23 and 25 are not used, the textures of the
surfaces of the top and bottom dies 22 and 21 are

25 imprinted onto the multilayered fibrous material block
50, and as a result, the top and bottom surface layers

of the multilayered fibrous material block 50 are



separated fromthe bottomdie 21 during the heating process. Wen only
this aspect of the fibrous aggregate production is taken into
consideration, the perforated sheet 25 on the top side is unnecess?ry T%%4
However, the perforated top sheet 25 contributes to preventing the é&ﬁ
surface of the nultilayered fibrous material block 50 from being disturbed
while the nultilayered fibrous material4dl ock 50 is kept afloat and
heated, and al so to prevent such a phenonenon that 15 an uni ntended bul k
density distribution is created in the nmultilayered fibrous material bl ock
50 by the sudden conduction of heat fromthe heated top die 22. In

addi tion, in wapsidieirato othefsd-+hea Lbheprasin ngpygrocesBhe whi ch conmes after

t he heating process, and in 20 which the nultilayered fibrous materi al

bl ock 50 is ioormrmssedidy ¢hetheppantobatednshigets 223 aand 235whi | e

pol yethylene is in the nelted state, if the perforated sheets 23 and 25
are not usedbdtvearexthe cewofneness risedsier ¢pErropshnd BBEt om dies 22
and 21 are 25 inprinted onto the multilayered fibrous material block 50,
and as a resutultihaveopd aftbreus ohrkeFiateblagkral b ehREeRLLVRI &Pered
fibrous material block 50 are 13 OCT_2004 -40 turped into the so-called
skin | ayers. orrventhteipokprnahion Phetpess oftRdl¥REFs 23 and 25 between

the two nenbers used for conpressing_the ltil ayered fibrous eri al
bl ock 50 is effective % 55preY %?ttﬁﬁo?oFﬂ%t?Bﬂv%fd?ﬁggépgkpﬂ‘r§§8rs.

material for the perforated sheets 23 and 25 is
desired to be such a material that is capable of
sufficiently entangling with the fibers of the

10 multilayered fibrous material block 50, is capable of
stretching or shrinking in the heated environment, and
does not melt during the heating process. Further,
since the textures of the surfaces of the perforated
sheets 23 and 25 are imprinted, to no small extent, on

15 +the surfaces of the multilayered fibrous material
block 50, the material sheet for the perforated sheets
23 and 25 is desired to be such a material sheet that
is similar to the inner portion of the multilayered
fibrous material block 50 in terms of the porosity.-

20 Thus, in this embodiment, a foamed polyurethane sheet
with a cell count of approximately 16/cm was used as
the material sheet for the perforated sheets 23 and
25.

Materials in the form of a sheet, for

25 example, a sheet of foamed polyurethane, produced by

removing cell membranes after foaming, are not much

different from the multilayered fibrous material block



As is evident fromthe above description, the material for the perforated
sheets 23 and 25 is desired to be such a material that is capabl e of
sufficiently entangling with the fibers of the 10 multilayered fibrquisg(y 2004
mat erial block 50, is capable of stretching or shrinking in the heated
environment, and does not nelt during the heating process. Further, since
the textures of the surfaces of the perfgorated sheets 23 and 25 are
inmprinted, to no small extent, on 15 the surfaces of the nultilayered
fibrous material block 50, the nmaterial sheet for the perforated sheets

23 and 25 is desired to be such a material sheet that is simlar to the

i nner portionmftdies it t1deykerdif £férdmoesimaser+ il ol oeki SOannet etns of
the porosity. 20 Thus, in this enbodi nent, a foaned pol yuret hane sheet

with a cell ametcall apgpveki fmpetgxtdonl ywa30Usedo@@ pmhhebatweenal sheet
for the perforated sheets 23 and 25. Materials in the formof a sheet, for
25 exanpl e, alsheetead wikimehli ol yirethowerepistiamee dyd teaovairegscel |
menbranes after foam ng, are not nuch different fromthe nmultilayered

fi brous mat erwigth blaekailr 3f O p@eystanicen tlembcbed| bwal difference in
air-flowresistance at the cell level (approximately 300 - 600 m between
t he areas Wi tdingnghienaliyowtheshel bhtaveredt htbapeasraterhal oGRBir-fl ow

resi stance. Depicted two 5 dinensionally, the nultilayered fibrous materi al
can be compared to a large room formed by removing all the

walls of a plurality of contiguous.small rooms
(pillars can be compared to fibers). However, if the
cells of the urethane sponge are compared to the rooms

10 of a building, the rooms are different in size (cell
size). In addition, some of the walls have been
removed, but the other have not been removed,
hindering the traffic through the building (increasing
air-flow resistance). Positioning a sheet of foamed

15 material, as the ventilatory sheet, in contact with
the top or bottom surface of the multilayered fibrous
material provides an effect of rectifying air flow
across the entire surface through which the heated air
flows.

20 Generally speaking, synthetic fibers are
coated with various oily substances to provide them
with convergence and smoothness, to prevent static
electricity generation, or the like purposes; oily
substances are adhered to them during a spinning

25 process. However, in the fields of medicine or
precise machinery, the oily substances are extremely

disliked in some cases. In such cases, the amount of



be conpared to a large roomforned by renoving all the walls of a

plurality of contiguous small roons (pillars can be conpared to fibers).
However, if the cells of the urethane sponge are conpared to the rogrs)(T0y004
of a building, the roons are different in size (cell size). In addition,
some of the walls have been renoved, but the other have not been reaned,
hindering the traffic through the buildipg_(increasing air-flow

resi stance). Positioning a sheet of foanmed 15 nmaterial, as the ventilatory
sheet, in contact with the top or bottomsurface of the nultil ayered
fibrous material provides an effect of rectifying air flow across the

entire surfacgnd g PighsWhé€intde heat eleabéauéb@eo 30 &rBeémbly speaking,

synt hetic flbers are coated with various oily substances to provide them

W th convergefgg B¢k SN0t hners, pt@s@htventeatabhCisehppliibai ty generation,
or the like purposes; oily substances are adhered to themduring a

Spi Nni ng 25 p&QEESHi bdPNEVesribtist peoblehdstnatnedbeirseentangleci se
machi nery, the oily substances are extrenely disliked in some cases. In
such cases, tAfoRdotiémeélted (KTaROGAin#@ntibé mihyesubshancbslkust be
reduced to an extrenely lowlevel. If the present invention is applied to
such fibers, aansdtg pecdhessdibturbefierandnthaglekeanoagurhensel ves in an
uni nt ended manner, that bul k
sometimes in the presence of static electricity.
Thus, it is desired as a countermeasure to such
problems that the entirety of the webs are subjected
to discharging blow when manufacturing fibrous
10 aggregate. Further, a process in which ion exchange
water or a water solution of nonionic surfactant is
sprayed onto fibers may be provided in addition to the
discharging blow process. The addition of such a
process may be also very effective.
15 (Embodiment 2)
Figure 10 is a schematic sectional view of
the fibrous aggregate forming apparatus in the second
embodiment of the present invention, and Figure 11 is
a schematic sectional view of the apparatus
20 illustrated in Figure 10, at a plane indicated by a
line A-A in Figure 10.
In the fibrous aggregate forming apparatus in
this embodiment, fibrous aggregate is formed by moving
a unit of continucus multilayered fibrous material 150
25 sandwiched by ventilatory sheets 111 and 112 from the
top and bottom sides, from the right side of the

drawing to the left side, with the use of first to



5 density becones disturbed, and the |ike, occur sonetinmes in the presence
of static electricity. Thus, it is desired as a counterneasure to such

probl ens that the entirety of the webs are subj ected to discharging BI30¢T 2004
when manufacturing fibrous 10 aggregate. Further, a process in which ion
exchange water or a water solution of nonionic surfactant Is sprayed onto
fibers may be provided in addition to thgy_discharging blow process. The
addition of such a process may be also very effective. 15 (Enbodi nent 2)
Figure 10 is a schematic sectional view of the fibrous aggregate form ng
apparatus in the second enbodinment of the present invention, and Figure 11

s a SChe”ﬁtﬂrﬁr‘t?%ééw%eYtévwi t @2 APRRd A 015, 20n | theShéas eelgi & Fi gur e
10, at a plane indicated by a 1line A-Ain Figure 10. In the fibrous

aggregat e fOFQHéEhég%&H?H&@atﬂngt@h@mﬁéboﬂouﬁnt fibrous aggregate is
formed by noving a unit of continuous nultilayered fibrous material 150 25

sandwi ched by ventil atpiy sheet smddd wavt 1121 fionmihhehet bptaod bodeom
sides, fromthe right side of the drawing to the left side, with the use

