METHOD FOR FI LLI NG MATERI AL BEADS, METHOD FOR DI E- EXPANDED MOLDED FOAM NG

OF SYNTHETI C RESIN USING THI S METHOD, AND DI E- EXPANDED MOLDED
FCAM PRODUCT OBTAI NED THEREBY BACKGROUND GOF THE | NVENTI ON 1. Field
of the | nventi on The present invention relates to a nmethod for
filling material beads, a nethod for die-expanded nol ded foam ng of

synthetic resin using the above nethod, and a di e-expanded nol ded foam
product obtained thereby, in a die-expanded nol ded foam ng apparatus which
nol ds nol ded foam products using naterial beads made of thernoplastic

synt het i cMEEEOD FORIEELAINGHMARERTAINBEADS , METHGD \FIORBIE-EXPANDEDMRLDER i on
of the Related Art As a di e-expanded nol ded foam ng apparatus for
manuf act uF‘PMINﬂDq)Ee‘éNHWTW d%liﬁl& USTNG TS NETHOR 4 ANDrdHE JIXPANDED
thernoplastic synthetic resin, apparatus shown in Fig. 11 has *been
comerci al i zed, wher eiMPIDPERF QﬁMcﬁ UeH %’HAEMDaTIéEmg%osed opposi te
each ot her, chanbers 102 and 103 are disposed at the rear side of the dies
100 and 101 respectively, many vent holes 105 and 106 connecting the

chartber s 0% ARGl 8"l FifhlctdR” " °

The present invention relates to a method for filling
material beads, a method for die-expanded molded foaming of
synthetic resin using the above method, and a die-expanded molded
foam product obtained thereby, in a die-expanded molded foaming
apparatus which molds molded foam products using material beads
madg of thermoplastic synthetic resin, such as polyolefine and

polystyrene.

2. Description of the Related Art

As a die-expanded molded foaming apparatus for manufacturihg
molded foam products using material beads made of thermoplastic
synthetic resin, an apparatus shown in Fig. 11 has "been
commercialized, wherein a set of dies 100 and 101 are disposed
opposite each other, chambers 102 and 103 are disposed at the rear
side of the dies 100 and 101 respectively, many vent holes 105
and 106 connecting the chambers 102 and 103 and a cavity 104 are
formed in both of the dies 100 and 101, and utility £fluid, such

as the later mentioned heating steam, is supplied to the cavity



formed in both of the dies 100 and 101, and utility fluid, such as the
later mentioned heating steam is supplied to the cavity 104
of is exhausted fromthe cavity 104 through the vent holes 105 and 106. In
the structure of this case, upper utility ports 107 and 108 for supplying
heat'ing steam are di sposed at the upper part of the respective chambers
102 and 103, and lower utility ports 109 and 110 connected to a pressure
reducing punp or a drain pipe are disposed at the |ower part of the
respective chanbers .102 and 103 so that steamis supplied to the cavity
104. 104 @r dst exhapsftednifopnt theneayitynilOdolitbrough Lhe¢ veétopodes in
the dies 100 and 101, a core vent 111, which is a cylindrical body with a
cap havi A@5%andulefs . di Badthe sgirupture2of this ccase plupRen tidi tyeBOTrks| es
105 and 106, which are approximately 0. S5mnierr] round holes or

appr oxi MO8 gnd. B fATISHPHLYiag heat bpgikean §ree%§99§8dl %t ttfh@ BRBBECti ve
core vent attachnent holes 112, which are opene at a gltch I n

the di es PEEF &fd the) regpeqtiyves chambers, 102 and, 1934 PPG lgyer utiligy
order 10, 3005 089, oam bory uslag such g oS [oanin srpaLgbeS.
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102 and 103 so that steam is supplied to the cavity 104.

For actually forming the many vent holes 105 and 106 opened
in the d:i_.es 100 and 101, a core vent 111, which is a cylindrical
body with a cap having an outer diameter of 7 ~ 12mm where a
plurality of vent holes 105 and 106, which are approximately 0.5mmg
round holes or approximately 0.5mm width slits, are opened, is
embedded in the respective core vent attachment holes 112, which
are opened at a 20 ~ 50mm pitch in the dies 100 and 101, as
illustrated in Fig. 12 and Fig. 13.

In order tomold a molded foam body using such a molded foaming
apparatus, preexpanded material beads made of thermoplastic
synthetic resin, such as polyolefine and polystyrene, are supplied
from a material tank (not illustrated) and filled into the cavity
1 via a filling unit 113, are heated with the heating steam for
foaming and fusing, are cooled and solidified, and then are taken
out as a molded foam body.

Widely used methods for filling the material beads are 1)

a cracking method, 2) a pressure filling method, and 3) a



1viaafilling unit 113, are heated with the heating steamfor foaning
and fusing, are cooled and solidified, and then are taken out as a nol ded

f @am body. W dely used methods for filling the material beads are 1)
a cracking nmethod, 2) a pressure filling nethod, and 3) a

2 * conpression filing nethod, and these nethods will be briefly
described first. 1) The cracking nmethod is a nethod for filling

mat eri al beads by mechanically supplying the nechani cal beads using an
injector in a state where the material tank and the cavity are opened to
at nospher ¢empressieor, fihingamedhods adnshtthese methods r widilnibeg briesfilde i s
apt to cause filling unevenness, and increase the dispersion of filling
density. descrih?dTgér%Fessure filling method is a method for filling the

mat eri al beads_by pressurizing inside the material tank to 0.2 -~
1.5kg/cnferr], 1&%‘3‘%355?5‘?-%@ mathad isinpethediferfidilipgmaterial haads
cavity, ich i.s opened to atmyspheric pressure, through the chanber using
the diffée %ﬁ‘!‘?%a‘}}r“@;ﬁa’r §UPPLYiRgsthe iLchaniqal, beads Using an injector

in a state where the material tank and the cavity are opened to
atmospheric pressure, and has a disadvantage that air remaining
inside is apt to cause filling unevenness, and increase the
dispersion of filling density.

2) The pressure f£illing method is a method for filling the
material beads by pressurizing inside the material tank to 0.2
~ 1.5kg/cm?, and supplying and £filling the material beads into
the cavity, which is opened to atmospheric pressure, through the
chamber using the differential pressure. 1In this case, filling
unevenness is less than the above mentioned cracking method, since
differential pressure in the carrier passage from the material
tank to the cavity can be utilized.

3) The compression filling method is a method for supplying
and £illing material beads by pressurizing the pressure P inside
the material tank to 1.0 ~ 5.0 kg/cm?, slightly higher than the
pPressure filling method, and p:essurizing one chamber so as to
change the differential pressure (P - Pl) with the pressure P1
inside the cavity connected thereto via vent holes, and the filling
pProperty is good since the material beads are supplied in a

compressed state.



unevenness is less than the above nentioned cracking net hod, since
differential pressure in the carrier passage fromthe material tank to the

cavity can be utilized. 3) The conpression filling method is a nethod
for supplying and filling material beads by pressurizing the pressure P
inside the material tank to 1.0 - 5.0 kg/cnferr], slightly higher than the
pressure filling nmethod, and pressurizing one chanber so as to change the
differential pressure (P - Pl1) with the pressure P1 inside the cavity
connected thereto via vent holes, and the filling property is good since

the material Nows aamethofpforteating,cerpanding aid@ifising the material

Now, a nethod for heating, expanding and fusing the material beads, which
are fill cheadst hwhiclviane aihbed i imeatheabmarei tnidd mdrecbeamedasbove, will
Asaheat i ngexpansi onnet hodf ort hemat eri al beads, a nethod stated in the
Japanese Peeamingdd- Ghea heatbrg expansiondwe teed foenchamhyendad. bdadd hi s
publication, the process drawing shown in Fig. 14 is included, wherein (a)
- (d) deptdtethrd mtaHad indha stanaeseo Raternh LaidbhApaniNag 5H1171422he
dies and air_ anong the material beads with steam and the concrete content
of each W%HLEER agm%r%’el!é%aragi-ne@mwuﬂlwg.mu,ﬂae BYaeRss Arawigygbol
| ndi cat e dat b %%g:ilYfilssig(lzfgggd, WMLANMNLS YA P20 thé Prerites

exhausting process for substituting air in the dies and air among
the material beads with steam, and the concrete content of each
process will be explained below. In Fig. 14, a black valve symbol
indicates that the valve is closed, and a white valve symbol
indicates that the valve is open.

(a) is an exhaust process, wherein after the material beads
are filled in the cavity 104, steam is supplied from the top utility
ports 107 and 108 to the chambers 102 and 103 for a very short
time, and at the same time, air in the dies, particularly in the
chambers 102 and 103, is exhausted from the bottom utility ports
109 and 110 by suction. In this case, pressure inside the chambers
102 and 103 is increased to be a plus pressure by steam so that
steam enters among the material beads through the vent holes 105
and 106.

(b) is a both-side exhaust process, wherein the top utility
ports 107 and 108 are closed, and the vacuuming and pressure
reducing operation is continued to reduce pressure inside the dies

so that air existing in spaces among the material beads is sucked



(a) is an exhaust process, wherein after the material beads are filled in
the cavity 104, steamis supplied fromthe top utility ports 107 and 108
to the chanbers 102 and 103 for a very short time, and at the sane tinme,
air in the dies, particularly in the chanbers 102 and 103, is exhausted
fromthe bottomutility ports 109 and 110 by suction. In this case,
pressure inside the chanbers 102 and 103 is increased to be a plus
pressure by steamso that steamenters anong the material beads through
the vent holes 105 and 106. (b) is a both-side exhaust process,
wherei n tardtephaustedythpongh the vent 1B8leseles osrd, 1@61df dimed atnutheg
and pressure reducing operation is continued to reduce pressure inside the
dies so €h8% aeprbekhssifdgsin spaces anobng the naterial beads is sucked
and exhausted through the vent holes 105 and 106 formed in the dies on
bot h si des. (c) if.q pregsdde- QF&Beﬁﬁéﬁﬁatﬁrﬁg’e@%cé\glﬁr%r@m hafetamot t om
utility ports.109 and 110 are_ closed and steamis supplied from the top
utility p‘ﬂ)ﬁ'fli RBPLHR ! O ARt L b areyfilegedsapq §teﬁﬁ“e%§lﬁ‘é993e’eﬁﬂ:¢%‘l'c|§! ate,
for a sho tine. Jl.n.t.his case, é e upplie séean1 sses sequenti.a
t hr ough Chie B mitd il 5FRE; 4 gdﬂfl e ﬁﬂﬁﬂ SEhd Ot SRR pEAGST ¢ he
cavity 1q§re§§EEébfeduced state, for a short time. In this case, the
supplied steam passes sequentially through the vent hole 106 of
the die 101, among the material beads in the cavity 104, and the
vent hole 105 of the die 100, and flows into the chamber 102 at
the opposite side, by which all of the material beads and the dies
100 and 101 are preheated.

(d) is a one-side preheating process with an opposite flow
of steam, wherein a similar operation is carried out from the
chamber 102 side so that air in the cavity 104 is completely
exhausted, and at the same time, both dies 100 and 101 are preheated
while decreasing the localized temperature difference as much as
possible.

(e) is aheating process for fusion, wherein steam for heating
for fusion is supplied to both of the chambers 102 and 103 for
heating the dies 100 and 101, and for heating the materials beads
as well through the vent holes 105 and 106 of the respective dies
100 and 101, so as to complete foaming, and to mutually fuse the
material beads to form the molded foam body.

In the case of the above mentioned molding method, wherein

such a utility fluid as air and steam is supplied to the cavity



vent hole 105 of the die 100, and flows into the chanber 102 at the
opposite side, by which all of the material beads and the dies 100 and 101
are preheat ed. (d) is a one-side preheating process with an opposite
flow, of steam wherein a simlar operation is carried out fromthe

chanber 102 side so that air in the cavity 104 is conpletely exhausted,
and at the same time, both dies 100 and 101 are preheated while decreasing
the localized tenperature diff-erence as nuch as possible. ~ (e) is a
heating process for fusion, wherein steamfor heating for fusion is

suppl i ed ov imekhafistbd ttwmithescaiPtyyndhe0defit holesnaredidisphiesatli®, and
101, and for heating the materials beads as well through the vent holes
105 and 1betoforméngeventt hodedi williGauaadthélfoddowingoprobjpkmse f oami ng,
and to mutually fuse the material beads to formthe nolded foam body.

In the case of ?l%helramm,em compgnseitei Aigrnethengthtehicn is ddcreasedity

fluid as air and steamis supplied to the cavitfl ] ]
5 by openjing aguh £0FEcHeRE it tarhnent Mplesidn she @bees the wall

i ndi rm vent holes will cause the follow n r obl ens.
' ndi spens%lgigknegg to Oa r‘gfg made of aluminum alloy material musgt Fi:Je set

thick, 8 ~ 12mm for example, which increases heat capacity, causing
such problems as poor heat efficiency for heating and cooling,
or a slow speed of temperature rising and lowering, which drops
control accuracy.

(2) Since 2000 ~ 4000 core vent attachment holes are opened
in a general pair of dies, a complicated drilling operation
increases processing cost, and since the core vents are attached
manually, this operation is complicated, causing inevitable
damage on the surface of the dies, where an extra operation for
repair is necessary.

(3) Vent holes are clogged by e.g. scales, causing heat
failure, mold releasing failure, and cooling failure, which makes
a maintenance operation necessary, such as replacing cofe vents
or periodic cleaning by high pressure cleaning water.

(4) Traces of core vents and vent holes remain on the surface
of the molded foam product, which causes a drop in the beauty of
the' appearance of the molded foam product, and when the outer
surface is printed, traces of core vents and vent holes bécome

the cause of dropping printing quality.



(1) I'n order to conpensate for strength which is decreased by opening nmany
core vent attachnment holes in the dies, the wall thickness of a die nade
of alumnumalloy material nust be set thick, 8 - 12mm for exanple, which
i ncreases heat capacity, causing such problens as poor heat efficiency for
heatlng and cooling, or a slow speed of tenperature rising and | owering,
whi ch drops control accuracy. (2) Since 2000 - 4000 core vent
attachnment holes are opened in a general pair of dies, a conplicated
drilling operation increases processing cost, and since the core vents are
attached nan&éﬂl9fteni@0b§énatibheimobgﬁﬁlf@éﬂeﬁrOQEGEihg taeledadpen
damage on the surface of the dies, where an extra operatlon for repair is
necessar PY Sprayipg) cogdingoradexr dndooddel Apmbeys s @pdsat c’é}&ﬁ nbllﬂéat
failure, mold releasing failure, and coollngyfallure whi ch

mai nt enafedsEPELadnGH §@§§§aﬁﬁt%nEﬂFaEaV% aEPF§u§Br§hﬁﬂﬁ%Pto?°b%?rod|c
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becone %Q%egaﬂﬁgtoﬁedéwf@i@ﬂlg&' 3'98 Quéiééﬂ ‘state to obtain a clean
molded foam product, since the cooling water directly dontacts
the molded foam product.