of first to 1sf OcKd REDYindg3néhtingnesambert $0001, TA@2fiant ®#88h in the
housi ng of the heating heating chanber 100. The first nesh belt 101 is in
t he bottors sislelt 0101 hexbends ngcheasi hiyechahbee t80geThbrbdught whidch
a unit of continuous multilayered fibrous material 150
is moved. After being fed into the heating heating
chamber 100, the unit of continuous multilayered
fibrous material 150 is carried on the first mesh belt
10 101 and moved in the left direction indicated in the
drawing through the heating heating chamber 100, and
then is discharged from the heating heating chamber
100. Regarding the direction in which the unit of
continuous multilayered fibrous material 150 is moved,
15 a feeding conveyer is located on the upstream side of
the first mesh belt 101, and a discharging belt is
located on the downstream side of the first mesh belt
101. The vertical level at which the first mesh belt
101 conveys the unit of continuous multilayered
20 fibrous material 150 coincides with the vertical
levels at which the feeding and discharging conveyers
convey the unit of continuocus multilayered fibrous
material 150. With the provision of this arrangement,
the unit of continuous multilayered fibrous material
25 150 can be smoothly transferred onto the first mesh
belt 101 from the feeding conveyer, and then can be

smoothly transferred out onto the discharging conveyer



5 belt 101 extends across the entire range through which a unit of
continuous nultilayered fibrous material 150 1is noved. After being fed
into the heating heating chanber 100, the unit of continuous nultilayerpea
fibrous material 150 is carried on the first nmesh belt 10 101 and noved In
the left direction indicated in the draw ng through the heating heating
chanber 100, and then is discharged fro#tthe heating heating chanber 100.
Regarding the direction in which the unit of continuous nultilayered
fibrous material 150 is noved, 15 a feeding conveyer is |ocated on the
upstream side of the first nmesh belt 101, and a discharging belt is

| ocat ed on t heraowrisé r Eanssimesbfbébhe (01 stimeshhée| wordsl. thbheumeértti ca

| evel at which the first mesh belt 101 conveys the unit of continuous

mul til ayered @0 ¢omtomsonntenl bildporedi hthdewswneherhalvaépbpi can beevel s at
whi ch the feeding and di schargi ng conveyers convey the unit of continuous
mul til ayered ¢omtbmgousky endwed150As\Weh aherefevablenmaterhpd &prangenent,
the unit of continuous nultilayered fibrous material 25 150 can be snoothly
transferred obte fhestimeshpeht belt tbhererbs aheetaddimgbedtveydh and
then can be smoothly transferred out onto the discharging conveyer 13 OCT
2004 - 44 f¥onen hepprexinakehmeshtnupier; af of neeshirls, TPReelAMPleof

continuous multilayered fibrous material 150 can be continuously noved. As
for a preferable materTBf ¥8#t PReCPRFLIRUARENMHEFL 12ErenELRTPYES, et al lic

It with
bel t ! material 150 is fed into the heating heating chamber

100, with its bottom and top surfaces being covered
with ventilatory sheets 111 and 112 which are placed

10 1in contact with the corresponding surfaces. Referring
to Figure 11, the wventilatory sheet 111 placed in
contact with the bottom surface of the unit of
continuous multilayered fibrous material 150 is wider
than the unit of continuous multilayered fibrous

15 material 150, and the opposing edge portions of the
ventilatory sheet 111 extending beyond the
corresponding edges of the unit of continuous
multilayered fibrous material 150 are held to the
first mesh belt 101 with the use of anchoring members

20 113. The width of the ventilatory sheet 112 placed on
top of the unit of continuous multilayered fibrous
material 150 is the same as that of the unit of
continuous multilayered fibrous material 150. The
material and structure of the unit of continuous

25 multilayered fibrous material 150, and the materials
and structures of the ventilatory sheets 111 and 112,

in this embodiment, are the same as those in the first



5 an approxi mate nmesh nunber of 4 nesh/cm for exanple. The unit of
continuous nultilayered fibrous material 150 is fed into the heating

heati ng chanber 100, with its bottom and top surfaces bei ng covered 3 0§t 204
ventilatory sheets 111 and 112 which are placed 10 in contact with the
correspondi ng surfaces. Referring to Figure 11, the ventilatory sheet 111
placed in contact with the bottom surfa¢®-of the unit of continuous

mul tilayered fibrous material 150 is wider than the unit of continuous

mul tilayered fibrous 15 material 150, and the opposing edge portions of the
ventilatory sheet Ill extending beyond the corresponding edges of the unit
of continuousemimdimdralyered fi brous material 150 are held to the first
mesh belt 101 with the use of anchoring nenbers 20 113. The width of the
ventilatory sheet 112 Pheckmtenioropfothehkeghingoheabhniingbadbadl til ayer ed
fibrous material 150 is the sane as that of the unit of continuous

mul til ayered ¥0brimas twe cg¢Rarate. sqpbiongt o AeabhAISERGELQRe1dP the unit
of continuous 25 nmultilayered fibrous material 150, and the materjials and
structures ofon Heheei@staeaRysifaet 31413 aAal129, sechioR 448nBBdtRENt, are
the sane as those in the first 1 3 OC 1 2004 -45 enbodi nent- The interior
of the heati rAPWRIETER chadPer 1R0bSREE PhotRepdF RREtLAR ABN¥Nig heat i ng

section 120 on the, UPSET €3 £h8us 2P¥h2068hhdriSE" 198 140n30ch""

First, the heating section will be described.

The heating section 120 has the second mesh belt 102,
which is positioned above the first mesh belt 101 in a

10 manner to oppose the first mesh belt 101. The second
mesh belt 102 is rotated at the same velocity as that
of the first mesh belt 101 and in synchronism with the
first mesh belt 101. It guides the unit of continuous
multilayered fibrous material 150, directly bearing

15 down on the ventilatory sheet 112, as the unit of
continuous multilayered fibrous material 150 is moved
by the first mesh belt 101. The second mesh belt 102
is vertically movable by an elevating mechanism
(unillustrated), for example, a hydraulic cylinder or

20 the like, and its distance from the first mesh belt
101 has been adjusted to be greater than the thickness
of the unit of continuous multilayered fibrous
material 150 inclusive of the ventilatory sheets 111
and 112, so that the top surface of the unit of

25 continuous multilayered fibrous material 150 comes
into contact with the second mesh belt 102 only when

the unit of continuous multilayered fibrous material



5 downstreamside, in terns of the direction in which the unit of

continuous fibrous material 150 is noved. First, the heating section wll

be described. The heating section 120 has the second nesh belt 102, 1 3WOLTk04
i s positioned above the first mesh belt 101 in a 10 manner to oppose the
first nmesh belt 101. The second nesh belt 102 is rotated at the sane
velocity as that of the first nmesh belt4401 and in synchronismwth the
first nmesh belt 101. It guides the unit of continuous nmultilayered fibrous
material 150, directly bearing 15 down on the ventilatory sheet 112, as the
unit of continuous nultilayered fibrous material 150 is noved by the

first mesh balsy 4Ql.nalite Seaivhdeghovel thd 02 rds w&sh iwalty1opvabl e by an

el evating nechanism (unillustrated), for exanple, a hydraulic cylinder or

20 the like, gnddr sl Yrmer dBm iidiee fi 4Bt foESthdesécod@indss been
adjusted to be greater than the thickness of the uni't of continuous

mul til ayered dditr aus , reteafd ails Wdtanri cisheet ofi theaneapprok omyteheets il |
and 112, so that the top surface of the unit of 25 continuous multilayered
fibrous nat emecdh thinsomest 4 mesicoom acfomi ¢bampke second nesh belt 102 only
when the unit of continuous nultilayered fibrous material 1 3 OCT 2004 -46
150 i s nmade airborne abovee tdwee fa rSirseshi besenddig ciamber 1Ré pndferable
material for the second nmesh belt 102, there is netallic belt with an
approxi mat e aveSirsturdier wfcel viged/ ehamiper bihnpl eertain distance
below and above, respectively the passage through
which the unit of continuous multilayered fibrous
material 150 is moved by the first and second mesh
10 belts 101 and 102. The first air sending chamber 122
has an air supplying holes 122a which open in the side
wall of the first air sending chamber 122, and a large
number of perforations 122b which are in the top wall
of the first air sending chamber 122, being evenly
15 distributed. The structure of the first air receiving
chamber 121 is similar to that of the first air
sending chamber 122; air suctioning holes 12la are in
the side wall, and a large number of perforations 121b
are in the bottom wall, being evénly distributed.
20 Referring to Figure 10, a pair of conveyer rollers
102a around which the second mesh belt 102 is
suspended appear as if they are in the air receiving
chamber 121. However, they are positioned outside the
air receiving chamber, one on each side, as shown in
25 Figure 11, and therefore, they do not affect the

heated air flow from the air supplying holes 122a

which will be described later.



5 There are a first air sending chanber 122 and a first air receiving
chanber 121 a certain distance below and above, respectively the passage

t hrough which the unit of continuous nultilayered fibrous material 31[HG 1084
noved by the first and second nmesh 10 belts 101 and 102. The first air
sendi ng chanber 122 has an air supplying holes 122a which open in the side
wal | of the first air sending chanber 1245 _and a |arge nunber of
perforations 122b which are in the top wall of the first air sending
chanber 122, being evenly 15 distributed. The structure of the first air
receiving chanber 121 is simlar to that of the first air sending chamber

122; air suctioning, hokgsel2lagats FRgurBe13i denwallir andtddmige number of
perforatlons 121b are 1 n the gotton1ma , being evenly distributed. 20

Referring to fhoege139a anaataarofsuggmyey@r nbalklseng2al @@ aoRwiRdEted ch the
second nmesh belt 102 is suspended appear as if they are in the air

receiving chegbgrnddteaHaueVvel owt heyieate ipgsmbichAind QUGESibge waie ofai r
recei ving chanber, one on each side, as shown in 25 Figure 11, and

therefore, theyrdespehdahbeat rt Hactbeat Ftheaheaftiedwafirorfiltdwe ai r suppl yi ng
hol es 122a which will be described later. 1 7) OCT 2004 -47 Referring to
Fi gure 11,5t hgeaerasingi machgnehdDés coptaiasd aaheadeppl¥ing anal e 122a are
connected to a heated air flow generating machi ne 105 by way of
correspondi ngaarr bilowting Tha AE4t whighr oknewates air flow which
fiows from the air suctioning hole l12la side toward
the air suctioning hole 122a side. As the heated air
flow generating machine 105 is driven, heated air flow
10 which flows towards the supplying holes 1Z2Za is
generated in the heated air flow generating machine
105. This heated air is sent into the air sending
chamber 122 through the air supplying holes 122a, and
is blown into the unit of continuous multilayered
15 fibrous material 150 from directly below through the
perforations 122b. After being blown into the unit of
continuous multilayered fibrous material 150, the
heated air travels upward through the unit of
continuous multilayered fibrous material 150, is
20 suctioned into the air receiving chamber 121 through
the perforations 121b, and is returned into the heated
air flow generating machine 105 through the air
supplying holes 12la. In other words, across the
range across which the unit of continuous multilayered
25 fibrous material 150 is moved, upward flow of heated

air occurs.

As will be described later, in this



5 generating nmachine 105 contains a heater 107, and an air blowi ng fan 106
whi ch generates air flow which flows fromthe air suctioning hole %2

side toward the air suctioning hole 122a side. As the heated air fI% 12004
generating machine 105 is driven, heated air flow 10 which fl ows towards
the supplying holes 122a is generated in the heated air flow generating
machine 105. This heated air is sent i™& the air sending chanber 122
through the air supplying holes 122a, and is blown into the unit of
continuous nultilayered 15 fibrous material 150 fromdirectly bel ow through
the perforations 122b. After being blown into the unit of continuous

mul ti| ayer ed dntpydivsemtat ek drdS0, te Heakeehl RPIF L1 abv@l 3L i@%ar d t hr ough
the unit of continuous nmultilayered fibrous material 150, is 20 sucti oned
into the air heteddiagr ctrarrerbigun (yrwash tevRrdetroraribn@f121b, and is
returned into the heated air flowégenerating machi ne 18§ t hrough the air
suppl yi ng holesntiuous fupt Hekaygred T iRFeRs 1akeTiahge®Ac®BER which the

unit of continuous nultilayered 25 fibrous terial 150_is noved, upward
flow of heat GRLE rHRR i 6F O8 G b DRGSR bokrTSTeR EIRTORFS 1 5 Gor

2004 -48 enbodi nment, i rder to make it possible to.allow..heated air to
be bl own V%WQF?EW@&dfﬁﬁelﬁﬁ??m%ﬁesi%%tiﬁ% uSTREE ¢ fF Ry EFRE R br ous

material 150 even while the pnitof; copiioyoyssUhihbayeisd Librous

extended into the areas below and above a pair of
conveyer rollers 103a, that is, the most upstream
conveyer rollers, around which the third mesh belt 103

10 is suspended, respectively, in the cooling section 140
which will be described later. These conveyer rollers
103a are also positioned outside the air receiving
chamber 121 as the aforementioned pair of conveyer
rollers 102a, and therefore, they do not affect the

15 flow of heated air from the air supplying holes 122a.

Next, the cooling section 140 will be

described. The basic structure of the cooling section
140 is the same as that of the heating section 120.
In other words, it has the third mesh belt 103 which

20 is positioned above the first mesh belt 101 in a
manner to oppose the first mesh belt 101, a second air
sending chamber 142 positioned below the path through
which the unit of continuous multilayered fibrous
material 150 is conveyed, and a second air receiving

25 chamber 141 positioned above the path through which
the unit of continuous multilayered fibrous material

150 is conveyed. However, this cooling section 140



5 material 150 is conpressed, the first air sending chanber 122 and first
air receiving chanber 121 are extended into the areas bel ow and above a
pair of conveyer rollers 103a, that is, the nost upstream conveyers 1 0CT 7004
rollers, around which the third mesh belt 103 10 is suspended,
respectively, in the cooling section 140 which will be described | ater.
These conveyer rollers 103a are al so pokitioned outside the air receiving
chanber 121 as the aforenentioned pair of conveyer rollers 102a, and
therefore, they do not affect the 15 flow of heated air fromthe air
supplying hol es 122a. Next, the cooling section 140 wil| be described.
The basic st musttuaistk livhecasdo! they Wekh i9h canol puoyh bkl @8 FR4t of the
heating section 120. In other words, it has the third nmesh belt 103 which
20 i's positi AdFoMSoVRtaTd ¥l IR0 Mstehethe 19AmPIeSS LRk the BPpbse the

first mesh belt 101, a second air sendi chanber, 142 positioned bel ow t he
pat h throughOfmﬁWW%iWU]dTll(ﬁ%ﬁWéoﬂg’?ﬁH? i PRLRT & f]rsgb(ﬁ o™ mat eri al
150 is conveyed, and a second. air receiving 25 chanber. 141 positioned above

the path thr CEGFSHITE & P Hhid b EBh IHUDTRT Y ¢ PPN %d fi brous
terial _150 is d.. Ho hi [ t] 14 C T 2004
a0 st Gui QA OO RN, L teatd huSRE MPrEresLitedtndoted faler i al
150 aft t he . ' 1 Lt Of ' ' dfib
after e .Co rﬁﬁegf?egtlﬁbecﬁ%ﬁa?gfffgn‘%m"‘%’? Mél{ ere i br ous

mat eri al 150,2%dn ore; ow generati ng machi ne
second air sending chamber 142 and second air

receiving chamber 141.
The third mesh belt 103 is rotated at the
10 same velocity as that of the first mesh belt 101 and
in synchronism with the first mesh belt 101. It
guides the unit of continuous multilayered fibrous
material 150, bearing down on the ventilatory sheet
112, as the unit of continuous multilayered fibrous
15 material 150 is conveyed by the first mesh belt 101.
The third mesh belt 103 is vertically movable by an
unillustrated elevating mechanism as'is the second
mesh belt 102, and its distance from the first mesh
belt 101 has been adjusted so that the unit of
20 continuous multilayered fibrous material 150 is
compressed to the thickness of a final product, or a
unit of continuous fibrous aggregate. A preferable
material for the first mesh belt 101 is a metallic
belt with an approximate mesh number of 4 mesh/cm, for
25 example.
The second air sending chamber 142 has air

supplying holes 142a and perforations 142b similar to



5 (unillustrated), instead of the aforenentioned heated air flow
generating machine, is connected to the second air sendi ng chanber 142 and
second air receiving chanber 141. The third nesh belt 103 is rotatqugtrzmu
the 10 sane velocity as that of the first nesh belt 101 and in
synchronismw th the first nesh belt 101. It guides the unit of continuous
multilayered fibrous material 150, beaﬁﬁ%g down on the ventilatory sheet
112, as the unit of continuous nultilayered fibrous 15 nmaterial 150 is
conveyed by the first nesh belt 101. The third nmesh belt 103 is vertically

ble b | | ust d el hapi h d h
ol 102 andhet @i SR elﬂiaﬁvlﬁes A28 SRRL IR S A HR I ac) ot ed
so t hat the g:nl tefolt clorntsler}%l&l{ls trdﬂea}yglrze%j fzirpcf Qys, %ﬁ{laﬁ_ 150 i s