(6) Since the material beads are heated for expanding and
fusing under the same heating conditions by supplying steam from
the chambers to the cavity. the surface property of the molded
foam product obtained like this (hereafter egual heating molded
foam product) chénges depending on the fusion rate of the beads.
Concretely, the surface property worsens as the fusion rate
decreases, and surface property improves as the fusion rate
increases. On the other hand, the higher the fusion rate of the
beads is set for an equal heating molded foam product, the better
properties become, such as the mechanical strength of the molded
foam product, buf heating, expanding and fusing time, and cooling
time become longer, which makes the general cycle time of molding
longer, decreasing productivity.

For the above reasons, in the above mentioned molding
technology, the fusion rate of beads of a molded foam product is
set to e.g. 40 ~ 80% so as to improve surface property to insure

beauty in appearance and to insure mechanical strength by setting



(5) After nolding, the nolded foam product is cooled down by spraying
cooling water into the chanbers, and at this tine noisture infiltrates
into the cavity through the vent holes, resulting in the nol ded foam
product containing 6 - 10% water inside, which nmakes a drying .process
necessary. Al so the cooling water nmust be controlled to be a clean state
to obtain a clean nolded foam product, since the cooling water directly
contacts the nol ded foam product. (6) Since the material beads are
heat ed for expandi ng and fusing under the sanme heating conditions by

suppl yi ng stu€fidcieotilyt high hudibors at e hbowawviery thehfusioh acat @ musdr bg of
the nol ded foam product obtained |ike this (hereafter equal heating nol ded
f oam pr ogedt highaemewghcpe idisure beand yf 45 appearance evien (fexs molded
Concretely, the surface property worsens as the fusion rate_ decreases, and
surface FogfemBeduit ovekchisdenas nedi demand highmechanicalt EEXeRAER hand,
the higher the fusion rate of the beads is set for an equal heatingtnnlded

f oam prodherefore parete thmgpdan deoldinge Increnses (34 nBERIACEAVILY
Ui e, andeCRORERE - | THE TRCHHE TARREPT AP RTAA LD BRCHEHATS O RA Eh! o
'n he aBSOSeIeh PERER MBI B HACCEoERRSLEN, WheR, thesRBRaRd: s8R ErbfEes
o ocd, | P8 e g Sentctoty, Yhe oAMug: Broken BN/ RoTUFhaRES |
by setti B¢ measurement, regarding a bead as not fused when the bead itself

is not broken but has a crack along its surface, and regarding

a bead as fused when the bead itself is broken.

As described_ above, in conventional molded foaming methods,
where such a utility fluid as steam and air is supplied to the
cavity or is exhausted from the cavity using the vent holes to
obtain a meclded foam product, forming the vent holes cause the
many problems mentioned above.

To completely solve these problems, the present inventors
examined practical methods for molded foaming using dies without
the vent holes, and conductéd various tests. Even if the vent
holes are not formed in the dies, passages which substitute for
the vent holes are indispensable for supplying or exhausting such
utility fluid as steam and air to/from the cavity, so there are
many problems including where and how such passages -are to be
formed and at which timing and under what conditions the utility

fluid is to be supplied to these passages.



7 a sufficiently high fusion rate, however the fusion rate
must be. set high enough to insure beauty in appearance even for a nol ded
f.oam product which does not demand hi gh nmechani cal strength, therefore
cycle tine for nolding increases and productivity decreases. The fusion
rate here is based on an evaluation of the state of beads in a
cross-section when the nolded foam product is split, and nore concretely,
the ratio of broken beads determ ned by neasurenent, regarding a bead as
not fused when the bead itself is not broken but has a crack gﬂong its
surface, and PB§aPdi §§chaPpeRdens i§saqJPhARhenneoReghnipg fimethad keR.
As descri .above, in_.conventional .nolded foam ng nethods,” where such a
utility Fﬁg'&n§%¥§9e5ﬁﬁgﬁ& '% ss&ﬁpﬁ%@ﬂcﬁylt e cavity or is exhausted
fromthe cavi usl e vent holes.t t ai d m

formng the vk‘*tenhgﬁgséﬁ ﬁ%eméﬁglo%%y&ﬁ%n%e%ﬁ g%eggggbv@éggﬁ%l To
conpl ete I t hes e.p t.d,N ] p. I ca
ret hods. PR, Pz BFoSuPRILER Bp HUCaPRBRAE bl "YERVER, oGHE RRLe BhACH
conduct eqnViqd @it dL£hE afdeWiithoutdalY coliphieteditcl®ded ObURE1 11 148

di es, passages which substitute for the vent hole$S are indispensable for
suppl yi ngsOrs L Xxiiedifdit NEhatCht Uld linpodd itk ato Shppiyarthial mdtHdd ofeEhe

cavity, so there are
practical use.

In the case of the pressure £illing method, which can maini_:ain
the inside of the cavity to atmospheric pressure by leaving some
space open in the set of the dies, filling operation is possible
up to a point, but the filled material beads are compressed for
the closing dimensions corresponding to cracking after the £filling
operation, so when a box shaped molded foam product which top £face
is open is manufactured, for example, compressibility differs
between the plane portion to be the bottom of the molded foam
product and the portion to be the side wall, where the £illing
factor is greater in the plane portion than in the side wall portion,
still causing filling density unevenness.

In the case of the compression filling method, the inside
of the cavity must be maintained to be a predetermined pressure,

- which is atmospheric préssure or higher, however we cannot compare
and examine this method since there is no means for supplying the

material beads with dies which have no vent holes whilemaintaining

pressurization.



many probl ens includi ng where and how such passages are to be forned and
at which timng and under what conditions the utility fluidis to be
supplied to these passages. One of such problens is a
probl em concerning a nethod for filling the material beads to the cavity.
When the above nentioned cracking nmethod is used, material beads can be
supplied up to a point by |eaving sone space open in the set of the dies
wi t hout being conpletely closed, but filling is so uneven that it is

i npossible to apply this nmethod for practical use. ‘I'n the case of
the pressure flitl iisngnnebliedt ofii the ceresenhtbiiventhen bgicemerchalizeity
to atnospheric pressure by |eaving sone space open in the set of the dies,
filling @peewmaddadfpaning appagatus ¥hpsenthe pent heles| axe negt Eermedpbeads
are conpressed for the closing dinensions corresponding to cracking after

the fill ifgthefdeafasss . andionpropide shapthofof o £ lddngthgusatoriah t op
f ' IS, factured, for. | e, _ Lbility_di

bot veen_ PREAS WBoreRofLEgmbEe: FbLLORE o oY STRESRONRERS Shht LERGAHRS and
th ti t th [ L1, wh the filli f.act ' t [
the bl anBapsrirdbends: Malbisiont h vAE Brebame ef e Boaabqléenthe,”
density BBS\AQ‘%[E%ShaVing no vent holes, a method for die-expanded molded

foaming of synthetic resinusing the fillingmethod, and to provide

a die-expanded molded-foam product obtained thereby.

SUMMARY OF THE INVENTION

A method for filling material beads according to a first
aspect of the present invention is a method for filling the
material beads from a material ténk to a cavity comprised of a
set of dies, wherein the cavity is formed enclosed with a pair
of dies with chambers disposed on the rear side respectively, and
is air tightly isolated from the chambers, then the material beads
are supplied to the cavity while maintaining the pressure in the
cavity at a predetermined minus pressure with respect to the
pressure in the material tank.

In the case of the filling method according to the first
aspect., the chambers and the cavity are air tightly isolated, that
is, the molded foaming apparatus to be used does not have vent
holes for connecting the chambers and the cavity in the dies,
therefore the above mentioned problems caused when forming vent

holes can be fundamentally solved. Filling the material beads,

10



In the case of the conpression filling method, the inside of the cavity
nmust be -maintained to be a predeterm ned pressure, which is. atnospheric
pressure’ or higher, however we cannot conpare and exam ne this nmethod
since there is no neans for supplying the material beads with dies which
have no vent hol es while maintaining pressurization. It
I's an object of the present invention to comrercialize a new nol ded
foam ng apparatus where the vent holes are not formed in the die faces,
and to provide a nethod for filling the material beads which can minimze
filling ufdlehibklines AliferengahPrengere Doy thhinateriahdafk t he
probl ens of _the nol ded foamin appar at us havi.ng no, vent, holes, a nethod
for di e- ABAABELHEHE Caf‘o%%%ﬁ&l arrhediut 8&%@13’594@15{ FRemyessire
nmet hod, an 0 provide di.e-ex ded nmol ded foam product obtained
t hereby. © mﬁﬁﬁﬂﬂa—@?]ﬂ\fﬁlﬁ'?’%\? cav:ng;g\. nmethod for filling material
beads accordi 0, | St ct . of e _pres | .on. i t.hod for
filling the na éerfllg}ﬂbrf{s%d%e _ ro'(;cfnaac c?roa]{%ﬁ%lé? a‘%gé téoé%oel{g%vaﬁ}%/%%toraripér&_e% of a
set of digge dh yé%&aék%yshﬁpiﬁfgﬁeﬁoef'ﬁéoé%g& %%&?da&ntoéjtrf’irﬁﬂs
wi th chanbers di sposed on the rear side respectrvely, an s ar tightly
I sol at ed {ROPredgurBaPehe abdRImbhe1 SREAMa e P 8ank in an atmospheric:
pressure ~ 5.0 kg/cm’ range. This configuration is preferable
since filling density becomes relatively uniform in the plane
portions, the side face portions or even in the narrow portions
of the cavity, by compressing and decreasing the capacity of the
" material beads in the cavity to be an optimum outer diameter
(capacity).

A filling method according to a third aspect is that the
pressure in the cavity is maintained to be a pressurized state
which is less than minus 0.5 kg/cm® with respect to the pressure
in the material tank and the atmospheric temperature or more. It
is preferable to set to this range because in a pressure state
outside this range, the flow velocity of the carrier air flow
becomes excessive, and clogging of the material beads occurs in
the cavity or in a narrow portion of the filling passage.

A filling method according to a fourth aspect is that the
pressure in the cavity is maintained to be a reduced pressure state
which is from atmospheric pressure to a minus 1.0 kg/cm® range.

In this case, the pressure in only the cavity is reduced for the

material beads which do not need compression and decreasing

11



are supplied to the cavity while maintaining the pressure in the cavity at
a predeterm ned mnus pressure wth respect to the pressure in the

mat eri al tank. In the case of the filling method according to the
first aspect, the chanbers and the cavity are air tightly isolated, that
I's, the nolded foam ng apparatus to be used does not have vent holes for
connecting the chanbers and the cavity in the dies, therefore the above
menti oned probl ens caused when form ng vent holes can be fundanentally
solved. Filling the material beads, 10
whi ch ut icapaed tdi,f Wbdeht ial ppefexable eorese tshaegntdveapregsureantiatie
cavity, .can be easily carried out by adjusting the pressure of the

mat eri al iSaffRsihy nantained during £iAding.| ang fik Sepsidiyngecemese
second aspect is that the material beads are supplied to the cavity while
mai nt ai nRdEorre 1pr EBeuPLane ROELLPRY LHeHIS HP FACH PCTILNE PK glen

at nospher.ic _pressure - 5.0 kg/c err! range. This configuration is

pref er abf® thien DATEOW PoF P;E ¥ -atively uniformin the plane

pOr 1 0nsy el LG8 RRELL 8Tl o' L A SoR3EERY, PR BB eeRlulle
to set the pressure in the cavity in a minus 1.0 ~ 5.0 kg/cm’® range,
which is a fifth aspect.

A method for die-expanded molded foaming of synthetic resin
according to a sixth aspect is a method for die-expanded molded
foaming of synthetic resin comprising the steps of: filling
material beads in a cavity for molded foaming enclosed with a pair
of dies with chambers disposed on the rear side respectively;
heating, expanding and fusing the material beads to be a molded
foam body; and cooling, releasing and taking out the molded foam
body from the dies, wherein the following processes are included.

a) A die closing process where the dies are closed to form
the cavity air tightly isolated from the chambers and to form
utility passages directly connected to the cavity.

b) A filling process where the material beads are supplied
and filled into the cavity from the material tank by the method
for £illing material beads according to one of the first to fifth
aspects, and at the same time heating steam is supplied to the
chambers so as to heat the entire dies around the chambers to a

temperature where the material beads do not expand.
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material beads in the cavity to be an optinumouter dianeter (capacity).
A filling method according to a third aspect is that the pressure in the
cavity i's maintained to be a pressurized state which is |ess than m nus
0.5 kg/cnferr]2 with respect to the pressure in the material tank and the
at nospheric tenperature or nore. It is preferable to set to this range
because in a pressure state outside this range, the flow velocity of the
carrier air flow beconmes excessive, and clogging of the material beads
occurs in the cavity or in a narrow portion of the filling passage.

A filling net el Arcarirrnpl heating tnreggas where heating sheass heying t he
cavity is maintained to be a reduced pressure state which is from

at nospherd ct§MRREIFEre oles g than the EEAY temperature gt thesmategdal
pressure in only the cavitﬁgis reduced for the pmaterjal beads which do not

need conpg?@RLF diF sHBPdderlehe the cavity through,hei ¥iiliky BRYSAYRSAGTaDI e
i1 Ting doe 5w HER e i A (50 HETh o oot bogian g g it *
POr1 00, b BobRgREY GULRET 1L Windat 08 UMDY caces of Wi,
in the Caé’ﬂéi’oé{h& m@L@a‘;ipy_- 5.0 kg/cnferr] range,

d) A fusion heatihg process where heating steam having a
temperature at the fusion temperature of the material beads or
higher is supplied to the chamber so as to évaporate the condensed
water in the cavity and to progress the expansion and fusion of
the material beads.

According to this molded foaming method, just like the
fillinglmethod in accordance with the first aspect, the chambers
and the cavity are air tightly isolated, that is, the molded
foaming apparatus to be used does not have vent holes for
connecting the chambers and the cavity in the dies, and steam and
air are supplied to or exhausted from the cavity, not through vent
holes but through utility passages directly connected to the
cavity, therefore the above mentioned problems caused when forming
the vent holes can be fundamentally solved by the setting of the
utility passages.

Since the material beads are filled by a filling method
according to one of the first to fifth aspects in the filling
process, filling can easily be uniform by adjusting the pressure

of the material tank and the cavity.
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which is a fifth aspect. A met hod for die-expanded nol ded foaning of
synthetic resin according to a sixth aspect is a nmethod for die-expanded
mel ded foam ng of synthetic resin conprising the steps of: filling _
material beads in a cavity for nolded foam ng enclosed with a pair of dies
with chanbers di sposed on the rear side respectively; heating, expanding
and fusing the material beads to be a nolded foam body; and cooling,

. releasing and taking out the nolded foam body fromthe dies, wherein the
foll ow ng processes are included. a) A die closing process where the
di es are cl osedlso the ptiddsycElnig¢ can be ghppyiedotatthe tavityhangddnber s
and to form utility passages directly connected to the cavity. b) A
filling pfRBRRrsHidenendenlily i dharafore preheatling ofafbef diesdcamthe t he
cavity fromthe material tank by the method for filling material beads

accor di nPRYFIHRA Y (HPR1¥ LRI tltﬁffiilf‘iﬂh stage dis thehFchambers sapangately
At ound 1 MO e F4 004 g oPBRBEaRar cLMRAASH, HOTRg-ctE ol HIRASTRPIR(TO
expand. preheat the dies, entered from the closilr?g process to the £filling
process, preparing for the expansion operation in the after
process, even when molding is continuously performed because time
has passed since the last heating operation and temperature of
the dies has considerably dropped, but in a conventional filling
process, where air for filling the material beads is exhausted
from the cavity via the chambers, the dies cannot be preheated
in this filling process stage. Whereas in the present invention,
where the exhaust passage for air for filling is independent from
the chambers, preheating for the dies can be operated in parallel
by supplying heating steam to the chambers separately from the
filling operation.