conpressed t KHess ina pro or a- of ‘conti nuous
fibrous aggre al ¢ W& engb! i sh belt 101 is a
netallic Dbel taﬁcedo ?promaﬁfmr{e&{rfegfs ﬂf 441{”?8 d/Bém for 25

exanpl e. The n%q{}g eﬂél? Bidm BPRWYit1E heh s 142a
and perforatlons 14 ar to 130CT200 -50 the air supplying holes 122a

and per f orsat 'ogsn%ol?t%lhd}l‘us e fiTSferdid sonding mhasbes 122 . anthé he col d
air generated by the aforenentioned cold air flow generating machine is
bl own upwar d Jd AP oW ddree Uhnirtg chamber 141 has an air suctioning
hole 14la and perforations 141b similar to the air
supplying holes 12la and perforations 121b of the
first air receiving chamber 121, and the cold air is
10 blown upward from the second air sending chamber 142,
is suctioned through the unit of continuous
multilayered fibrous material 150, and is returned
into the cold air flow generating machine.
As for the cooling air to be blown through
15 the heated unit of continuous multilayvered fibrous
material 150 in the cooling section 140, air (ambient
air) with normal temperature may be used. In such a
case, the aforementioned cold air flow generating
machine is structured as a simple air blower, which
20 takes in air from outside the heating heating chamber
10, and exhausts it from the second air receiving
chamber 141. With the provision of a blower or the
like for forcefully exhausting the air within the
second air receiving chamber 141, at the air
25 suctioning hole 14la of the second air receiving
chamber 141, improvement in air exhausting efficiency

can be expected.



5 of continuous nmultilayered fibrous material 150. The second air

recei ving chanber 141 has an air suctioning hole 14l1a and perforations
141b simlar to the air supplying holes 121a and perforations 121bJ°{0€Pﬂm4
first air receiving chanber 121, and the cold air is 10 bl own upwar rom
t he second air sending chanber 142, is suctioned through the unit of
continuous nultilayered fibrous materiad;.150, and is returned into the
cold air flow generating nachine. As for the cooling air to be bl own
through 15 the heated unit of continuous nultilayered fibrous material
150 in the cooling section 140, air (anmbient air) with normal tenperature
may be used. |In such at qassst tdiree ad breento bhexks catcumd rwhiow gbkaer ati ng
machine is structured as a sinple air blower, which 20 takes in air from
out si de t he Haatdthgdieattiing] chestoerel ), 1dhd- ekbauasts suspendedhéssecond
air receiving chanber 141. Wth the provision of a blower or the Ilike for
forceful |y exhausitded) @iteh a rsederdary heeatsnoneans cewetvtutedhafber 141,
at the air 25 suctioning hole 141a of the second air receiving chanber
141, inproveremntidae af ederisical ke¢dtpeneirecan bheekpketedndl 3 O N
2004 -51 At least one of the rollers around which the first and third nesh
belts 1015 XH& arievesusgperideens s©Hrole debr sk t Fo atBREBNBAFY Restfng neans

constituted of a piece of electrical heating wire or the |i ke, and
101 - 103 are preheated to an approximately the same

temperature as that necessary in the heating heating
chamber 10, before they come into contact with the
unit of continuous multilayered fibrous material 150.
10 More specifically, the temperature of a given
portion of the first mesh belt 101 drops as it moves
through the cooling section 140, and therefore, this
portion of tﬁe first mesh belt 101 is preheated to a
predetermined temperature before it enters the heating
15 section 120, so that the efficiency with which the
unit of continuous multilayered fibrous material 150
is heated in the heating section 120 is prevented from
falling. The temperature of a given portion of the
second mesh belt 102 also falls before it comes into
20 contact with the unit of continuous multilayered
fibrous material 150 after it becomes separated from
the unit of continuous multilayered fibrous material
150, and therefore, this portion of the second mesh
belt 102 is also heated to a predetermined temperature
25 before it comes into contact with the unit of
continuous multilayered fibrous material 150 again, so

that the efficiency with which the unit of continuous



5 any given portions of the first to third nesh belts 101 - 103 are
preheated to an approximtely the sane tenperature as that necessaryzin

t he heating heating chanber 10, before they come into contact with AdCT 2004
unit of continuous nmultilayered fibrous material 150. 10 More specifically,
the tenperature of a given portion of the first mesh belt 101 drops as it
noves through the cooling section 140,-gpnd therefore, this portion of the
first nmesh belt 101 is preheated to a predeterm ned tenperature before it
enters the heating 15 section 120, so that the efficiency with which the
unit of continuous nultilayered fibrous material 150 is heated in the
heating secti@g d2DaySréderepiedsfnaterial | 15¢. iFhreteapeiat the of a given
portion of the second nesh belt 102 also falls before it cones into 20
contact wth hbetingtsefttont LRdous puetvehhgdr édomf rbdoasngat eThel 150
after it becones separated from the unit of continuous nultilayered
fibrous nat ertahpeisburandfthaegefeneporhignpoftthea thirflemesbohglitesh belt
102 is also heated to a predeterm ned tenperature 25 before it comes into
contact with 108 dnopsods tbasi pastisonupfi theetbdrdi peshsbaatedPdl 150
again, so that the efficiency with which the unit of continuous 1 3 0 CT
2004 -52 nul t¢omger tdte| ppotachavithathes00piingagéd FR LReithé&ti ng
section 120 is prevented fromreducing. The tenperature of i ven portion

of the third me¥hngebetwess ghgpgegen hP%fpéﬁpﬁéﬁgoFaFHsrtH#?dgﬁésh bel t
103 second air receiving chamber 141, and therefore, it is

heated to a predetermined temperature before it comes
into contact with the unit of continucus multilayered
10 fibrous material 150, so that the temperature of the
top portion of the compressed unit of continuous
multilayered fibrous material 150 is prevented from
rapidly dropping. As a result, the entirety of the
unit of continuous multilayered fibrous material 150
15 is evenly compressed across the surfaces to the core
while it is kept at the temperature to which it is
heated in the heating section 120, eliminating such a
problem that the unit of continuous multilayered
fibrous material 150 is compressed after it begins to
20 solidify due to the temperature drop.

Next, an example of a process, in which a
unit of continuous fibrous material with an apparent
bulk density of 0.038 - 0.043 g/cm3 and a thickness of
35 mm is continuously formed of a supply of the

75 sheathed fibers with a fineness of 2 - 6 deniers, with
the use of the forming apparatus illustrated in Figure

10, will be described.



5 cones into contact with the cooling air while it is noving between the
second air sending canber 142 and second air receiving chanber 141, and
therefore, it is heated to a predeterm ned tenperature before it anfﬁ T 7004
into contact with the unit of continuous multilayered 10 fibrous mat'er %I
150, so that the tenperature of the top portion of the conpressed unit of
continuous nultilayered fibrous materia§3150 is prevented from rapidly
dropping. As a result, the entirety of the wunit of continuous nmultilayered
fibrous material 150 15 is evenly conpressed across the surfaces to the
core while it is kept at the tenperature to which it is heated in the
heating section 1Pk reparatety nBrotesisa problemthat the unit of
continuous multilayered fibrous material 150 is conpressed after it begins
to 20 solidify due to rhestenpes atni® df oponhiextiouanmekaiijpheeoéda process,
in which a unit of continuous fibrous material with an apparent bul k
density of 0.038roud.fidBegi a8l ahdsami hackhesthef muBbibayesedonti nuously
formed of a supply of the 25 sheathed fibers with a fineness of 2 - 6
deniers, withfibheusiseavériak bbeaknhOappatheuirstuenbadégdent Esgure 10,
w |l be described. 13 OC T 2004 -53 (2-1) Preparatory Process First, the
unit of contipwerared| tiThger cthefpPBpdtiiohaPér e 2800BANMRER PElthe

mul tilayered fibrous material block 50 .in the first enbodinent is
102 is adjusted; the second mesh belt 102 is

vertically moved to a position at which the unit of
continuous multilayered fibrous material 150 which has
been sandwiched by the two ventilatory sheets 111 and
10 112 and mounted on the first mesh belt 101 does not
make contact with the second mesh belt 102. Since the
thickness of a unit of continuous fibrous aggregate
into which the unit of continuous multilayered fibrous
material 150 is formed is 35 mm, the position of the
15 +third mesh belt 103 is adjusted; the third mesh belt
103 is vertically moved so that the thickness of the
unit of continuous multilayered fibrous material 150
becomes 35 mm in the cooling section 140. The
rotational velocities of the mesh belts 101 - 103 are
20 set so that the velocity at which the unit of
continuous multilayered fibrous material 150 is
conveyed becomes 0.5 m/min.
As for-the heating section 120, a temperature
to which air is heated, a velocity at which air is
25 blown, and the like factors, are set in accordance
with the physical properties of the fiber. More