A method for die-expanded molded foaming according to a
seventh aspect is that in the die closing process, a die-expanded
molded foaming apparatus is used, where slit shaped openings
opening to the cavity and/or openings opening to the cavity near
é.n accessory part to be attached at least to one of the dies are
formed along the joint of the dies to be the opening width which
is an outer diameter size or less of a material bead to be filled,

and at the same time, connecting passages connecting the openings

to external utility pipes are disposed.
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c) An internal heating process where heating steamhaving a tenperature

| ess than the fusing tenperature of the material beads is supplied to the
cavity through the utility passages for the cavity so as to heat the
filled material beads, and at the sane tine, condensed water is generated
on the faces of the dies enclosing the cavity. d) A fusion heating
process where heating steam having a tenperature at the fusion tenperature
of the material beads or higher is supplied to the chanber so as to
evaporate the condensed water in the cavity and to progress the expansion
and fusion of Byhwsimg euchl alsbziexpanded moddiedi igaminghappama tesl, famar ng
met hod, just like the filling method in accordance with the first aspect,
t he chantieent agtachmendiolegs gaa be compdietiely ebiminated hamanufaatvring ded
foam.ng apparatus to_be used_does not have vent holes for connecting the
chanber s @8t (9AD by iegreaseddyiconstaiaicing khendiesi thine anpmandgrab or
exhausted fromthe cavity, not through vent holes but through utility
passages {FFRERFY ofoRHeR A tHEY I#é-u;'%aﬁst?/‘,:eﬁfﬁé’raé\‘ Bf"'ec‘?‘h%r%g‘?%' nentShed

Phe. set i Pt 1 Eog f ety theodes veht SPeidfincR nalellFratngeaiclar e
filled b filli et dj t f the first taq.fif.th t
in the {179 ng tpPRARE, e ERRE CRRAEHS A o BegkieRerl oy adtiatimiy e

Egessur e pﬁ;dﬁ@@imfr ¥ ROk ARd thEnCqYd T ¥mproved, and maintenance

operation required for clogging of the vent.holes by scales can
be decreased or eliminated. The openings formed at such positions
do not drop beauty in appearance of the molded foam product, and
such utility fluid as steam can be evenly supplied to the cavity.

The method for die-expanded molded foaming according to an
eighth aspect is that the above mentioned accessory part is a
filling unit of material beads. Since traces of the end face of
the £illing unit always remain on the surface of the molded foam
product, the openings are formed near the filing unit so that
traces of the openings are not outstanding, and a drop in
appearance of the molded foam product is prevented.

The method for die-expanded molded foaming according to a
ninth aspect is that a returning-to-atmosphere process for
releasing the inside of the cavity from the pressurized state to
an atmospheric pressure state or an exhaust process for reducing
the pressure inside the cavity to exhaust internal Iair is added

between the filling process and the internal heating process.
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Al'so the utility fluid can be suppliéd to the cavity and the chanbers
I ndependently, therefore preheating of the dies can be operated by

suppl yi ng heating steamto the chanbers separately fromthe filling
operation. In other words, it is preferable to preheat the dies, entered
fromthe closing process to the filling process, preparing for the

expansion operation in the after process, even when nolding is .
continuously performed because tinme has passed since the |ast heating
operation and tenperature of the dies has considerably dr oppe_d, but in a
conventional fIflthey reinuudgy- whertmesiphdme piiddeissyishaddedelike tiveiads i s
exhausted fromthe cavity via the chanbers, the dies cannot be preheated
in this fthe| mgtpraads beadgearielesswhichhdgieskeeni presshohzedwand t he
exhaust passage for-air for filling is independent from the chanbers,
pr eheat i nNEPFRFe$FRd grPandAs B€e§§EF&tJ®rﬁﬂu§&rﬁfﬂn%f1113%%#%1\gPﬁ@fﬁ.ng
steamto the chanbers separately fromthe _ filling gperation. .
net hod foﬁh%ﬁ: -%a%@%ﬂ%g%é’m VG1& cerarAgeotaoms 08 ntd Aspdd®ai s
that in t<‘l1,1\?e1 die closin rpcess, .a di e-expanded, .nol ded foam ng appar at us
is used, WRBTEEY %‘ﬁg’ﬁgﬁl ‘b%ilaﬂﬁsc° 5%’1’1?&5’ Y195 &MoRng ??rﬁﬁ‘a?%? ngs
openi Ng 10 11%& A dooBiedh adilhff FYY AP dnd QAR PAIEL Aadf A £ ©
one of the dres ar _
result uniformity inside the molded foam body improves. If the
exhaust process is added, the pressure inside the cavity is reduced
by actively exhausting air inside, and the percentage of void and
residual air content can be decreased, and as a result uniformity
inside the molded foam body improves, just like the
returning-to-atmosphere process.
A method for die-expanded molded foaming according to a tenth
aspect is that heating conditions for a pair of chambers and a
cavity are controlled in a state where material beads made of
thermoplastic synthetic resin are filled in the cavity by the
filling method according to one of the first to fifth aspects,
and the material beads filled in the cavity are heated, expanded
and fused while controlling the internal fusion rate at will with
maintaining the surface property of the molded foam product. .
According to this molding method, wherein supply steam to
the pair of chambers and cavity are supplied independently and
the heating conditions for respective spaces are adjusted

independently, the surface property of the material beads filled

in the cavity contacting the dies can be adjusted respectively
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formed along the joint of the dies to be the opening width which is an
outer di.ameter size or less of a material bead to be filled, and at the
same time, connecting passages connecting the openings to external utility
pi pes are disposed. 14

By using such a die-expanded nol ded foam ng apparatus, core vent
attachnment hol es can be conpletely elimnated, manufacturing cost can be
decreased by constituting the dies thin, and control accuracy of such
utility fluid as steam can be controlled. Since operation for formng the
core ventusingchhenstean & dedsuppddeidoho the paincdf nchambkersr eanvé@nthe ar e
decreased or elimnated, productivity of the dies can be inproved, and

mai nt enanf@signerate f theumaseriad b¢§§g|ﬂgnobetdﬁﬂuﬂﬁﬂdlﬂﬂdﬁpﬁndanﬂzﬁ
can be decreased or elimnated. The openings fornmed at such positions do
not drop %E@ﬂt?h?rﬁQﬁﬁﬁﬁﬁeﬁﬁﬁPQﬁ X HRY haafckng o A¥RATARRG anthFusing thelity

fluid b I I dtoth t Th t hod for
i o exﬁzﬂﬁéﬁgﬁé Foart e B gty aaviey Wi #fm& .bbeem”&m%a

b d t te i nce
anove Tenky AR ROSEYS P oy . LLLEBOML (oA RCLE ! RERE Sl 12,

the ”DldQQﬁﬁgiﬁlng'while keeping the internal fusion rate of the molded
foam product low, and to manufacture molded foam products with
a beautiful surface as well, and consequently both productivity
and commercial value can be implemented.

Since the chambers and cavity are formed in an air tightly
isolated state, heating conditions for these three spaces can be
more accurately set, and fhe above mentioned problems caused when
forming the vent holes can be fundamentally.solved. Vent holes
connecting the cavity and the chambers may be formed only if the
vent holes do not have a negative influence 6n control of the
utility fluid. If the vent holes are formed in the core die and/or
the cavity die, traces of the vent holes remain in the molded foam
product, so it is preferable to form the vent holes such that the
traces come to a location not outstanding in the molded foam
product.

The method for die-expanded molded foaming according to an
eleventh aspect is that the internal fusion rate is controlled
at will with maintaining the surface property of the molded foam
product, while independently controlling the heating conditions

for the pair of chambers and the cavity. The pair of chambers
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product, the openings are formed near the filing unit so that
t he openi ngs are not outstanding, and a drop in appearance of

traces of
t he nol ded

f eam product is prevented. The net hod for die-expanded nol ded foam ng

according to a ninth aspect is that a returning-to-atnmosphere
rel easing the inside of the cavity fromthe pressurized state t
at nospheric pressure state or an exhaust process for reducing

process for
o an
the pressure

inside the cavity to exhaust internal air is added between the filling

process and the internal heating process.

15 may be controllfed Kogedthemi bytt dtaisoppéferablects scostrabethd i ke

this, the nmaterial bead particles which have been pressurized

and

conpr ess ARV e Shambeng d ndepeadeadd yasdnicel thehsunfiacel psppecty of

therefore the percentage of void decreases from40%to 5 ~ 20%

decr easi ng

the resi FuEPTERFedhitbRico%e ddemidesng bthe suzifacepreperiv|af psuriaas| em

during fusj

in the after process, and. . as a result uniformty inside the

nol ded f oaaifn%B&ﬁaYW side ofj,the moldrd feapRIROYGt samche adntnaldedr e

I nsi de g, £l e &4 educed

The method for die-expanded molded foaming according to a

twelfth aspect is that the steam pressure and the time are

controlled as heating conditions. It is also possible to control

the steam temperature as a heating condition, but controlling the

steam pressure and the time is preferable, since conventional

steam equipment which has been used at a factory can be used, and

equipment for control can be constructed at low cost.

The method for die-expanded molded foaming according to a

thirteenth aspect is that the material beads are polyolefine

synthetic resin matérial. Polyolefine synthetic resin material

is preferable in terms of easy f£filling of the material beads even

in a narrow portion, because the raw material itself is soft and

has high gas permeability, which makes it much easier to change

the shape of particles than material beads made of polystyrene

synthetic resin material having the same expansion ratio.

A die-expanded molded foam product according to a fourteenth

aspect is a molded foam product which is molded using material

beads made of thermoplastic synthetic resin and has a beautiful

surface free from traces of core vents and core vent holes. Such

molded foam products with a beautiful surface free from traces
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by actively exhausting air inside, and the percentage of void and residual
air cont.ent can be decreased, and as a result uniformty inside the nol ded
f oam body inproves, just like the returning-to-atnosphere process. A
met hod for di e-expanded nol ded foam ng according to a tenth aspect is that
heating conditions for a pair of chanbers and a cavity are controlled in a
state where materi al beads nmade of thernoplastic synthetic resin are
filled in the cavity by the filling nethod according to one of the first
to fifth aspects, and the material beads filled in the cavity are heated,
expanded ofindofesweéntisi landc mure|vemly hdkes naeenpirefesrabler &imost oliddn wit h
mai ntai ning the surface property of the nol ded foam product.
Accor di ngextnthng #isl posgildehcd theereuhesupprkfaseeanBuch wiod ded rfaxm
chambers and _cavity are supplied independently and the heating conditions
for respeR¥oductpear be cagilyiranufacikpeed oy |3 malded fdamwingpmgidrad of

the material beads filled in the cavity contacting the dies can be
adj ust ed qlgg%@:ppgepy one of the tenth ~ thirteenth aspectg.

RO L TR A N TG M€ W TR P
aspect is that the internal fusion rate is lower than an equal
heating molded foam product, having the same surface property
setting, obtained by heating the surface and the inside under the
same heating conditions. Such a molded foam product can decrease
heating, expanding and- fusion time during the molding and the
cooling time, and can improve productivity by decreasing the cycle
time for molding, since the internal fusion rate is lower than
an equal heating molded foam product having the same surface
property setting. Also both productivity and commercial value
can be impleménted since the surface property can be sufficiently
maintained while setting the internal fusion rate low, without
dropping commercial value.

The die-expanded molded foam product according to a sixteenth
aspect is that the internal fusion rate is higher than an equal
heating molded foam product, having the same surface property
setting, obtained by heating the surface and the inside under the
same heating conditions. Such a molded foam broduct has higher
mechanical strength since the internal fusion rate is higher than
an equal heating molded foam product having the same surface

property setting, and is suitable when the surface property of
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fromthe surface property by heating, expanding and fusing the nmaterial
beads filled in the cavity using steamto be supplied to the cavity. This
makes it possible to decrease the cycle tine of nolding while keeping the
internal fusion rate of the nolded foam product |ow, and to manufacture
nol ded foam products with a beautiful surface as well, and consequently
both productivity and conmmercial value can be inplenented. Si nce the
chanbers and cavity are forned in an air tightly isolated state, heating
conditions for these three spaces can be nore accurately set, and the

above nenthenawldedbfomm qeooductvhbs nbdr @ mpjde reguibeineatcdutbeonly
fundanental |y solved. Vent holes connecting the cavity and the chanbers
may be fofkEangkhyls demaadedsnt Insidwenivords , hsweha meddedvEoam fgnehmet on
control of the, ut|I|t | ui d If the vent holes are fornmed in the core
di e and/ okasiinig ¥’(§f’é-°at1r gtrengtht bnge hhehdndenngdnfusiant hetevlsled
preferable to formthe vent holes such that the

foam produc

traces coﬁé %‘8"’ tci?q}bé’ﬁ §HUASt heattrameided Foame Prodyed hawing pikel same

The net hod di e- ex ded | ded foam ng according to an eleventh aspect
i s that tﬁ%rfﬁ?%r%?p$ﬁ€70%e Rg; & r?fl?"cgﬂ thils Molfied feam nradc disng

t he surfqﬁgn Iﬂ% .ded_foam. product ngpendentl

control Iing ?ﬁggﬁéég?ﬂ%ycon Jﬁﬁ%meggPdtﬁgcﬁﬁﬁthm@%H@Wﬁ

cavity. TheaPfhg steanl'BRBEESre in the heating process can be set hig];h only
for the molding space formed by the cavity die and the core die,
and therefore the amount of steam to be used is less than the case

‘of molding an equal heating molded foam product, and energy can

be saved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a general structural drawing of a die-expanded
molded foaming apparatus:

Fig. 2 is a II-II cross-sectional view of Fig. 1;

Fig. 3 is a general structural drawing of a die-expanded
molded foaming apparatus having another configuration;

Fig. 4 is a general structural drawing of a die-expanded
molded foamihg apparatus having another configuration:;

Fig. 5 is a V-V cross-sectional view of Fig. 4;

Fig. 6 is a general structural drawing of a die-expanded
molded foaming apparatus having another configuration;

Fig. 7 is a general stfuctural drawing of a die-expanded

molded foaming apparatus having another configuration;
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may be controlled together, but it is preferable to control the respective
chanbers. i ndependently since the surface property of a surface at the core
di,e side and the surface property of a surface at the cavity die side of

t he pol ded foam product can be controlled independently. The net hod
for die-expanded nol ded foam ng according to a twelfth aspect is that the
steam pressure and the tine are controlled as heating conditions. It is

al so possible to control the steamtenperature as a heating condition, but
controlling the steampressure and the tinme is preferable, since
conventional Bigandelsipngenenhl cbthasthrah drewiag eff acddey ecpangiedised,
and equi pnent for control can be constructed at | ow cost. The net hod
for di e- exphieiddfoarhiegl dppanaus chavttgganothert apnfiguratiepect is that
the material beads are polyolefine synthetic resin material. Polyol efine
synthetic resifigmt2rial a progessedasiwing depigting casyethed| fgrodire

mat eri al beads_even _in_a narrow portion, because the raw material itself

is soft ofxPanded A sEAIIRGDI 1ity, which makes it nuch easier to

Hf
change the shape of particles than material beads nmade of pol ystyrene
synt hetic resi %ntL?iéF Ra PRy inge dSRIC AN nSTEERGE pPopbrgy and

ol ded | O RRLC AT R €6 oA dbdvaien Tern peptiefieiaade or

ther nopl asti ¢ ﬁi@g .hq.tli Y 1r4e§£Q cﬁ:tg«vi}}?gss i‘eﬁ.%"i:létdi {:Hlprior art, wherein Fig.
11 is a general structural drawing of a die-expanded molded foaming
apparatus, Fig. 12 is a longitudinal section of an area near a
core vent, Fig. 13 is a plan view of core vents, and Fig. 14 is

a drawing depicting a method for molding a molded foam body.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will now be described
with reference to the accompanying drawings.

As Fig. 1 and Fig. 2 show, a die-expanded molded foaming
apparatus 1 comprises a core die 2 and a cavity die 3, which are
a set of dies disposed opposite each other, beads filling means
for filling material beads 5 into a cavity 4, which is formed by
the core die 2 and cavity 3, by air flow, préssure reducing means
for reducing pressure inside the cavity 4, compressed air supply
means for supplying compressed air into the cavity 4, steam supply
means for heating the material beads 5 filled in the cavity 4 by
steam and expanding and fusing the material beads, and cooling

means for cooling the molded foam product.
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surface free fromtraces of core vents and core vent holes. Such nol ded

foam products with a beautiful surface free fromtraces .

18 ' of core vents and core vent holes are preferable since

clean printing is possible on the outer surface. Such nolded foam

products can be easily manufactured by a nol ded foam ng method according

to one of the tenth - thirteenth aspects. The di e- expanded nol ded

f oam product according to a fifteenth aspect is that the internal fusion

rate is lower than an equal heating nolded foam product, having the same

surface properAy a seav ingtexbdhi o dtlby neetedr Dl theadsirs ace 1wl ndteriwl de

under the sane heating conditions. Such a nol ded foam product can decrease
heati ng, lxpemglichprantenisstoics iswtibledorhe . gol thegraridindg econabiot ioms

time, and can inprove productivity by decreasing the cycle tine for

nol di ng, @f tde medded: Epaml PTeduch tatbe menufacturednis e lkegied hotersy

nol ded foam product having the sane surface property setting. Al so both
product i BRIY HEreRpmEYRitAetis yeestRn madendsilonepetiiokefiteet ryndihertice
roperty can, be suffjcientl mai nt ai ned while setting the internal fusion
Patg |Oa#r%ﬁ%quﬂﬁterials, s&%h as polyethylene and pof%propylene, and a

copolymer of these synthetic resin materials can be used.

The expansion ratio of the material beads 5 is preferably
in a range of 3 ~ 150 times, although this depends on the raw
material of the material beads 5. Concretely, in the case of the
material beads made of polystyrene synthetic resin material, 3
~ 100 times, more preferably 3 ~ 80 times, is suitable, and in
the case of the material beads made of polyolefine synthetic resin
material, 3 ~ 90 times, more preferably 3 ~ 60 times, is suitable.
For particle size, 1 ~ 10 mm, more preferably a 2.0 ~ 8mm, is
suitable. Material beads made of polyolefine synthetic resin
material, in particular, are preferable in terms of improving
filling property, because the raw material itself is soft and has
high gas permeability, which makes it much easier to change the
shape of particles than material beads made of polystyrene
synthetic resin material having the same expansion ratio.

The core die 2 and the cavity die 3 are respectively attached
to a housing 12 having a frame 10 and a backboard 11, and a set
of a first chamber 13 and a second chamber 14 are formed on the

rear side of the core die 2 and the cavity die 3 respectively.
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dr oppi ng commerci al val ue. The di e- expanded nol ded foam product
according to a sixteenth aspect is that the internal fusion rate is higher
t han an 'equal heating nol ded foam product, having the sane surface
property setting, obtained by heating the surface and the inside under the
same heating conditions. Such a nol ded foam product has hi gher. nechani cal
strength since the internal fusion rate is higher than an equal heating
nol ded foam product having the sane surface property setting, and is

sui t abl e when the surface property of 19
t he nol ded foaTherfidist chambelr B3 rAid thecspicovdtanbdr anl yre sfomregitted s
demanded. In other words, such a nol ded foam product has hi gher nechani cal
strengt h sorcestidam suppliyapipesldranditan air bughty pipe b6 regpeicthsstliyng
nol ded foam product having the sane surface property setting, and when

thi s nol deta uddmigiovadvessSVirandf 3¢2 anstiswitghimgdrakyvesSWyd aedsiizhg to
the first aspect, heating steampressure in the heating process can be set
hi gh onl yand gt the Sﬁﬁlled?ifgesBE@quIHF%%yot%éréaOiRJ;PjS%é ahamressNRe di e,
and therefore the appunt of steamto be used is | ess than the case of

mol di ng AFCEYEERI LIPS N8 B HRq2t BaRIEMBUEP, 1anFesRecdy vedy via drain

valves DV1 and DV2 and switching valves SWV3 and SWV4. 1In the
first and second chambers 13 and 14, a nozzle unit 21 having a
plurality of nozzles 20 for spraying cooling water to the rear
faces of the core die 2 and cavity die 3 is disposed respectively,
and both of the nozzle units 21 are connected to a cooling water
supply pipe 22 via cooling water valves CV1 and CV2.

In the molded foaming apparatus 1, first openings 30 are
formed instead of conventional vent holes, and connecting passages
for connecting the first openings 30 tp external utility pipes
15 ~ 18 respectively are formed, so as to supply or exhaust such
utility fluid as steam and compressed air from the first openings
30 to the cavity 4 independently from the chambers 13 and 14 by
operating the utility values SV3 ~ 8V6, drain valves DV3 and DV4,
and switching valves SWVl ~ SWv4.

The position for forming the first openings 30 can basically
be classified into three types: forming at or near the joint of
the core die 2 and the cavity die 3, forming near a portion of
accessory parts, such as a filling unit 23 and an ejector pin 24,

exposed to the cavity 4, and a combination of the above two types.
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be saved. BRI EF- DESCRI PTI ON OF THE DRAW NGS Fig. 1is a general
structural drawi ng of a die-expanded nvolded foam ng apparatus; Fig.
2.is all-11 cross-sectional view of Fig. 1; Fig. 3 is a general
structural drawing of a die-expanded nvolded foam ng apparatus having

anot her configuration; Fig. 4 is a general structural draw ng of a
di e-expanded nolded foam ng apparatus having another configuration;

Fig. 5is a V-V cross-sectional view of Fig. 4 Fig. *6 is a general
structural drawing of a die-expanded nolded foam ng apparatus having

anot her confi glimstothe type fbrming theaf peserademsings 3 alt draneag e a

di e-expanded nol ded foam ng apparatus havi ng anot her configuration;
20 joint of the Rpore 8lig 2 aeheathd caviky Wisd IImvavihdefexplained
di e-expanded nolded foam ng apparatus havi ng anot her configuration;
Fig. 9 isugingothkseedivpepgoficpkamphgsa net hod for die-
(1) In the first type die-expanded molded foaming apparatus
1, as shown in Fig. 1 and Fig. 2, the slit shaped first openings
30a and 30b opening to the cavity 4 are disposed Along the joint
portion of the core die 2 and the cavity die 3, and inter-die
passages 3la and 31b and internal pipes 32a and 32b are disposed
as connecting passages for connecting the first openings 30a and
30b and the external utility pipes 15 ~ 18, wherein no conventional
vent holes are formed in the core die 2 and the cavity die 3, so
that the cavity 4 is air-tightly isolated from both of the chambers
13 and 14 when the dies are closed, and at the same time, the first
openings 30a and 30b which lead to the external utility pipes 15
~ 18 are formed between the core die 2 and the cavity die 3. It
is most preferable to air-tightly isolate the cavity 4 from both
chambers 13 and 14 in this manner, but forming a small number of
conventional vent holes connecting the cavity 4 and both of thé
chambers 13 and 14 is also embraced in the present invention.
In accordance with the above configurétion, the above
mentioned preheating and exhausting process and fusion heating
process for the material beads 5 can be carried out in the following

procedure using these first openings 30a and 30b, rather than

conventional vent holes.
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expanded nol ded foam ng; Fig. 10 is a drawing depicting the surface
property . and internal fusion rate of a nolded foam product; and

Figs. 11 - 14 are drawings related to prior art, wherein Fig. 11 is a
general structural draw ng of a die-expanded nol ded foanming apparatus,
Fig. 12 is a longitudinal section of an area near a core vent, Fig. 13 1is
a plan view of core vents, and Fig. 14 is a draw ng depicting a nethod for
nol di ng a nol ded foam body. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Enbodi nents of the present invention will now be described wth reference
to the acconpahyithe drzehenfsing and ekxhdusgtirg prbdess, Prdswyrea inside

di e- expanded nol ded foam ng apparatus 1 conprises a core die 2 and a
cavity dithg, cavidy o eisa dbrectlyli sedticsgosky amshsiing eprhssuher amkads
filling neans for filling material beads 5 into a cavity 4, which is
formed byeXhaesEing fyam thenfixsli opesingy 3Qpr or| the Hirst wreninu 3oty

means for, reducin ressure inside the cavity 4, conpressed air suppl
means fort rﬁtﬁ"'ﬁg %ﬁrﬂ%‘&?&f’d}g isbinentba suBpUied 1y he A%A tehns
h

f heat i terial beads 5. filled in the cavity 4 b st eam and
eg:)angﬁnlgﬂgn qelfnﬁ‘;'ﬁ‘g%ﬁé'eﬁat QPfiaFnbEl&ﬁs‘?uﬁﬁﬂnclb%?Fh@g E’ﬁa‘é‘%lésﬁors?%!‘i% t he

mol ded fc?ﬂ@fﬁé“%%&perature is directly supplied from théK%irst opening
30a or the first opening 30b to the material beads 5 in the cavity
4.

In order to prevent clogging of the first openings 30a and
30b by the material beads 5, the width of the opening of the first
openings 30a ahd 30b at the cavity 4 side must be formed to be
the size of the outer diameter of a material bead 5 to be filled,
which is 1 ~ 10mm¢, or less, and in order to finish the molded
foam body nicely without flashes and burrs, the width of the
opening should be as small as possible, but if the width of the
opening is too small, the passing resistance of the utility fluid
increases . SO consequently 0.1 ~ 0.5mm is suitable for the opening
width.

In the present invention, it is suitable to dispose the first
openings 30a and 30b at the joint of the core die 2 and the cavity
die 3 along the base portion of the concave part. In this case,
the slit shaped first openings 30a and 30b come to the convex ridge
line part at the peripheral of the molded foam body, so appearance

is not affected even if small flashes remain.



As a raw material of the material beads 5, a raw material having.
characteristics suitable for e.g. the working conditions of the nol ded
f oam product to be manufactured is selected, where polystyrene synthetic
resin material, polyolefine synthetic resin nmaterials, such as
pol yet hyl ene and -pol ypropyl ene, and a copolyner of these synthetic resin
mat eri als can be used. The expansion ratio of the material beads 5 is
preferably in a range of 3 - 150 tines, although this depends on the raw
material of the material beads 5. Concretely, in the case of the nmaterial
beads nmade of Pat \titeyiaternglt pépes 32aiandB2er,i asing cepféd pipes witdr e
preferably 3 - 80 tines, is suitable, and in the case of the materi al
beads madk oflpung olefapprepniateic resin material, 3 - 90 tines, nore
preferably 3 ~ 60 tines, is suitable. For particle size, 1 ~ 10 nm nore
preferably a Xi19- Bnphovs twe| sebsecofMapRRPELiDgadgssBdESsSaf thaity disef iane
synthetic resin material, in particular, arengéefqrable in terns of
i mpr ovi ng?in91¢ CRPNECEHIAS Passegq fURTHsSeGRinthe figst ppepings3Qaf tthend
has high gas perneability, which nmakes it puch easier to change the _ shape
of parti HELTAIF RaSaresI3 12208 tHRHNEPTRA WA dfe. AnyheRether sidgte
mat eri al havi ng the sane_expansion rafio Jhe core die 2 d the
cavity diceo@ea[%'éuf%ngt?tnggl f%ﬁ?ﬁfg‘% of , the ofiFRY f?%ﬂ%g3§8f ré:ﬁ’t? 10
and a bac_{i-PEégE-ddj?% Q_@g fo %i.r rq%‘_ng 1 n co :ﬁgber
14 are formed on ﬁ’g r@%r §§|Bd% éfﬁf én?&e | eagﬁﬁfg%&%ﬁ% %%&%rél‘
respecti fivention is not restricted by this aspect, and three or more sets,

or a single set can be used according to the shape and size of

the molded foam body to be obtained.

When a plurality of the first openings 30 are formed, a pair
of the first openings 30a and 30b, for example, it is preferable
to dispose the openings opposite each other at the joint of the
dies 2 and 3 located on the opposite sides at both opposing ends
of the cavity 4. The length of the first openings 30a and 30b
is not especially restricted, but this configuration is preferable
because the utility fluid, such as steam, can be supplied from
one of the first openings to the other first opening via the cavity
4, and particularly, operation for substituting air among the
material beads 5 filled in the cavity 4 with steam, or operation
for heating the material beads 5, can be carried out quickly.

The advantages of the first type are summarized as follows.

(1) Since a large number of core vent attachment holes, such
as a conventional type, do not have to be formed in the dies 2

and 3, strength does not drop, the 8 ~ 12mm wall thickness of a
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22 The first chanber 13 and the second chanber 14 are
connected to a steam supply pipe 15 and an air supply pipe 16 respectively
‘'via utility valves SV1 and SV2 and sw tching val ves SW1 and SW2, and at
the sanme time, are connected to a drain pipe 17 and a pressure reducing
pipe 18 with a vacuum punp 19 respectively via drain valves DVl and DV2
and switching valves SW3 and SW/4. In the first and second chanbers 13
and 14, a nozzle unit 21 having a plurality of nozzles 20 for spraying
cooling water to the rear faces of the core die 2 and cavity die 3 is

di sposed cespestiopa) alwmichiwbilloly dhe caawr beadertéassed tar a £ongmatwllli o a
cooling water supply pipe 22 via cooling water valves CVl and CV2.

| n t he nothiecknessi ngnsbpasataisreésullts sthepenicapsici®yardecteases, i esatad of
conventional vent hol es, and connecting passages for connecting the first
openi ngs 8bfieiencyr far heating/siqedsing) s5impugvessptenpesayunee dartmal, so
as to supply or exhaust such wutility fluid as steam and conpressed air
from t he #F¥eracheHIPERVesp 2pdimaterial ycasthgapehtcAeryeasest he chanbers

in he utility values SV3 - SV6, drain val ves DV3 and
é34and 14 by Pf?régﬁcg érfiling of/core vent attachment holes and core

vent attachment operations are unnecessary, processing cost can
be considerably decreased, and manufacturing cost for the dies
2 and 3 can be decreased.