specifically, the unit of continuous multilayered



5 prepared. Then, the position of the second nesh belt 102 is adjusted,
the second nesh belt 102 is vertically noved to a position at which the
unit of continuous nultilayered fibrous material 150 which has bdeh((T 200
sandw ched by the two ventilatory sheets 111 and 10 112 and nounted on the
first nmesh belt 101 does not nake contact with the second nesh belt 102.
Since the thickness of a unit of continddus fibrous aggregate into which
the unit of continuous nultilayered fibrous naterial 150 is formed is 35
nm the position of the 15 third nesh belt 103 is adjusted; the third nesh
belt 103 is vertically nmoved so that the thickness of the wunit of
conti nuous muf thtayereatdsbabubSdaier farmadoof petvards 36 ndveéh t he cool i ng
section 140. The rotational velocities of the mesh belts 101 - 103 are 20
set so that téecathetifiber WhdthhapeauapreoPortdari afionslnatbrlgper ed
fibrous material 150 is conveyed becones 0.5 mlmn. As for the heating
section 120, and enpehreath LO¥bign efh BPIYPEORELERE, a8 98F6EIP§dat which air
is 25 blown, and the like factors, are set in accordance w.th the physical
properties ofbefere; peFherpteresprtitFcafyireRetbalt tBe BBALI Rbous
mul tilayered 13 OCT 2004 -54 fi broug g&%eri al 150 is._f Eged o& sttr%nds of
such sheathed9pbbruenstwRhtlLageredpbt FBHSoTaB‘ang@%hg ndS &f8 §%heat h
portion of pol ypropyl ene.as, desgrif8d; SPRIghS: INSHCLRECnehtih reauired
point of polyethylene and is lower than the melting
point of polypropylene, while the unit of continucous
multilayered fibrous material 150 is conveyed to the
10 downstream end of the heating section 120. In this
embodiment, the heated air temperature was set to
approximately 140°C, and the heated air velocity was
set to a velocity in a range of 0.3 - 0.8 m/sec.
As for the cooling section 140, the
15 temperature and velocity of cooling air, and the like
factors, are set based on the fact that polyethylene,
that is, one of the constituents of the fiber in the
unit of continuous multilayered fibrous material 150,
must be cooled to a temperature lower than the melting
20 point of polyethylene while the unit of continuocus
multilayered fibrous material 150 having been heated
and compressed is conveyed to the downstream end of
the compressing section. It is desired that the unit
of continuous multilavered fibrous material 150 is
25 nuniformly cooled in terms of its thickness direction,

toward the top surface (toward third mesh belt 103)

starting from the bottom surface (first mesh belt 101



5 continuous nultilayered fibrous material 150 is heated to a tenperature,
which is higher than the nelting point of polyethylene and is | ower than
the nelting point of polypropylene, while the unit of continuous 7 2004
multilayered fibrous material 150 is conveyed to the 10 domnstreannéMﬁQ%

t he heating section 120. In this enbodinent, the heated air tenperature
was set to approximately 140C, and the dwated air velocity was set to a
velocity in a range of 0.3 - 0.8 msec. As for the cooling section 140, the
15 tenperature and velocity of cooling air, and the like factors, are set
based on the fact that polyethylene, that is, one of the constituents of

the fiber indhe ) unift, ofn CONtIBOUSRR thayer b [ | RO USodBLRE | &d r 150,
nmust be cooled'to a tenperature |ower than the nelting 20 point of

pol yet hyl ene whider4tierdinids ofe € ot | dpiotsximatdiy ayeresl fi brous materi al
150 havi ng been heated and conpressed is conveyed to the downstream end of

the conpressimgysatdtdre, |dnd stileséseTlindiadit hee vk ity obas ondt nuous
mul tilayered fibrous material 150 is 25 uniformy cooled in terns of its
t hi ckness di ractddincy irovarshhide ¢HPO stirfatel3 (hosaed third mesh belt 103)
starting fromthe bottom surface (first nmesh belt 101 13 OCT 2004 -55 5
side). Insthis enbodi nehter ttlee efar 2ous heecobbnmnganeradjesped adgre was set
to approxinmately normal tenperature, and the cooling air velocity was set
to a described above, the unit of continuocus multilayered
fibrous material 150 is fed into the heating heating
chamber 100, with the unit of continuous multilayered
fiprous material 150 sandwiched by the ventilatory
10 sheets 112 and 111 from the top and bottom sides,
respectively.
(2-2) Heating Process
After being fed into the heating heating
chamber 100, the unit of continuous multilayered
15 fibrous material 150 is first conveyed into the
heating section 120. While the unit of continuous
multilayered fibrous material 150 is conveyed through
the heating 120, it is heated by the heated air biown
upward from directly below the unit of continuocus
20 multilayered fibrous material 1530. As a result,
polvethylene which constitutes the sheath portion of
the fiber melts, causing the fibers of the unit of
continuous multilayered fibrous material 150 to be
welded to each other. During this process, the unit
25 of continuous multilayered fibrous material 150 is

kept airborne above the first mesh belt 101 by the

upward flow of heated air as shown in Figure 11, the



velocity in a range of 0.2 - 0.3 msec. After the various sections are
adj usted as descri bed above, the unit of continuous nultilayered fibrous

material 150 is fed into the heating heating chanber 100, with thﬁ fﬁ@f&ﬂé
continuous nultilayered fibrous material 150 sandw ched by the vent

10 sheets 112 and 111 fromthe top and bottom sides, respectively. (2-2)
Heating Process After being fed into thedeating heating chanber 100, the
unit of continuous nmultilayered 15 fibrous material 150 is first conveyed
into the heating section 120. Wiile the unit of continuous nmultilayered
fibrous material 150 is conveyed through the heating 120, it is heated by

the heated ai . rRHi F85d 4 bl ddiee i d €eat i nuous 20
mul til ayered iat;l')rlgys1 andwicﬁ\gﬁ g)lIic f%r(%g As:L a resul tg? pol yet hyllse%e whi ch

constitutes the,sheatfy Pordheore Herd hm fiherud®l (s sawsimgoide fibers of
the unit of continuous multilayered fibrous material 150 to be welded to

each other. RUnitNg AfliedroRassus e didl 26 ®fa fONthamiman] yké 1 dayer ed
fibrous materital 150 is kept airborne above the first mesh belt 101 by the

upward flow qf, heatiethaidr as SIOWRma H rgyr £n 1he thand St&E Is2004 - 56
gravity acting on each fiber being cancelled by the flow Thus, the fibers
in the unist ahesORd Qs oTUtd itiiey enesak fidpr ouBherap eopatti®® are thernal |y

wel ded

required of ventilatory sheets 111 and 112 are the
same as those in the first embodiment, and a pair of
weighting blocks 113 required in this embodiment are
the same as the weighting blocks 24 required in the

10 first embodiment. Therefore, they will not be
described in detail here.
(2-3) Compressing Process

After being compressed by the first and third

mesh belts 101 and 103, the unit of continuous

15 multilayered fibrous material 150 is conveyed through
the cooling section 140 while remaining compressed by
the first and third mesh belts 101 and 103. In the
cooling section 140, the cooling air is being blown
upward from directly below the path of the unit of

20 continuous multilayered fibrous material 150.
Therefore, the unit of continuous multilayered fibrous
material 150 is gradually cooled, and the polyethylene
portions of the fibers solidify before the
multilayered fibrous material block 50 is released

25 from the compressing effect of the belts 101 and 103.

After being passed through the cooling

section 140, the unit of continuous multilayered



to each other while remaining in the sanme state as 5 they were prior to the
heating. The properties required of ventilatory sheets 111 and 112 are the
sanme as those in the first enbodiment, and a pair of weighting bl ogks)dlzgg
required in this enbodinent are the sane as the weighting bl ocks 24
required in the 10 first enbodi nent. Therefore, they will not be described
in detail here. (2-3) Conpressing Process’-After being conpressed by the
first and third nesh belts 101 and 103, the unit of continuous 15

mul tilayered fibrous material 150 is conveyed through the cooling section
140 whil e remaining conpressed by the first and third nmesh belts 101 and
103. In the fd®aloug meaetnicrl 1ML ishelicodidargpdifrons e ngedtiovwn upward
fromdirectly below the path of the unit of 20 continuous multilayered
fibrous nat etesdtilf).chaffimefldie, amdt the tverfticoterwotieens tilhyered
fibrous material 150 is gradually cool ed, and the polyethylene portions

of the fibersasbllild farehafesavadc FRM t theaydtidd 9% perisimirwF i al bl ock 50 is
rel eased 25 fromthe conpressing effect of the belts 101 and 103. After

bei ng passed mrtgugyatrd dod? i R T 147 - t HePRFRIUAt Nt nuous
multilayered 1 3 0 C 12004 -57 5 fibrous material 150 is di schar,iggd from
the heating Wddt infy eniderowd o 1S ROVSERT T LT PRI 11170

thus obtained unit of continuous fibrous aggregate is
cut into a plurality of small pieces of fibrous
aggregates of different sizes in accordance with
usage.