(3) Since a heating failure, mold releasing failure and
cooling failure caused by clogging do not occur, such maintenance
operations as replacing core vents or periodic cleaning by high
pressure cleaning water is completely unnecessary.

(4) Since traces of core vents and vent holes do nqt remain
on the surface of the product, appearance quality improves and
problems with sufface printing and seal labeling processes are
solved.

(5) Since cooling water used in the cooling process does not
enter the cavity, moisture content in the molded foam product
decreases from the conventional 6 ~ 10% to 0.5 ~ 4%, which makes
a drying process unnecessary, and largely contributes to
decreasing cycle time.

(6) The biggest advanté.ge of the present invention is that
the utility operation, which could not be implemented with
conventional dies, is possible. For such a utility fluid as steam

to act on the material beads 5, conventionally the utility fluid
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and switching val ves SW1 - SW/4. The position for formng the first
openi ngs. 30 can basically be classified into three types: formng at or
near the joint of the core die 2 and the cavity die 3, form ng near a
portij-on of accessory parts, such as a filling unit 23 and an ejector pin
24, exposed to the cavity 4, and a conbi nation of the above two types.
. 23 First the type formng the first openings 30 at or
near the joint of the core die 2 and the cavity die 3 will be explained
using three types of exanpl es. (1) I'n the first type di e-expanded
nmol ded f oswppliedpbren the otiddtyhpipesmdt pn bnendfFthe Ghambers| ithehaped
first openings 30a and 30b opening to the cavity 4 are disposed along the
joint poR€topnotheheaterdadi beadanwiahgheaveny #iodes, ainbrenserinlithis
passages 3la and 31b and internal pipes 32a and 32b are disposed as
connect i niPYRREHGRs Whnre yitdddtivnpasaages fer dfhenicayd ty04 are sgwraletl t he
external utility, é es 15 - 18, wherein_no conventional vent holes are
greph

formed i PR} endent, Frofthe ghabers 13 and 14y suchptidityflmnid

ir-ti ' h hanber s
arr tlghtég ﬁggggﬁggziﬁgnéggfhs éaé,epgessure reducing air and cooling

water, directly act in the cavity 4 via the first openings 30a
and 30b, therefore the flexibility of the utility operation
expands.

When pressure in the cavity 4 is to be decreased, for example,
pressure of both chambers must be reduced as well in the case of
conventional dies, but in accordance with the present invention,
it is possible to carry out the pressure reducing operation only
for the cavity 4, which capacity is 1/10 that of the chamber.
Since.response is quicker than a conventional type, operability
is considerably improved.

Since the chambers 13 and 14 are constituted in a space
independent from the cavity 4, and heating conditions for each
space can be adjusted independently, the temperature of the set
of the dies 2 and 3 can be adjusted independently for each die
by steam to be supplied to the two chambers 13 and 14 so as to
adjust the surface property of the molded foam product contacting
the dies 2 and 3, and the material beads filled in the cavity 4
are heated, expanded and fused by steam to be supplied to the cavity
4, so as to adjust the fusion rate of the material beads 5

independently from the surface property. This makes it possible
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13 and 14 when the dies are closed, and at the sane tine, the first

openi ngs. 30a and 30b which lead to the external utility pipes 15 - 18 are
formed between the core die 2 and the cavity die 3. It is nost preferable
to aisr-tightly isolate the cavity 4 fromboth chanbers 13 and 14 in this
manner, but formng a small nunber of conventional vent hol es connecting
the cavity 4 and both of the chanbers 13 and 14 is al so enbraced in the
present invention. In accordance with the above configuration, the
above nentioned preheating and exhausting process and fusion heating
process fbo mdmifiatmrenhnobded fdancpnofiactarwittdadkgau i fink shriflace wigile
procedure using these first openings 30a and 30b, rather than conventi onal
vent hol ekeeping the internal fusion rate of the mpadded foam product low| n

the preheating and exhausting process, pressure inside the cavity 4 is
di rect | y Feddeegesger &hgeici§ler dsime ofarmoleingusantgasr émuefikyr shoth
opening 30a or the first _opening 30b, then steamfor preheating is

di rectiy BEQPPFEYViIEY ARAcaomneTgial hvakessaB RendBplemedtef -t he fusion

heating proces?z)ste?ﬂ1a%he second type die-expanded molded foaming

apparatus 1A, as connecting passages connecting the slit shaped
first openings 30a and 30b to the external utility pipes 15 ~ 18,
inter-die passages 33a and 33b are formed along the joint portion
of the dies 2 and 3 from the cavity 4 side to the outside, and
inter-die spaces 34a and 34b are formed surroﬁnded by the joint
portion of the frames 10 when the dies are closed, as shown in
Fig. 3. Since the other structure is the same as the die-expanded
molded foaming apparatus 1, identical parts are denoted by the
same reference characters for which a detailed description is
omitted.

In the die-expanded molded foam apparatus 1A, conventional
vent holes are not formed in the dies 2 and 3, and when the dies
are closed, the cavity 4 is formed air-tightly isolated from both
chambers 13 and 14, and the first openings 30a and 30b and the
connecting passages for connecting these first openings 30a and
30b to the utility pipes 15 ~ 18, that is, inter-die passages 33a
and 33b and inter-die spaces 34a and 34b, are formed along the
_joint of both dies 2 and 3 and the frame from the cavity 4 side
to the outside, in a mode which is different from the first type

die-expanded molded foaming apparatus 1.

29



fusing tenperature is directly supplied fromthe first opening 30a or the
first opening 30b to the material beads 5 in the cavity 4. I n order
to prevent clogging of the first openings 30a and 30b by the materi al
beads 5, the width of the opening of the first openings 30a and 30b at the
cavity 4 side nust be forned to be the size of the outer dianeter of a
material bead 5 to be filled, whichis 1 - IO, or less, and in order to
finish the nolded foam body nicely w thout flashes and burrs, the w dth of
the opening should be as small as possible, but if the width of the

openi ng i s toolsneatd¢ordamceasitimghecnotdadcfoanindappaddtius flAuslown in

I ncreases, so consequently 0.1 - 0.5mmis suitable for the opening w dth.
In the prEignt3inthatubblity fiuidicaml ke tepeifaped aduting imstdimpenjusis 30a
and 30b at the joint of the core die 2 and the cavity die 3 along the base
portion olikﬁeﬂje%rﬁiair@ifmndeq molidesl £eeming ppperatushipethéreforemddi ngs
30a and 30b cone to the convex ridge |line part at the peripheral of the

nol ded f okie Py e Bentiored advantagesoet (b} etk bdaseanlsq avadlabledsane

in. 25
remain and in addition, independent internal pipes 32a and 32b, which

would require piping working at manufacturing, are unnecessary,
therefore manufacturing cost of the molded foaming apparatus is
decreased and maintenance is also unnecessary.

(3) In the third type die-expanded molded foaming apparatus
1B, as shown in Fig. 4 and Fig. 5, the first openings 30c and 30d
opening to the cavity 4 are formed in the core die 2 near the joint
of the core die 2 and the cavity die 3, connecting spaces 39a and
39b made of the passage formation element 38 fixed inside the core
die so as to surround the first openings 30c and 304 and the
internal pipes 40a and 40b for connecting the connecting spaces
39a and 39b to the external utility pipes 15 ~ 18 are disposed,
as connecting passages for connecting the first openings 30c and
304 td the external utility pipes 15 ~ 18, so that the utility
fluid can be supplied or exhausted independently to the first
openings 30c and 304 via the connecting spaces 39a and 39b and
the internal pipes 40a and 40b. Since the 6ther structure is the
same as the die-expanded molded foaming apparatus 1, identical
parts are denoted by the same reference characters for which a

detailed description is omitted.
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For the internal pipes 32a and 32b, using copper pipes with 4 - 15mierr]
I S appropriate. Fig. 1 shows two sets of connecting passages, that
is, a single connecting passage conprised of the first opening 30a, the

i nter-di e passage 31la and the internal pipe 32a, and another single
connecting passage conprised of the first opening 30b, the inter-die
passage 31b and the internal pipe 32b, but the present invention is not
restricted by this aspect, and three or nore sets, or a single set can be
used according to the shape and size of the nol ded foam body to be

obt ai ned. InWhahea plik-adxpandddt hmolldeat umiigs 38ppatatasnedB A
pair of the first openings 30a and 30b, for exanple, it is preferable to
di spose tbenverbionaloppnti thelesc hfat heonnécthagj dhet cdvite 4daad Xiend 3
| ocated on the opposite sides at both opposing ends of the cavity 4. The

| engt h of chambeérssi2 opehiiyard0acindo3ed in bhbe diesc? aandg 3 estnd ottexly but
this configuration is preferable because the utility fluid, such as steam
can be supheidipy @giq cdpseds the Favity dpds figsmed ahe iohtly iisalagmdhi ng
via the cavity 4, and particularly, operation for substituting air anong
the i cFFaM Henrhanigy df A Ad.cabf the RAERt QRARINGS Msorand GHPA f or

heating the terial beads 5, can be _carried out quickly. . The
advant age@adfthe CHMAGT 1, Bagsades faF| Sepnasting| these first opendngs. o

o oe, "W i S ctle RS ROl T 3D enBR e SRS e
8 - 12n’mg@£ée§ hjﬂﬁﬁﬁ%% hd the internal pipes 40a and 40b, are formed
in a mode different from the above two cases.

For the first openings 30c and 304, through holes or slits
may be formed directly in the core die 2, but in this case, the
inner surface may be worn out by the passing steam, so it is
preferable to form core vent attachment holes corresponding to
the first openings 30c and 304 and to attach removable core vents
just like a conventional molded foaming apparatus.

In accordance with the molded foaming apparatus 1B shown in
Fig. 4 and Fig. 5, the utility £luid can be operated duringmolding,
just like the die-expanded molded foaming apparatus 1, therefore
the above mentioned advantages, (5) and (6), are also available
here. Since the core vents for connecting the cavity 4 and the
connecting spaces 39a and 39b are formed, the above mentioned
advantages, (1) ~ (4), are not available, but the number of the
core vents can be much less because the core vents are not formed
uniformly on the entire surface of the dies as conventional types.

Also the abrasion of the first openings 30c and 30d by steam can
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26 conventional alum numalloy die can be decreased to a 4 -

8mmwal |, thickness, and as a result, heat capacity decreases, heat
efficiency for heating/cooling inproves, tenperature control accuracy
i mproves, and material cost can be decreased. (2) Since drilling of

core vent attachnment holes and core vent attachnent operations are
unnecessary, processing cost can be considerably decreased, and

manuf acturing cost for-the dies 2 and 3 can be decreased. (3) Since
a heating failure, nold releasing failure and cooling failure caused by

cl oggi ng ke edsily preveadeld, ehhchreakes desergrt monse practépcadi.ngInorkeisent s
or periodic cleaning by high pressure cleaning water is conpletely
unnecessatjird type (mgl@&dckoaning apgaratws VEhtas arelllentt hicd axo skl inbe

remain on the surface of the product, appearance quality inproves and
probl ems % fieuip4eE-FiensPageahetsaan rtgl@eﬁpiagtﬁr%ég@eéeﬂ:ean@cﬂi@dt
(5) Since_cooling water used in the cooling process does not enter the
cavity, nbrates erchzorﬂ‘%ﬁﬁ ke Hhasiefard darpmaidad fRaHag PR Yhe
convent! ol Suie 1958 FaPaihit fplnal §1a TBKESa,8, 0y na process

In the case shown in Fig. 4, the first open_ings 30c and 304
are formed at the core die 2 side, but_ if the inner surface side
(core die 2 side) of the molded foam product is exposed to the
outside, it is preferable to form the first openings 30c and 304
at the cavity die 3 side in terms of improving the beauty of the
molded foam product.

Now the case when the first openings 30 are formed near the
accessory parts, such as the filling unit 23 and the ejector pin
24, will be explained.

When the first openings 30 are formed near the accessory parts,
as shown in Fig. 1, Fig. 3 and Fig. 4, outer elements 41 having
roughly a cylindrical shape are fixed at positions which
correspond to the filling unit 23 and the ejector pin 24 of the
cavity die 3, the filling unit 23 and the ejector pin 24 are
inserted and set in the outer elements 41, the connecting passages
42 and 43 for independently connecting to the utility pipes 15
~ 18 are formed among the f£illing unit 23, the ejector pin 24 and
the outer elements 41, the first openings 30e and 30f opening to

the cavity 4 are formed at the tip of the connecting passages 42

and 43 respectively, and the utility pipes 15 ~ 18 are connected
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decreasing cycle tinme. (6) The bi ggest advantage of the present
Invention is that the utility operation, which could not be inplenented
wi.th conventional dies, is possible. For such a utility fluid as steam to
act on the material beads 5, conventionally the utility fluid

27 supplied fromthe utility pipes act on one of the chanbers,
then act on the material beads via the vent holes, whereas in this

i nvention, where utility passages for the cavity 4 are separated and are

i ndependent fromthe chanbers 13 and 14, such utility fluid as

pressuri zZioghe rgomstersning pessage st dduandg43i vianthe aotihijty wedleres dvsect | y
act in the cavity 4 via the first openings 30a and 30b, therefore the

f1 exi bi | iand dVa he@s itoysupplunt reguisggantieam and pagssuptzbegraiy mn he
cavity 4 is to be decreased, for exanple, pressure of both chanbers nust
be reduceP SATHA P‘Jitnthﬁemé%t%@m reélﬂﬁﬂé?ﬁ iolpedatdioss, Jyst likeckre wasse
with the present invention, possible to carry out the pressure
reduci ng VperBf i ?PP‘b‘T’II'?emF’b?n?qllef:b%%t?lpﬁnl%$c?l°€a‘pa§9@y is 1/10 that of

: r nse,is quicker thap a conventional 't
E)Bgrgg?r})te; P eJ.s eg ge, the object of the present 1nvent1¥) can be

achieved by disposing the first openings 30e and 30f alone without
disposing the first openings 30a ~ 304, but it is preferable to
dispose the first openings 30a ~ 30d as well.

It is also preferable to dispose the first openings 30e aﬁd
30f near the tip of the filling unit 23 and the ejector pin 24
along with the above described first openings 30a ~ 304, as shown
in Fig. 1, Fig. 3 and Fig. 4, and form independent passages
connecting the respective first openings 30 to the external
utility pipes 15 ~ 18. In this case, the first opening 30 which
can supply utility fluid is disposed to at least three locations,
which is at both opposing ends of the cavity 4 and at the center
part of the cavity 4, therefore utility fluid can be supplied as
the demanded quality and the flexibility of control operation
expands, such as to supply and stop utility fluid, and as a
consequence, an optimum_utility operation is carried out according
to the type and shape of the molded foam body.

In the case shown in Fig. 1, Fig. 3 and Fig. 4, the first
openings 30e and 30f are disposed near the tip of .the filling unit
23 and the ejector pin 24, but the present invention is not

restricted by this mode, and it is also possible to use other
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i s considerably inproved. Since the chanbers 13 and 14 are
constituted in a space independent fromthe cavity 4, and heating
conditions for each space can be adjusted i ndependently, the tenperature
of the set of the dies 2 and 3 can be adjusted independently for each die
by steamto be supplied to the two chanbers 13 and 14 so as to adjust the
surface property of the nolded foam product contacting the dies 2 and 3,
and the material beads filled in the cavity 4 are heated, expanded and
fused by steamto be supplied to the cavity 4, so as to adjust the fusion
rate of taecesseryapbabtadwhichiadepattiachabler dm the §deBacsthnaatgha1his

makes it possible

manuf act upeokbnde Wateam ptpRIufdd tdngh a béa@ﬂﬂgnaSUﬁmﬁﬁmvm$I@unﬁiaﬂém
the internal fusion rate of the nolded foam product |ow to decrease the
cycl e tingnbEorml iﬁllh’@toa"i‘mhla%h% 'ﬁ‘%‘é‘iﬂ‘%aldéﬂ S p? ok cihe/igav il corferdd al
val ue can be |gglene In the second type die-expanded

mol ded f JHMIRG %ﬁ’ﬁ’ér’% GQrTAth%é’WI}%QaEé?Q&&e%Z ithédioneside the ¢

shaped ffzr.filn emﬂg523 g.%daglqe?’g:?eé o:t:hf4 ’ext_;[ne({ I?)%le g’g:_l {)OEM g)’:‘ pt Y 5:I.I.‘-St18
openings 30e and 30f can be omitted, where the first openings 30e
and 30f are formed appropriately according to e.g. the Shape of
the molded foam product to be molded. The first openings 30a ~
304 may be formed as dedicated openings for exhausting steam
supplied from the first openings 30e and 30f to the cavity 4. In
Fig. 1, Fig. 3 and Fig. 4, the filling unit 23 and the ejector
pin 24 are formed at the cavity die 3 side, but if the outer surface
side (cavity die 3 side) of the molded foam product is exposed
to the outside, it is preferable to dispose the filling unit 23
and the ejector pin 24 at the core die 2 side in terms of improving
the beauty of the molded foam product.

In addition to the above mentibned first openings 30, it is
preferable to form the second openings 50 in a portion of the dies
2 and 3 where the flow of the utility fluid becomes non-uniform
in the cavity 4, and the connecting passages for connecting the
second openings 50 and the external utility pipes 15 ~ 18 are
disposed so as to supply or exhaust the utility fluid.

Portions where the flow of the utility fluid become non-
uniform are, for example, the inner parts of concéve areas 51 and

52 when the concave areas 51 and 52 are formed in the dies 2 and
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Inter-di e passages 33a and 33b are forned along the joint portion of the
dies 2 and 3 fromthe cavity 4 side to the outside, and inter-die spaces
34a and 34b are forned surrounded by the joint portion of the frames 10
when .the dies are closed, as shown in Fig. 3. Since the other structure is
the sane as the die-expanded nolded foam ng apparatus 1, identical parts
are denoted by the sane reference characters for which a detailed
description is omtted. In the die-expanded nol ded foam appar at us
1A, conventional vent holes are not forned in the dies 2 and 3, and when
the di es 3aras chowedintiig cavi-tFid. is, andreHeaténter Pdntiicapb&t €he fdsg bot h
chanbers 13 and 14, and the first openings 30a and 30b and the connecting
passages 2oandohnexs ishpwrhdse Fiiigr.s8, opati hherdOmagnbe Gtiet mdétieians lagy
pipes 15 - 18, that is, inter-die passages 33a and 33b and inter-die
spaces 34¥ebhd 34b, are forned along the joint of both dies 2 and 3 and
the frame fromthe cavity 4'side to the outside, in a npbde which is

di fferent fronTR@esecead tgpanings.- 8Qpsadtedbaobedats oshvarrd appmidays tio

29 In accordance with the nol ded foam ng apparatus 1A
shown i n conventional core vents or slit shaped having some length, but

in either case,- the width of the opening at the cavity 4 side must
be the outer diarheter size or less of amaterial bead 5 tobe £illed,
so that the opening is not clogged by the material bead 5.

(1) When the second openings 50 are formed in the concave
portions 51 and 52, the second openings 50a and 50b opening to
the inner parts of the concave areas 51 and 52 are formed, as shown
in the die-expanded molded foaming apparatus 1C in Fig. 6, where
the second opening 50a is connected to the internal pipe 32a via
the internal pipe 53, and the second opening 50b is connected to
the independent internal pipe 54 and to the utility pipes 15 ~
18 via the utility valve SV7. The second openings 50a and 50b
may be connected to the utility pipes 15 ~ 18 via the internal
pipes 32a and 32b, or may be directly connected to the utility
pipes 15 ~ 18.

Since the second openings 50a and 50b independently connected
to the external utility pipes 15 ~ 18 are formed in the inner parts
of the concave areas 51 and 52 where the flow of the utility fluid
become non-uniform, suchutility operations as the supply of steam,
supply of compressed air, and exhaust for vacuuming the cavity

4, or the adjustment of pressure in the cavity 4 and discharge
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Fig. 3, the utility fluid can be operated during nolding, just like the

di e- expanded nol ded foam ng apparatus 1, theref ore all the above

nmenti oned advantages, (1) - (6), are also available here, and in addition,
i ndependent internal pipes 32a and 32b, which would require piping working
at manufacturing, are unnecessary, therefore manufacturing cost of the

nol ded foam ng apparatus is decreased and mai ntenance is al so unnecessary.
(3) Inthe third type di e-expanded nol ded foam ng apparatus 1B, as shown
in Fig. 4 and Fig. 5, the first openings 30c and 30d opening to the cavity
4 are foroledraining doom dhe gandiy dhecanibe cafriéd ol dnflependentlhe
cavity die 3, connecting spaces 39a and 39b made of the passage fornmation
el enent 36L3 ithedseaendorerings &0ajandsiPlyaqcerdindg tadthe caguigsiemandni ngs
30c and 30d and the _internal pipes 40a and_ 40b for connecting the

connect i niPSpatike the SAgesoRL: dhenahsierfbrstt pPeringspdfalgnd Bdbyr e

di sposed,. . as connecting passages .for connecting the first openings 30c and
300 to t HPERTATRIAR PEPCRHRERLTY of 1he S Y Fule PRRIBE SALYeE-can
be supplied or.exhausted independent]ly to th i rst. openi ngs 30c _and 30d
Via the conneckt RGCSTaaRceI0EE T et matdad o iis srpe-psion
Since th t u ' | ezexp | d f ) Ng
appar at uS T, T cRe EphESabPatifn STHEFTS bHBWR, “LEATOLTEMIRG Ml O

‘;gr Wi Chh&romebdkke B 14688 n P ther 1 Ss P ¥pehifigs 30a and 30b and the second
openings 50a and 50b, instead of the conventional vent holes, in
the molded foaming method where the above mentioned pre-expanded
material beads 5 are filled in the cavity 4, pressure is reduced
and exhausted, the beads are heated, expanded, and fused by the
heating steam, then cooled down and solidified, and are taken out
as a molded foam body made of the predetermined expandable
synthetic resin.

For example, at exhausting with reducing pressure, after
pressure inside the cavity 4 is directly reduced by exhausting
with reducing pressure from one or both of the first openings 30a
and 30b, and steam for preheating is then directly supplied in
the same manner, and at this time, if necessary, non-uniformity
of the utility fluid in the concave areas 51 and 52 can be solved
by using the second openings 50a and 50b.

For heating and fusing, steam at fusing temperature can be
directly supplied to the material beads 5 in the chamber 4 from
one or both of the first openings 30a and 30b in the same manner,

and steam is supplied to the concave areas 51 and 52 using the
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Ih the die-expanded nolded foamng apparatus 1B, conventional vent
hol es for connecting the cavity 4 and the chanbers 12 and 13 are not
formed in the dies 2 and 3, and when the dies are closed, the cavity 4 is
fornmed air tightly isolated fromthe chanbers 12 and 13, and the first
openi ngs 30c and 30d and the connecting passages for connecting these
first openings 30c and 30d to the utility pipes 15 - 18, that is, the
connecting spaces 39a and 39b and the internal pipes 40a and 40b, are
formed in a node different fromthe above two cases. For the first

openi ngs Sésornd bpiting5Ow0anAcsep Di tHe tsamdTmanber sonad €h et \the t he
core die 2, but in this case, the inner surface nay be worn out by the
passi hg shextd o wheres hejatetanabt cecdsi Iy rmeach merelly byt stddam firdmw lthe
corresponding to the first openings 30c and 30d and to attach renovabl e
core ventSirgusipanings 3denasdt BObal Iwltdds fcame . ndgtapparetdess to sayn
accordance with the nol ded foam ng apparatus 1B shown in Fig. 4 and Fig.
5, the utthatyakl of ¢besbd anpdriteandbei hgaweAdfrgm thesreprkfackes by

di e- expanded nol ded foam ng apparatus 1, therefore the above nentioned
advant ageRUPRE¥1ing, jthe) regudrefds 5tepd 4w ther chambers the avfleléedds for
connecting the cavity 4 and the connecting spaces 39a and 39b are forned,
t he ab@wﬁgﬁﬁﬁ Yred advantages, (1) - (4), are not available, but the :

number of the When the second openings 50a and 50b are formed in the molded
foaming apparatus 1A shown in Fig. 3, the internal pipes 55 for
connecting the second openings 50a and 50b and the inter-die spaces
34a are disposed as shown in the die-expanded molded foaming
apparatus 1D in Fig. 7, for example. In this case, at least one
of the internal pipes 55 may be connected to the utility pipes
15 ~ 18 independently via the utility valve, not illustrated here.

In accordance with this embodiment, in addition to the above
mentioned advantages, molding operation time can be decreased
because at heating 6r cooling for molding, the inter-die passages
33a and 33b, which are parts' of the dies 2 and 3 where heat capacity
is relatively large, and the peripheral area of the inter-die
spaces 34a and 34b, can be heated or cooled efficiently.

(2) In order to prevent a non-uniform flow of the utility
fluid at the center part of the dies 2 and 3, the second openings
50c are formed in the part where flow becomes non-uniform, so as
to connect to the inter-die spaces via the internal pipe 56, or

to connect to the internal pipes 32a and 32b, or to connect to
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core vents can be nuch | ess because the core vents are not forned
uniformy on the entire surface of the dies as conventional types. Also
the abrasion of the first openings 30c and 30d by steam can

31 be easily prevented, which nakes design nore practical. In
this® third type nolded foaning apparatus 1B as well, it is possible to
forminter-die spaces between the joints of the left and right franmes 10,
just like the second type nol ded foam ng apparatus, omtting the internal
pi pes 32a and 32b. In the case shown in Fig. 4, the first openings
30c and 3the whility pdgest 16he Iovdadthe 1] bty Matlvies t las shown furflece
side (core die 2 side) of the nolded foam product is exposed to the

out si de, dierexpardednoided formingecapparatupehFngbBoBdcinnBigod8.at the
cavity die 3 side in ternms of inproving the beauty of the nolded foam
product . A e THEL T BAREof Harg utddidyefiingd 1o aRtetpp@ear van ¢ he

accessory parts, such as the filling unit 23 and the ejector pin, 24, wll
be expl ai Hag. sPace Rglyeehetpp, s"tpegﬂé'fﬂ%géos(?“% e>fo fapplyfBg or

accessor ye!?ﬁé&ssting the utility fluid becomes 100mm or more, so when a pair
of the first openings 30a and 30b are disposed at the opposing
positions of the peripheral area, sandwiching the cavity 4, and
the space between the first openings 30a and 30b is 100mm or more,
as shown in Fig. 2, the second opening 50c may be formed at the
_intefmediate position of the first openings 30a and 30b, as shown
in Fig. 8. It is also preferable to form the second openings 50
such that the distance between the first opening 30 and the second
opening 50 and the distance between the second openings 50 become
100mm or less.

In accordance with this die-expanded molded foaming
apparatus 1E, where a pair of the first openings 30a and 30b are
formed opposite each other, sandwiching the cavity 4, utility
operation to supply.Such a utility fluid as steam from one of the
first openings to the other first opening'through the cavity, can
be adopted, and particularly, operation for substituting air among
the material beads 5 filled in the cavity 4 with steam and the
operation for heating the material beads 5 quickly become
possible. |

Also the required number of second openings 50 are formed

at a maximum of 100mm spacing, which helps make the flow of the
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e 7

as showmn in Fig. 1, Fig. 3 and Fig. 4, outer elenents 41 having roughly a
cylindrical shape are fixed at positions which correspond to the filling
upit 23 and the ejector pin 24 of the cavity die 3, the filling unit 23
and the ejector pin 24 are inserted and set in the outer elenents 41, the
connecting passages 42 and 43 for independently connecting to the utility
pipes 15 - 18 are forned anong the filling unit 23, the ejector pin 24 and
the outer elenents 41, the first openings 30e and 30f opening to the
cavity 4 are fornmed at the tip of the connecting passages 42 and 43

respecti vietyliend fllag@dUtsrodth pi peeveéntinyS &l euneneactflbw and uneven

32 to the connecting passages 42 and 43 via the utility val ves
SV5 and ®/bociby asf ttheupplliteEliuibd ¢ deen generaitsd uin Aty cavity 410
carry out the pressure reducing operation, just |like the case of the above
ment i onedA$ i a stongEEnienye 3@ven 3ddthe flat| porkieoncatethe heewberotf dfhe he
present invention can be achieved by disposing the first openings 30e and
30f al onecayitvhias g shape wWithe hightlenakh fgicdoress ImEibuR0i orimpre
preferable to dispose the first openings 30a - 30d as well. . It is

al so pref EPRHFAIRLY GRS h g TunlfgiEnt g abLoaping non-uniformity

in the flat portion at the center can be controlled.

Now a method for die-expanded molded foaming of a molded foam
product using the above molded foaming apparatus 1 shown in Fig.
9 will be explained. In the following description, the material
beads are made of polystyrene unless otherwise specified, but the
present invention can be applied just as well even if material
beads made of polyolefine synthetic resin material are used. For
the molded foaming apparatuses 1A ~ 1E, the method for molding
is basically the same, so only the differences from the case of
using the molded foaming apparatus 1 will be described.

Fig. 9 shows the processes of the method for molded foaming
of the present invention comparing with a conventional process
shown at the left. The method for molded foaming of the present
invention is carried out in the sequence of 1) die closing, 2)
filling, 3) internal heating, 4) fuéion heating, 5) cooling, 6)
opening and releasing, and 7) after process, such as printing.

The content of each process will be explained below.