10 As described above, according to this
embodiment, the unit of continuous multilayered
fiprous material 150 is mounted on a conveyer and 1is
fed into the heating heating chamber 101, which
continuously heats the unit of continuous multilayered

i5 fibrous material 150 to a predetermined temperature
without compressing it, and then, continuously cools
the unit of continuous multilayered fibrous material
150, while keeping it compressed, immediately after
the heating. Therefore, a unit of continuous fibrous

20 aggregate, which has a predetermined bulk density and
a predetermined thickness, can be continuously formed.
The effect of keeping the unit of continuous
multilayered fibrous material 150 airborne by blowing
heated air upward from directly below the unit of

25 continuous multilayered fibrous material 150, and the
effect of placing a ventilatory sheet in contact with

at least the bottom surface of the unit of continuous



and 112 are renoved fromthe unit of continuous nmultilayered fibrous

mat eri al 150. Consequently, a wunit of continuous fibrous aggregate is
obtai ned. The thus obtained unit of continuous fibrous aggregate i s1 3064 2004
into a plurality of small pieces of fibrous aggregates of different sizes
I n accordance with usage. 10 As descri bed above, according to this

enbodi nent, the unit of continuous nul ti38&yered fibrous material 150 is
nount ed on a conveyer and is fed into the heating heating chanber 101,

whi ch continuously heats the unit of continuous nultilayered 15 fibrous
material 150 to a predeterm ned tenperature w thout conpressing it, and

t hen, conti numldiyl ayeolesi fritberaws tmatfe wigntt | Mfbusamel the ayanedas$i br ous
material 150, while keeping it conpressed, imediately after the heating.
Ther ef ore, a timise dfn ddwt i fucils €nibGiRRIPD. aggr egat e, whi ch has a
predeterm ned. bulk density and a predeterm ned thickness, can be
continuously forned. Itharngthat efbaddiHy AhethmiRTe$e®bnt i nuous
multilayered fibrous material 150 airborne by bl ow n heated air upward
from di rect | i y&@d§ athe M VG Doy &%tﬂm§3%ﬂf‘¢lg‘%r%ﬂdfpwl§9§ mat eri al
150, and the effect of placing a ventilatory sheet in contact with at

| east t he Sbotdi®f HFFhE Jihe h“g”iﬁﬁ tewo%?ﬁ‘%huo"’b%d 13 3heE§1BP04 - 58

mul tilayered fibrous material 15 are.the same as. those in ghe first
enbodi ment . heating chamber capable of continuously moving the

plurality of the pairs of the top and bottom dies, are
used to form a unit of continuous fibrous aggregate.
The preparatory process in this embodiment is the same

10 as that in the above described first embodiment, and
therefore, will not be described here. Thus, the
details of the heating process, compressing process,
and cooling process in this embodiment will be
described below.

15 (Embodiment 3)

In this embodiment of the present invention,

a unit of continuous fibrous aggregate is formed by
preparing plural pairs of the top and bottom dies used
in the first embodiment of present invention, and a

20 heating heating chamber capable of continuously moving
the plural pairs of the top and bottom dies.
(3-1) Preparatory Process

The preparatory process in this embodiment is

the same as that in the above described first

725 embodiment, and therefore, its details will not be
described here, and the details of the heating,

compressing, and cooling processes in this embodiment



I n anot her enbodi nent of the present invention, a plurality of pairs of
the top and bottom 5 dies used in the first enbodi nent, and a heaHi? {
heati ng chanber capabl e of continuously noving the plurality of the g%]?@
of the top and bottomdies, are wused to forma unit of continuous fibrous
aggregate. The preparatory process in this enbodinent is the same 10 as
that in the above described first enbodi¥ent, and therefore, will not be
descri bed here. Thus, the details of the heating process, conpressing
process, and cooling process in this enbodinent will be described bel ow.
15 (Enbodinent 3) In this enbodi nent of the present invention, a unit of
conti nuous fivirldudeagtpssyzitked P§IRYred by preparing plural pairs of the
top and bottomdies used in the first enbodi nent of present invention, and
a 20 heating ek dpaidber bl e of continuously noving the plural

pairs of the top and bottom dj es. - Pr epar at ory Process e. preparatory
process in this enbodipfré?ﬂlff]giax%é‘ga%%b%%u%)%?at?#ﬁlhegg%%f/e%&elsgri bed
first 25 enbodi nent, and therefare,. i et al i t ri bed
here, and thé’]c?é'teéi ¥ S etgﬁ n%ééé%lgﬁ%%%:%%mg%é air}g %lg%lflﬁgégrocesses

n this enbodirent, 13 OCTa200 5% id! S dessrihss beloue {32 Heating
die 22 is such that a gap is present between the top
die 22 and the ventilatory sheet 5 on the top side.
The interior of the heating heating chamber has been
preheated to a desired temperature by a heater 12. In

1¢ this state, the bottom die 21 on which the
multilayered fibrous material block 50 is resting, and
the top die 22 set on the multilayered fibrous
material block 50, are moved into the heating heating
chamber. The heating heating chamber contains a

15 moving means for moving the top and bottom dies 22 and
21. In the heating heating chamber, the distance
between the bottom and top dies 21 and 22 is
maintained at a desired distance by this die moving
means. The distance between the bottom and top dies

20 can be optionally set. As described before, the
plural pairs of top and bottom dies are prepared, and
are sequentially moved through the heating heating
chamber. The size (length) of the heating heating
chamber is determined in accordance with the regquired

25 heating time and die moving speed. Since the method
for heating the multilayered fibrous material block 50

in the heating heating chamber is the same as that in



A multilayered fibrous material block 50 is placed on each of the bottom
dies 32 as in the first 5 enbodinent. At this stage, the position of the
top die 22 is such that a gap i s present between the top die 22 ahd 0Chd004
ventilatory sheet 5 on the top side. The interior of the heating heating
chanber has been preheated to a desired tenperature by a heater 12. In 10
this state, the bottomdie 21 on which 4d®- nultilayered fibrous materi al
block 50 is resting, and the top die 22 set on the nmultilayered fibrous
material block 50, are noved into the heating heating chanber. The heating
heati ng chanber contains a 15 noving neans for noving the top and bottom
dies 22 and thk adbvudeidmatibegl adtodignahinbidrs ddwcdist amwewibét ween t he
bottomand top dies 21 and 22 is nmaintained at a desired distance by this
die noving nmeanse Therat dterece between the bottom and top dies 20 can be
optionally set. As described before, the plural pairs of top and bottom

di es are prepa-€d, Compregsinmpediranes®$ |y noved t hrough the heating heating
chanber. The size (length) of the heating heating chanber is determned in
accordance with the rddfiigrd»s ekt ey t¢hetkmduel el hpvergdspeed. Since
the method for heating the nultilayered fibrous material block 50 in the
heati ng héat ifidrshentratesiahdkefhe 2@ thaltedtpd B Gre 1@BoYa - 60 the above

descri bed enbodi nent, its description will not be given her e,
described heating heating chamber, each of the above

described top dies 22 is lowered to compress the
multilayered fibrous material block 50 to a desired
thickness ({bulk density). Each bottom dies 21 is

10 provided with a spacer with a desired height, as was
the bottom die 21 in the first embodiment, and each
top die 22 is lowered until it comes into contact with
the spacer. The aforementioned top die 22 moving
means can be vertically moved in this compressing

15 zone. Each top die 22 has been heated to virtually
the same temperature as that of the multilayered
fibrous material block 50 while being moved through
the heating heating chamber by the aforementioned die
moving means, as in the first embodiment.