(1) Die closing process

The core die 2 and the cavity die 3 are closed. This forms

the cavity 4 between the core die 2 and the cavity die 3, which
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30f near the tip of the filling unit 23 and the ejector pin 24 along with

t he above described first openings 30a - 30d, as showmm in Fig. 1, Fig. 3
and Fig.-4, and formindependent passages connecting the respective first
openings 30 to the external utility pipes 15 - 18. In this case, the first
opening 30 which can supply utility fluid is disposed to at |east three

| ocations, which is at both opposing ends of the cavity 4 and at the
center part of the cavity 4, therefore utility fluid can be supplied as

t he demanded qual i and the flexibility of control 8erat|on expands,

such as t¥s ?ﬂ-ﬁpF&*ng%leJE%lQﬁ¢¢ iEPmy FBFth%H‘RF%% 13 apdrdeqaddckhe afri-liﬁd? i mum

utility eration_is carried out accordin to the type and shape aof_ the
ol ded { GRABIRGS 30 CORnGGELRG tn?aE’ée StiddthpEpgs 1o By ko FaSmaiaed e

(A" CPEARARs S R s A9 ERaBEA cL e Ao Slad b A
ggl ° mdeareanpofﬁé%%esso@ %@étség#/\ﬁl cﬁf;r%g’ea?? EhanPEY% 3t ﬁlgddit@sﬁ St as
the = cool dfigh 1d£ 30U Rad 3o B%e coffieb?8d 28 SLEARLPiEYAPILES 15 ~ 18
via the connection passages, that is, the inter-die passages 3la
and 31b and the internal pipes 32a and 32b.
(2) Filling process
In the filling process, pressure in the cavity 4 is maintained
to a minus pressure with respect to the pressure in the material
tank, which is not illustrated, and the material beads in the
material tank are supplied from the filling unit 23 to the cavity
4 and are filled in the cavity 4 by the differential pressure
between the material tank and the cavity 4 using a part or all
of the first openings 30.
Concretely, the material beads are supplied to the cavity
while maintaining the. pressure 1in the material tank at a
predetermined pressure which is at the atmospheric pressure or
higher, more preferably a predetermined atmospheric pressure in
a~>5.0 kg/cﬁl2 range, or even more preferably ina 0.1 ~ 5.0 kg/cm?
range, and maintaining the pressure in the cavity 4 at a
pressurized state which is at the atmospheric pressure or more
and less than 0.5 kg/cm® minus the pressure in the material tank.
The reason for maintaining the pressure in the material tank

at a predetermined atmospheric pressure in a ~ 5.0 kg/cm? range,



uniformy into all the material beads 5 in the cavity 4, it is wunnecessary
to formthe connecting passages 42 and 43 outside the filling unit 23 and
the ejector 24, and one or both of the first openings 30e and 30f can be
omtted, where the first openings 30e and 30f are forned appropriately
according to e.g. the shape of the nolded foam product to be nol ded. The
first openings 30a - 30d nay be fornmed as dedi cated openings for
exhausting steam supplied fromthe first openings 30e and 30f to the
cavity 4. In Fig. 1, Fig. 3 and Fig. 4, the filling unit 23 and the

ej ector pore Praferdmlyrdo at0t he- Gawi ky/dmé rangjede isbthat fthemahendal
surface side (cavity die 3 side) of the nolded foam product is exposed to
t he out sibeadstin dher chaiklyl &ntthis sange are €ompregsedi an@Tapagithds
ejector pin 24 at the core die 2 side in ternms of inproving the beauty of
t he nol dede¢veaspd Juan optimum diamptier deapgciiy Jaband inmheensitst
openings 30, it is preferable to formthe second openings 50 in a portion
of the diReconesmrntively (Hulformy i3 theePhapei POTFions. ke itide face
non-uniform [n the cavity 4, and the connecting passages for cqnnecting
the  SecoRRELHERF i SXPRrid (the BREEPHaPORELPPEyOD| G CAYLLY g WLFH s

di sposed sQ ?S tﬁ supply or exhaust the utility fluid. Portions where
the flow BFetHE2 {’?rity fluid becone non- uniformare, for exanple, the

| nner. parts Of?ﬁg@fa\ésgorgrtgﬁ§r%%t%r‘g a?felPERI0T SPOSANFe A EES ééaﬁ”c‘ihe&

are fornmed in
pressure in the material tank minus 0.5 kg/cm® while maintaining

the pressure in the cavity 4 at the atmospheric pressure or higher
is that in the pressure state outside this range, the flow velocity
of carrier air flow becomes excessive, and clogging of the material
beads occur in the cavity 4 or in a narrow portion of the filling
passage, which is not preferable.

The pressure inside the material tank may be set based on
the pressure in the cavity 4. Concretely, the pressure in the
cavity 4 is set at a predetermined pressure which is the
atmospheric pressure or higher, more preferably 0.1 ~ 5.0 kg/cm?,
and inside the tank is pressured in the range less than the pressure
in the cavity plus 0.5 kg/cm?, so as to f£ill the material beads
by the differential pressure.

Another preferable £filling method is supplying the material
beads to the cavity 4 with maintaining the pressure in the cavity
4 in a pressure reduced state from the étmospheric pressure to

an atmospheric pressure minus 1.0 kg/cm? range, while keeping the
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3, as shown in Fig. 6 - Fig. 8, and the center portion of the dies 2 and
3, as shown in Fig. 8, but there may be other portions as well. The
second openings 50 can be point shaped simlar to conventional core vents
or slit shaped having some length, but in either case, the width of the
opening at the cavity 4 side nust be the outer diameter size or less of a
material bead 5 to be filled, so that the opening is not clogged by the
mat eri al bead 5. (1) When the second openings 50 are formed in the
‘concave portions 51 and 52, the second openings 50a and 50b openi ng to
t he i nnerPFRFFUITRIin Hhe Ft@rdady danlks ing s stmosphedilee Pregsuifown 5t t he
di e- expanded npl ded foam ng apparatus 1Cin Fig. 6, where the second
openi ng 7% ¢8f¥cted to the internal pipe 32a via the internal pi ple
53, and the segond, opening.50b s, conpected to the independent, jnterna
bl be 54 and tdi REEILASS 1 PRLtETRIng e prasstng dn Yhv et & Fhe
second open| a s}gp may.be connected to the utility pi.pes 15 -
via the i%'?{er%aiﬁpepip%%% 2 ér?d@fo,a &osl?%V%g é’lrreég(ﬁq]i? Eshife § ¢ the
utility pjRge }Qn'elﬁﬁ'l X %éiﬁ‘ el & 658 %%@ﬂ@i@%&%&- dt%%ti? in
independeirﬁl y conngcte BRI eétern% u% 1Ty pipes - are t1ornmed
|n the ingeaddidsherdlc HheseRRRALes 25 985 i 2adqB2iunehsy he {4 Qua de
utility fluid béconme non-uniform such utility operations as the supply of
st eam maintain a negative pressure state during £filling for the material
beads which do not require compression and capacity reduction.
Since only the pressure in the cavity 4 is reduced, filling density
in the plane portions, the side face portions and even in the narrow
portions of the cavity 4 become uniform, which is preferable.

Such a filling method also has the following additional
advantages.

1) For filling, the supplied material beads flow from the
filling unit 23 located at about the center of the cavity 4 to
the direction of the first openings 30a and 30b disposed at the
side edge of the cavity 4, therefore f£illing unevenness does not
occur very much in the cavity 4 and the quality of products
stabilizes.

2) Since thematerial beads are filled in a compressed state,
spaces among particles of the material beads can be decreased and
the operation for substituting air with steam during the heating
for expansion, which is carried out next, becomes easier.

3) In the pressure adjustment operation during filing, the

target is limited to the cavity 4, and conventional pressure
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supply of conpressed air, and exhaust for vacuum ng the cavity 4, or the
adj ustnment of pressure in the cavity 4 and discharge

35 ’ of draining fromthe cavity 4, can be carried out

i ndependently via the second openings 50a and 50b according to the
requirenent, just like the cases of the above first openings 30a and 30Db,
therefore the non-uniformty of the utility fluid can be sol ved. I n

accordance with the di e-expanded nol ded foam ng apparatus |1C, as the
configuration clearly shows, the followng mtters becone possible using
t he firstadjuestmerst e dadg@Obapacditiye dacindingpthengsambBersn3 &by 14
I nstead of the conventional vent holes, in the nolded foam ng nethod where
t he abovetrbethosddepg: elexpuredassamt ewhdlchhmalesbadjes tmentdspace He' 2avi ty
4, pressure is reduced and exhausted, the beads are heated, expanded, and
fused by QhdesfoatiesFeasesnithenhtaad oof reRswring anl ipniqssare Fedugiag aken
out as a nolded foam body nade of the predeterm ned expandable synthetic
resin. aPPagajusss Gansidgrabiy, and gakies thefif appasadissse coppast -
pressure insi the cavity_4 .is dirrectly reduced, by exhausting, with
reduci ng pr esgﬁ"feektliefa%w&néfo'fh’o%tfﬁ' “t%?rf’F’Pﬁs bﬁe‘?ﬂ%§%§oﬁaglty 4 and
the chambers 13 and 14 can be filled independently, which allows
heating the dies 2 and 3 up to a temperature where the material
beads do not fuse by supplying the heating steam into the chambers
13 and 14 while £illing the material beads into the cavity 4. 1In

this case, heating steam, that is, saturated steam at 0.2 kg/cm®
(terminal temperature: 104°C), is used for about five seconds.

When the molded foaming apparatus enters from the closing
process to the filling process, the temperature’ drops considerably
because time has passed since the previous heating operation,
therefore it is preferable to preheat the dies preparing for the
expansion operation in the after process even when molding is
continuously performed, but in a conventional filling process,
where air for filling the material beads is exhausted from the
cavity via the chamber, the dies cannot be preheated in this
filling process stage. Whereas in the present invention, where
the exhaust passages for air for filling is independent from the
chambers 13 and 14, preheating can be operated in parallel,
separately from the filling operation.

This £filling process completes in approximately five seconds,

and in this stage, it is sufficient to raise the surface
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and 30b, and steam for preheating is then directly supplied in the sane
manner, and at this tinme, if necessary, non-uniformty of the utility
fluid in the concave areas 51 and 52 can be solved by using the second
openi.ngs 50a and 50b. For heating and fusing, steam at fusing
tenperature can be directly supplied to the material beads 5 in the
chanber 4 from one or both of the first openings 30a and 30b in the sane
manner, and steamis supplied to the concave areas 51 and 52 using the
36 second openi ngs 50a and 50b in the sanme nmanner so as to

heat the tgafpéransrahef et diernahdeastd Y97 eaalwotel el gimye siteaodjevd t he
first openings 30a and 30b. In this case, it is needless to say that al

of dies pfteheadimnieal £4 td 2B dEcH Ut BECEROW1exUPBAYKY Ui orm
- required steamfromthe chanbers 13 and 14 if necessary. When t he

second opestp@ita bie AWIMEBH & HIWIAR b8 the prsiede Foantng eapraidng 1A
shown in Fig. 3, the internal pipes 55 for connecting the second openi ngs

50a and 56 farsdnigheperaeiodi, el fdac tmpodtanarotiitvpoatde ashes hempera tiure
di e- expanded nol ded foam ng
to a level where the material beads expand and fuse.

In the case of the molded foaming apparatuses 1C ~ 1E, the
pressure of the second openings is adjusted to be a predetermined
minus pressure with respect to the pressure in the material tank,
inter-locking with the above mentioned pressure adjustment
operation for the cavity 4 by the first openings 30 or prior to
the pressure adjustment operation for the cavity 4 by the first
openings 30, so as to adjust the flow of the material beads in
the portion where the flow of the material beads is apt to be
disturbed and to solve f£illing unevenness.

(2a) Returning-to-atmosphere process.or exhaust process
Since the material beads in the cavity 4 are filled in a pressurized
and compressed state and the percentage of voids drops to
approximately 40% by the above filling process, it is not really
necessary for the present invention to use the returning-to-
atmosphere process or a conventional exhaust process here, but
such a process may be used if necessary.

The returning-to-atmosphere process here is a process for
releasing the cavity 4 in a pressurized state during f£illing to

atmospheric pressure, and during this operation, the pressurized

and compressed particles of the material beads expand as the
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apparatus IDin Fig. 7, for exanple. In this case, at |east one of the

i nternal _pipes 55 may be connected to the utility pipes 15 - 18

i ndependently via the utility valve, not illustrated here. In
accordance with this enbodinent, in addition to the above nentioned

advant ages, nol ding operation tine can be decreased because at heating or
cooling for nolding, the inter-die passages - 33a and 33b, which are parts
of the dies 2 and 3 where heat capacity is relatively large, and the

peri pheral area of the inter-die spaces 34a and 34b, can be heated or

cool ed efpressuréeyweduces, )l llimgotherspaces amomg dheopavhicdem fsowhe t he
utility fluid at the center part of the dies 2 and 3, the second openi ngs
50c are fpeneentage rf yoid decreaseswibeRoi®® twod- nn9%r rdecreasing ghe
connect to the inter-die spaces via the internal piEe 56, or to_connect to
t he int erFRfignptaircontrnip thy veddssamiang pagticles which would cause

37 the ytility plﬁes 15 - 18 via the utiIitﬁﬁvalves“ as, shown

in the dPEORKGEHIELhSUSFIE™ SR the) afdsd REQSCRR  sARAMHE ity inside A

non-uni form f | ow. o %he tility fluid is_apt to occur when the space

pot veen (A JRRLESE SR ek ot ot MRERESIT ng or

The exhaust process here is a process for actively exhausting
the air inside by reducing the pressure in the cavity 4 so as to
decrease the percentage of the void and of the residual air content,
but this operation for exhausting is normally unnecessary because
the percentage of the void and the residual air content have
already reached a rather low level by the returning-to-atmosphere
process or the cavity 4 of the present invention is not connected
to the chamber 13 or the chamber 14 which have large capacities
and residual air can be easily exhausted in the prestage of the
later mentioned internal heating procéss.
(3) Internal heating process

When £illing and preheating of the material beads in the filling
process complete, the internal heating process, which is the next
process, may begin. This is a process for heating the filled
material beads up to a temperéture just before fusion by releasing
the heating steam at a temperature less than the fusion temperature
of the material beads to the cavity 4 via the connecting passages,
by supplying from the first opening 30a and releasing from the
first opening 30b, for example, and generating condensed water

on the surfaces of the dies 2 and 3 enclosing the cavity 4.
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exhausting the utility fluid becomes 100nm or nore, so when a pair of the
first openings 30a and 30b are disposed at the opposing positions of the
peri pher.al area, sandw ching the cavity 4, and the space between the first
openi ngs 30a and 30b is 100mm or nore, as shown in Fig. 2, the second
opening 50c may be formed at the internediate position of the first
openi ngs 30a and 30b, as shown in Fig. 8 It is also preferable to form
t he second openings 50 such that the distance between the first opening 30
and the second opening 50 and the distance between the second openi ngs 50
become 100mmIgr théssprocess, lit dsomckssaryitohinbireade ctlvx femped atuirged
foam ng apparatus 1E, where a pair of the first openings 30a and 30b are
formed offfoshednateiiak hepdsstmadvanicey bak idadstimppriant pof tosapmliyon to
supply. such a utility fluid as steamfromone of the first openings to
t he ot herSHaahayidyg fy temperatunee hdghery thag, thee fusdonc fempegature,
particul arly, operation for supstituting air angn the material beads 5
filled i r?ﬂt%ee Bgﬂ'fff’i'm4h9\ﬁ¢ﬁngt’e%rﬁ%q e%&é‘ﬂ-’&ﬂ%ohe?s}nﬂela?i%e ghder
mat eri al beads 5 .qui.ckly bego ossi bl e. Al so the required_nunber
of secondPiSEERTAE S5SAPR P6r Hee Hatertaineans ACCHITm SISk ARG L AHLEH
hel ps mil&% {:ﬂfs fét%\ﬁeqf I\Ego in this stage, it is necessary for the %%pplied
saturated steam to contact the dies 2 and 3, which are the outer
walls of the cavity 4, to be cooled down and to generate some
condensed water on the surfaces of the dies, therefore it is
important to supply steam having a temperature which is cooled

down a few degrees by the dies 2 and 3. In this case, steam at
104 ~ 109°C (steam pressure: 0.2 ~ 0.4 kg/cm?) is preferable, and

the time required for this process is approximately 2 ~ 5 seconds.