20 Also in this compressing process, heating air
is not stopped as in the first embodiment, and
therefore, the multilayered fibrous material block 50
is compressed while the gravity acting upon each fiber
is being cancelled by the flow of the heated air. It

25 is obvious that alsc in this compressing process, it
is desired that the top die 22 is lowered from above

the multilayered fibrous material block 50 while the



(3-3) Conpressing Process After the entirety of the nultilayered 5 fibrous
material block 50 is heated in the above described heating heati 1% 0CT 2004
chanber, each of the above described top dies 22 is lowered to conpres@
the nmultilayered fibrous material block 50 to a desired thickness (bulk
density). Each bottomdies 21 is 10 provided with a spacer with a desired
hei ght, as was the bottomdie 21 in theifdrst enbodi nent, and each top
die 22 is lowered until it comes into contact with the spacer. The

af orenenti oned top die 22 noving neans can be vertically noved in this
conpressing 15 zone. Each top die 22 has been heated to virtually 20 the
sanme tenper awne idayldiaid ofi ddumsmnatidmydr éd odk ouss ey iafildAtock 50
whi | e being noved through the heating heating chanber by the

af orenent i onegd dine umamy fieanof dedtred e of i fran ghiefitilentbelwso in this
conpressing process, heating air is not stopped as in the first

embodi nent, am@ nhiidridfayresed Hebmaus Imata R ibkasts bt erial block 50 is
conpressed while the gravity acting upon each fiber is being cancelled by
the flow of t(ledediced igig .PUQCEES i s obvious that also in this conpressing
process, it is desired that the top die 22 is | owered fromabove the

nul til ayeBed fibrous refitdy ReDEOBISHITE the® 19955 2004 -61

mul tilayered fibrous material block 50 is kﬁ)t a{ oat .
thickness, the top and bottom es and 21 remaining

compressing the multilayered fibrous material block 50
are moved out of the heating heating chamber by the
above described moving means, and are cooled in

10 entirety while being kept in the same state as the
state in which they were moved out of the heating
chamber. As for the cooling method, they may be
naturally cooled, or may be forcefully cocled with the
use of a cooling fan or the like; any cooling means

15 may be employed as the cooling means for this
embodiment. After at least the temperature of the
surface layer of the multilayered fibrous material
block 50, that is, the surfaces of the multilayered
fibrous material block 50 in contact with the top and

20 bottom dies 22 and 21 falls below the melting point of
polyethylene, the top die 22 is moved upward, and the
multilayered fibrous material 50 is moved out of the
bottom die 21. At this stage, the multilayered
fibrous material block 50 is still firmly in contact

75 with the ventilatory sheets 23 and 25. In reality,
however, the multilayered fibrous material block 50 is

the same as the same as the multilayered fibrous



by the upward flow of heated air fromdirectly below the nultilayered
fibrous material block 50. 5 (3-4) Cooling Process After being conpressed
to a desired thickness, the top and bottomdies 22 and 21 renainiquU 2004
conpressing the multilayered fibrous material block 50 are noved out %}

t he heating heating chanber by the above described noving neans, and are
cooled in 10 entirety while being kept igpthe sane state as the state in
whi ch they were noved out of the heating chanber. As for the cooling

nmet hod, they nay be naturally cooled, or nay be forcefully cooled with the
use of a cooling fan or the like; any cooling nmeans 15 may be enpl oyed as

the cooling eansrior bhbsk BHbofligené. 3N t eRcabrdeagt tobhehignperature of
the surface layer of the nultilayered fibrous material block 50, that is,

the surfaces &inddement | i Aayerethef mbibusapatedi ibbboskm8bernatontact with
the top and 20 bottomdies 22 and 21 falls below the nelting point of

pol yet hyl ene,pidie t®p U et@Ren soubyethapnaxt, mahtiilbpered] fibggeesed fi brous
material 50 is noved out of the bottomdie 21. At this stage, the
mul til ayer ed fiatsolsl nateckabObhagkb80sets toi kerepknthei heabmfdct 25 with
the ventilatory sheets 23 and 25. In reality, however, the multilayered
fibrous met ercahpbboskngocpelintersafiesasst heoshhatadtt RBPRALE Piyer ed
fibrous 1 3 0 CT 2004 -62 )
if a large number of fibrous aggregate blocks are
continuously produced. The structures in this
embodiment other than those described above, and their
effects, are the same as those in the above described
10 embodiment. Further, as described above, also in the
cases of the structures in this embodiment, a large
number of fibrous aggregate blocks can be efficiently
produced. The size of the apparatus, and the number
of the pair of top and bottom dies, should be
15 determined in accordance with the heating time,
compressing time, and cooling time for the
multilayered fibrous material block 50, and the speed
at which the multilavered fibrous material block 50 is
moved.
20 while the invention has been described with
reference to the structures disclosed herein, it is
not confined to the details set forth, and this
application is intended to cover such modifications or

changes as may come within the purposes of the

25 improvements or the scope of the following claims.



material block 55 (figure 9). According to this enbodinent, after the

mul tilayered fibrous nmaterial block 50 is taken out, the next nultil ayered
fibrous material block 50 may be set to repeat the heating 5

conpr essi ng-cool i ng processes, so that it appears as if a large nurtoik® C o004
fibrous aggregate blocks are continuously produced. The structures in this
enbodi nent ot her than those described %bove, and their effects, are the
same as those in the above described 10 enbodi nent. Further, as described
above, also in the cases of the structures in this enbodinent, a |arge
nunber of MHNQ3S SHHEMEALES Hl ocks can be efficiently produced. The size
of the apparatus, and the nunber of the pair of top and bottom dies,
shoul d be 15 determ ned in accordance with the heating time, conpressing

time, and cooling bim foldihg wauhbh! AYer £de [LbY ks AL Al Btk 50, and

the speed at which the multiTFayered fibrous nater ock 50 I's noved.
20 Wi le theptayegtd oRedasy heenndlasdrddee dritht Bact edei@nCesdal trheahekar uct ur es

di scl osed herein, it is not confined to the details set forth, and this
appl i cati opompsrisirended to cover such nodifications or changes as nay cone
Wi thin the purposes of the 25 inprovenents or the scope of the follow ng
claims. 1 3 0 Cl 2@04e88ingiATters il APREDLNSG: upwars hgakedganst BOR for a
fiber aggrggg;[;gmiélf Vgnlib(iback of the fibers to pass the heated air

therethrough and to cause the block of fibers to float,

wherein at least parts of fibers are melted while the block

of the fibers float;

a compression step of compressing substantially in a
vertical direction the heated block of fibers into a desired
height; and

a cooling step of cooling the compressed block of
fibers to solidify melted portions of the fibers at portions
where the fibers intersect with each other,

wherein the fibers are is made of polypropylene
material and polyethylene material, wherein the heated air
has a temperature which is higher than a melting point of the

polyethylene material and lower than the melting point of the

polypropylene material.

2. A method according to claim 1, wherein the fibers
are each have a substantially concentric cross-section in
which a central part is made of polypropylene material, and a

marginal part is made of polyethylene material.



fibers are heated to be welded wth each other, said nmethod conprising: a
heating step of applying upward heated air to a bottomof a block of the
fibers to pass the heated air therethrough and to cause the bl ock of
fibers to float, wherein at |east parts of fibers are nelted mhll P

bl ock of the fibers float; a conpression step of conpressing substan |4Pfy
in a vertical direction the heated bléck of fibers into a desired height;
and a cooling step of cooling the conpressed block of fibers to solidify
melted portions of the fibers at portions where the fibers intersect with
each other, wherein the fibers are is made of pol ypropylene material and
pol yet hyl ene natemLam,mmbhoéiacddnﬁﬂm@atedca$im hasreregnpehathyackneitch i s
hi gher than a neltin% oint of the polyethylene material and |ower than
the mel ti ngipsrat in¢ mg%s WWO&?Y@?I% ofatfdtiexis. in walakttHhrl fHdegeding to
claim1l1, wherein the fibers _ are eﬁch have_ a substantlally concentric

cross- sect WP SHRPEIRGEI TNt AR EBEr $aTe HEFEEIP pol ypropyl ene nateri al |
and a marginal part is made of polyethylene material. 1 3 OCT 2004 64 3. A

met hod accordi ng to Cla|n11 mhere .n the gLo ck of fibers.includes stacked

| ayers of flbers itn hPERRS e??qu 09 EQy ‘%Jbsﬁ@ﬁfﬁépl§nlﬁ the sane

di t ,
Slt regf: 'tﬁg C@an\ﬁareg ﬁegtgt CCUh%' '&gg ?dqaé’é%‘éc%lﬁé%qreggpweéaw CHeOMPr essi on

bottom of the block of the fibers to pass the heated air

through the block of fibers.

5. A method according to Claim 4, wherein in
said compression step, the block of fibers is caused to

float by the upward heated air.

6. A method according to Claim 4, wherein a speed of
the hot air is lower in said compression step than in said

heating step.

7. A method according to Claim 4, wherein said
compression step is carried out with use of pressing
members which have been heated before they are brought

into contact to the block of fibers.

8. A method according to Claim 1, further comprising
a preparatory step of placing, before said heating step, the

block of fibers on an air-permeative supporting member with an



bottom of the block of the fibers to pass the heated air through the bl ock
of fibers. 5. A nethod according to Claim4, wherein in said conp S%ﬁi%n
step, the block of fibers is caused to float by the upward heated!di 1 2804
A nmet hod according to Claim4, wherein a speed of the hot air is lower in
said conpression step than in said heating step. 7. A method according to
Claim4, wherein said conpression stepsis carried out with use of pressing
menbers whi ch have been heated before they are brought into contact to the
bl ock of fibers. B. A nmethod according to Claim1l, further conprising a
preparatory step of placing, before said heating step, the block of fibers
on an air - pef nepetmast iepphett Nin terdare dvthbrabe dwa (1 2004 &5rai r perneati ve
sheet interposed therebetween, said air perneative sheet is engaged with
the bl ock pérfi¢deirg sheeh Aet bogeget ovidingheobBhek mB,filegsei n t he
air-pernmeative sheet is fixed on the supporting nenber at |east at a part
thereof, and in said heating step, said block of fibers float away from

t he supporting ne er whi bers is.on the perneative

bl ack of
sheet. 10. A metho aécg?h?ﬂ% ??FQ5Q%Fﬁ1g° B8 %y §?F&elﬁr5€3ratory step
I ncl udes a ste If f,t he bl ock
of fibers.E%%fgﬁgﬁsgkggég%g%gaﬁﬁgfggg Iﬁﬁ% q%%@%&tQH ﬁ%éﬁﬁ%e perneative
sheet has @ﬁﬂ%kthegapﬁéfﬂ WHEﬁQ&fLSahﬂghﬁrséfgﬂheatlng step, said block

of fibers float away from the supporting member while the

block of fibers is on the air-permeative sheet.

10. A method according to Claim 8, wherein said
preparatory step includes a step of placing an air-permeative

sheet on a top of the block of fibers.

11. A method according to Claim 8, wherein the air-
permeative sheet has a melting point which is higher than

that of the fibers.

12. A method according to Claim 8, wherein the air-

permeative sheet is expandable in said heating step.

13. A method according to Claim 8, wherein the air-
permeative sheet is made o a foam material having a

porosity which is similar to that of the block of fibers.



that of the fibers. 12. A nethod according to Claim8, wherein the air
perneati ve sheet is expandable in said heating step. 13. A nethod accordi ng
to Claim8, wherein the air- perneative sheet is nmade o a foan1natqrig€l
having a porosity which is simlar to that of the block of fibers. 1 g@%
2004 66 14. A nethod according to Claim@8, further conprising a separation
step of separating the air- perneativeggheet fromthe block of fibers after
said cooling step. 15. A fiber aggregate produced by said nethod as
defined in Claim1l1. 16. A fiber aggregate form ng apparatus for formng a
fiber aggregate in which fibers are heated to be welded wth each other,
sai d apparatus conpsi si AQ: meuppart kogor@hns fos soppdfiti Bg tHarbheek of

fi bers; heated air generating neans for applying upward heated air to a
bottom of achpooking the $égrarasifon pasept hefhesepdraningt hehet hatugh and to
cause the block of fibers to float away from said supporting neans,

wher ei n at PRERRC 14 s8iegt LrPBetlie Hlererfedinprs eftrr HrdekCorLi®g fibers
fl oat; congﬁessing means for conpressing substantially in a vertical
direction th&heated bl ock of fibers into a desired hei ght; and attitude
regul ating neans for regulating an attitude of the block of fibers which
fl oats.

15. A fiber aggregate produced by said method as

defined in Claim 1.

l16. A fiber aggregate forming apparatus for forming
a fiber agaregate in which fibers are heated to be welded
with each other, said apparatus comprising:

supporting means for supporting the block of
fibers;

heated air generating means for applying upward heated
air to a bottom of a block of the fibers to pass the heated
air therethrough and to cause the block of fibers to float
away from said supporting means, wherein at least parts of
fibers are melted while the block of the fibers float;

compressing means for compressing substantially in a
vertical direction the heated block of fibers into a desired
height; and

attitude regulating means for regulating an

attitude of the block of fibers which fleats.

17. An apparatus according to Claim 16, wherein said
compression means compresses the block of fibers while the

upward heated air is applied to the bottom of the block of the



17. An apparatus according to Claim 16, wherein said conpression neans
conpresses the block of fibers while the wupward heated air is applied to
the bottom of the block of the 1 35 OCT 2004 67 fibers . 18. An apppgﬁtpgm4
according to Caim16, wherein said block of fibers is supported on sai
supporting neans with an air-perneative sheet interposed therebetween,
the air-pernmeative sheet being engageabfe w th the block of fibers. 19. An
apparatus according to Claim 18, wherein said attitude regulating neans
has a fixing nenber for fixing at |east a part of said air-perneative
sheet. 20. An apparatus according to Caim18, wherein an air-perneative
sheet is pfabedson a top of the fiber block. 21. An apparatus according to
Claim 16, wherein said conpression neans includes a plate disposed
opposed to and above sai d supporting neans for substantially vertical

novenent. 22. An aggaratus accordiqg?to,Clain121,_mherein the plate
functions al so as Sai ChEPEEIREUF eYUTHINY Fahd2 1P ol &t It op of sai d

bl ock of LRSS, Mltielel §:68U5005 IRodd 08k BY Lhgs hegled ail. 23 An

apparatus according to Crarm 1 rein 1 $4Pd supporting
neans is inedh® JitHM0f a3rfgeehdt RRl nk@E interposed

therebetween, the air-permeative sheet being engageable

with the block of fibers,

1%. An apparatus according to Claim 18, wherein said
attitude regulating means has a fixing member for fixing at

least a part of said air-permeative sheet,

20. An apparatus according to Claim 18,
wherein an air-permeative sheet is placed on a top of

the fiber block.

21. An apparatus according to Claim 16,
wherein said compression means includes a plate
disposed opposed to and above said supporting means for

substantially vertical movement.

22, An apparatus according to Claim 21, wherein
the plate functions also as said attitude regulating means
to stop the top cof said block of fibers which is caused to

float by the heated air.

23. An apparatus according to Claim 16, wherein



carrying and feeding the block of fibers. 24. An apparatus according to
Claim23, wherein said attitude regulating neans is a guiding belt

di sposed opposed to said feeding belt in a region in which the he tpg ﬁ'

i mpi nges upon the block of fibers, wherein said guiding belt is for e h@‘
contacted by the block of fibers to guide the block of fibers. 25. An
apparatus according to Caim 23, wherepsn said conpression neans includes a
conpressing belt disposed opposed to said feeding belt with a gap
corresponding to a thickness of the fiber aggregate downstream of said
heated air generating neans with respect to a feeding direction of the

bl ock of fddielr sup@6rtfig aprarsatigs iacthe didign tod Gl desdi2lg Halt e

conpri sing cooling neans, disposed in a region in which said feeding belt
and sai d campvesgi endbktedigre tdgpbsedktof dddiersot her, for cooling the bl ock
of fibers which is heated by the heated air and which is conpressed by
said conpression belt. 27. An apparatus according to C aim 16, wherein the
fibers are made off4thBPndPRPASATYS GICEPrAIRSsth Tl 28l wheredFaciriths a

substantially cancentrjc cross-section in whic entral part is made of
oy pr opy s HAP G PRI SATIE TeAAPGERAT TS BethaBSBroRt JRtRFEEne
mat eri al , r.ei,n . Lr_ 1 h a rature which is
hi gher thé%pgaﬁglf%ggl%%?%ﬁgb ntﬁe§e%§%§éﬁﬁ$F§%g g% e?%%gggﬁglfomer t han
the neltingRobRE @boh ehe RAlGHR OBY k ePEr SBLRIrRlin said guiding belt

igs for being contacted by the block of fibers to guide the

block of fibers.

25. An apparatus according to Claim 23, wherein said
compression means includes a compressing belt disposed opposed
to gsaid feeding bhelt with a gap corresponding to a thickness
of the fiber aggregate downstream of said heated air
generating means with respect to a feeding direction of the

block of fibers.

26. An apparatus according to Claim 23, further
comprising cooling means, dispesed in a region in which said
feeding belt and said compression belt are oppeosed to each
other, for cooling the block of fibers which is heated by the

heated air and which is compressed by said compression belt.

27. An apparatus according to Claim 16, wherein the
fibers are made of thermoplastic olefin resin material and
each has a substantially concentric cross-section in which a
central part i1s made of polypropylene material, and a marginal

part is made of polyethylene material, wherein the heated air
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has a temperature which is higher than a melting point of the
polyethylene material and lower than the melting peint of the

polypropylene material.