(4) Fusion heating process

When the above preparations are completed, heating steam
having a temperature which is a fusion temperature of the material
beads or higher is suddenly supplied into the chambers 13 and 14,
heat is conducted into the cavity 4, the above mentioned condensed
water is evaporated into steam at high temperature, and is
instantaneously infiltrated into the particles of the material

beads so as to progress the expansion and fusion of the material
beads. In this case, 109 ~ 120°C (steam pressure: 0.4 ~ 1.0 kg/cm?)

is suitable for the temperature of the heating steam.
The means for heating by evaporating the condensed water in

- the cavity 4 into steam at high temperature is used in this process
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utility fluid snmooth, preventing an uneven flow and uneven velocity of the
utility fluid to be generated in the cavity 4. As a consequence, even if
the flat-portion at the center of the cavity has a shape with a high

| engt h/thickness ratio, 20 or nore for exanple, density non-uniformty and
foami ng non-unifornmity in the flat portion at the center can be

controll ed. Now a net hod for die-expanded nol ded foam ng of a nol ded
foam product using the above nol ded foam ng apparatus 1 shown in Fig. 9
will be explained. In the follow ng description, the material beads are
made of peegause efiesionecamonghthei matepiaili beadshgan: e pRomeded iwhid i on
can be applied just as well even if material beads nade of polyol efine
synt het i (PFe¥eRtiRg emof-WridLampdfupden by WAl SéeaMvRbpar KAy 1A -
| E, the nethod for nolding is basically the same, so only the differences
from t he taEklbrates yte hEh?rﬂF@IE%Ir?-%ngﬂﬁdﬁppar atus 1 wiil be descri bed.

Fig. 9 shows the processes of the nethod for nol ded foam ng ,of .the present
nvention conpiThgedtines FoR ASHLETHRO HRS BIEPOSE BT, F ik LHALOP At Ing,o

hod f | ded. f ] f.th ' | [ | ed _' h
Sequence BTO%SHi3 S8 RROTsy SpPrPRRface)y fbHRen fedtin.  Altrwily,
heat g, &lo cRALLBAy ChystRAB% #"dh! ShATSLRG: 1Ak T EbE PLAECSImLh

as printing. each process w aln bel ow.
p g

(1) D e gafi{e@ fethe fusion &ﬂﬁ%%hﬁ]&éé“ist BtC ;&niéf%fe@t From

closed. This forns the cavity 4 betwe e core die e cavity die
3, which the case of a conventional method, twelve seconds, because

preheating is possible in the filling process, the percentage of
void in material beads can be decreased, and condensed water is
utilized in the internal heating process.

(5) Cooling process

To cool and solidify the fused molded foam body, a method
similar to a conventional method is used. After spraying cooling
water from the cdoling water pipe disposed in the chamber, so as
to cool the molded foam body to some degree, moisture is evaporated
by reducing the pressure inside to consume the latent heat, and
as a result, the internal temperature is effectively decreased.
Concretely, the cooling water valves CV1 and CV2 are opened and
the cleing water is sprayed from the nozzle 24 to the core die
2 and the cavity die 3 so that the molded foam prdduct in the cavity
4 is cooled down via the core die 2 and the cavity die 3.

Time required for this cooling process is approximately fifty
seconds, whereas it _ takes approximately 100 seconds

conventionally. This is because the heating temperature itself
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39 Is air tightly isolated fromthe chanbers 13 and 14, and
the first openings 30 connectingtotheutilitypipes 15 - 18. Inthe nol ded
foam ng apparatus 1, the slit shaped first openings 30a and 30b are forned
along the joint of the dies 2 and 3, and the first openings 30a.and 30b
are connected to the utility pipes 15 - 18 via the connection passages,
that is, the inter-die passages 3la and 31b and the internal pipes 32a and
32b. (2) Filling process In the filling process, pressure in
the cavity 4 is maintained to a mnus pressure with respect to the

pressur e ¢anthee keptedpwl. andnkhe wawity dsneealledusndatenpenmtiurd eofrdthe i al
beads in the material tank are supplied fromthe filling unit 23 to the
cavity Z9igR ¢ar be|degreasedcby &tfgchively hesingf thencpalingewates.

bet ween t he na{eriaL tank and the cavity 4 using a part or all of the
first openings Die opemifig and yoldhaedasing RFQRASSre supplied to the

br edet er i ned TRERsHHe ARHanY; Eodn "brdy PROLORELPE prdsShpe tgmperature
drops to a temperature where a predetermined shape can be
maintained, the dies 2 and 3 are opened by moving the core die
2 in Fig. 2 in the right direction, and the molded foam body is
pushed out in thelright direction by the eject pin attached to.
the cavity die 3 at the left, for example, to take out the molded
foam body. In this case, the releasing of the molded foam body
becomes easier if compressed air is supplied from the first
ope_nings 30e and 30f formed near the filling unit 23 and the eject
pin 24.
(7) After process
After mold releasing, an after process according to the
specifications, such as a printing process, a labeling process
or a packaging process is set, and in the case of the present
invention, a drying process, which is necessary for a conventional
method, can be omitted since the cooling water sprayed in the
cooling process does not enter the cavity, and the moisture content
of an obtained molded foam body is 4% or less, whereas in a
conventional method this is 6 ~ 10%. In this aspect as well, the
present invention can greatly contribute to the improvement of

productivity.
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hi gher, nore preferably a predeternined atnospheric pressure in a - 5.0
kg/cn2 range, or even nore preferably ina 0. 1 - 5.0 kg/cn2 range, and
mai ntaining the pressure in the cavity 4 at a pressurized state which is
at the atnospheric pressure or nore and less than 0.5 kg/cn2 m nus the

pressure in the material tank. The reason for maintaining the _
pressure in the material tank at a predeterm ned atnospheric pressure in a
- 5.0 kg/cn2 range, 40 nor e

preferably in a 0.1 - 5.0 kg/cnR2 range, is that the material beads in the
cavity in thi sNeawngrothercempordimedtamherzpahd yprocesiees ednedhieo above

opti mum di ameter (capacity), and filling density beconmes relati vgal y
uni f or m i e texparged maldeshfoaminggnethéd@re paritiedd yochangedi wilhde
narrow portions of the cavity, which is preferable. The reason to

create a ¥RI@IRSAial pressure less than the pressure in the materi aIh t ank
m nus 0.5 kg/cn?2 while nmaintainin the pressure in the cavity 4 at the
at mospheri ¢ prEsdieeabevemgndrioned pahded foaming Bethed where candsanged hi s
range, the flow vel ocit arrier air flow becones _excessive, and

f f g . ) s
cl oggi ng %qt‘?ﬁésn%ﬁr_é?]?% ed 8Ba GeYLEY; 4 ipnhe dpteFnalfreating Rracsss
portion q{e&ﬁ%é Isltle'aﬂlgis supplied to the chambers 13 and 14 for indirectly

heating inside the cavity in the fusion heating process, so as
to evaporate the condensed water in the cavity 4 to steam at high
temperature and to heat, expand and fuse the material beads by
this steam at high temperature, but instead of the internal heating
process and the fusion heating process, the following fusion
heating process may be adopted where heating steam is directly
supplied to the cavity 4 through the first openings 30 and the
second openings 50 for heating, expanding and fusing the material
beads. For the other processes, which are the same as the above
embodiment, description is omitted.

First the utility valves SV1 and SV2 are opened in a state
where the drain valves DV1 and DV2 are open, and steam is supplied
to the chambers 13 and 14 so as to substitute air in the chambers
13 and 14 with steam. This process may be carried out in the
filling process. |

Then the drain valves DV1 and DV2 are closed, and at the same
time, steam is supplied to the chambers 13 and 14 for a
predetermined heating time while controlling the utility valves

SVl and SVZ so that the inside of the chambers 13 and 14 become
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passage, which is not preferable. . The pressure inside the materi al
tank may be set based on the pressure in the cavity 4. Concretely, the
pressure in the cavity 4 is set at a predeterm ned pressure which is the
at nospheric pressure or higher, nore preferably 0.1 - 5.0 kg/cn2, and
inside the tank is pressured in the range |ess than the pressure in the
cavity plus 0.5 kg/cn2, so as to fill the material beads by the
differential pressure. Anot her preferable filling method is supplying
the material beads to the cavity 4 with maintaining the pressure in the
cavity /4a predeferndmed stelan paesisare .f vbere theacone sliey Ranpt tbewavity an
at nospheric pressure m.nus 1.0 kg/cnR2 range, while keeping the

41 die 3 axg ésﬁtﬁ#%d.i rﬁnd]ethmtmﬁ%ni@am@ads én eanRRpag cthe it e -
5.0 kg/cn? range. advantage in maintaining the pressure in the
cavity 4 ¢ie Zaﬁ%ﬁaﬁlwi‘ﬁﬁkgéﬁr%m"ﬁ QW’&?%§BQ&W%?%F@M‘E‘¢PS SUrfafR 1.0
kg/ cn2 range while kee t he pressure |n the material tank in an

at nospher® Fﬂ'%%s‘ﬁﬁe cﬁ?a‘Faﬂﬁ‘é PE€tthat it is easy to

A process for heating the material beads filled in the cavity
4 is carried out in parallel, and this process is roughly divided
into three steps.

In the first step, the drain valve D4 is opened while the
drain valve DV3 is closed, and the utility valves SV3, SV5 and
SV6 are opened while the utility valve SV4 is closed, so that steam
is supplied to the cavity 4 to substitute the air among the material
beads with steam.

In the second step, the drain valve DV4 is closed while the
drain valve DV3 is opened, and the utility valve SV3 is closed
while the utility valves SV4, SV5 and SV6 are opened, which is
the opposite of the first step, so that steam is supplied to the
cavity 4 to substitute the air among the material beads with steam.
The second step, however, may be omitted.

In the third step, the drain valves DV3 and DV4 are closed,
and steam is supplied to the cavity 4 for a predetermined heating
time, while controlling the utility valves SV3 ~ SV6 so that the
inside of the cavity 4 becomes a predetermined steam:pressure,
where the material beads are heated, expanded and fused to mold

inside the molded foam product.

50



mai ntain a negative pressure state during filling for the material beads
whi ch do not require conpression and capacity reduction. Since only the
pressure’in the cavity 4 is reduced, filling density in the plane
portions, the side face portions and even in the narrow portions of the
cavity 4 become uniform which is preferable. Such a filling nethod
al so has the follow ng additional advantages. 1) For filling, the
supplied material beads flow fromthe filling unit 23 |ocated at about the
center of the cavity 4 to the direction of the first openings 30a and 30b
di sposed at tHeingg dehedgerbice hporbionyofl, thhemollded ffiokin pgodueteandss
does not occur very nuch in the cavity 4 and the quality of products

st abi | i zeknside thepmolfiadf qaie predacitacandrld ndependendd y heatedyy dheed
state, spaces anong particles of the material beads can be decreased and
t he oper &1eM i beysaPPldeidhoathenrhambersnd duandgl4 rﬁanflléétgei ;ﬁ:gleanbﬁo
expansion, which.is carried out next, becones easier. _. : n the

pr gssur e 2 5Bethg RV i Angltils Ressikde taradiust therspsdace t he

i ' 42
cavity 4’p1a§1§iergto§l %Efnszhgnxgclalgégs ouarme product and the internal fusion rate

of the molded foam product independently.

In accordance with the fusion heating process with such a
configuration, the heating of the surface portion and heating
inside the molded foam product can be carried out independently,
therefore in the case of a molded foam product for which mechanical
strength is not a major requirement, for example, the cycle time
of molding can be decreased by keeping the internal fusion rate
of the molded foam product low while maintaining sufficient
surface property, and as a result, both productivity and
commercial value can be implemented.

The molded foam product molded in this manner becomes amolded
foam product with a beautiful surface free from traces of core
vents and core vent holes on the outer surface. In this molded
foam product, the surface property can be set equivalent to an
equal heating molded foam product manufactured based on
conventional molding technology, whereas the internal fusion rate
can be set lower or higher than that of the equal heating molded
foam product with the above surface property. In other words,
in the case of the conventional molding method, where the surface

and the inside of the material beads are heated under the same
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adjustnent for large capacity, including the chanbers 13 and 14 at both
sides, is unnecessary, which nakes adjustnent space 1/20 or |ess,
decreases the | oad of pressuring and pressure reduci ng apparatuses

consi derably, and nakes these apparatuses conpact. The feature of
this filling process is that the cavity 4 and the chanbers 13 and 14 can
be filled independently, which allows heating the dies 2 and 3 up to a
tenperature where the material beads do not fuse by supplying the heating
steaminto the chanbers 13 and 14 while filling the material beads into
the cavi tgomditions hdyringe theaheagingeamxpanding, andt fusioy soBahbgt 0.2
kg/cn2 (termnal tenperature: 1040C), is used for about five seconds.

When t he matertnt keads. adhdihe dntermal fusden rate of dde poddess fioam he

filling process, the tenperature drops considerabl because ti me has
passed siPEQINGE P S/ oUCHe L3Ry %ﬁéeatﬁ%‘f‘ed @ter ,b@qqdqrgLe‘ﬁ et e to
preheat the dies preparing for_the ansi gn opera n in the after
process Jﬁ’(ﬁpﬁ smodggd; f'lﬂ sP’g'/o% CFor R Sih are &FHES onal

From ¢ he SRt mﬁ“*‘;a%q?@amf .o (e Arded o 3% i B SR B
filling ppcess ghige hgapgasaﬁueh @%s@r%e o HYEDLAS o ST Sockligsphaust

assages rNg TS |ndependent ro ers
p g

il el AL om0 e
seconds, nhéd¥kd Ndddperddifitly, idnly tHd findiedHall FUsAicie rdie %érnf ¥ef set
low so that a beautiful molded foam product having a smooth surface
with almost no dents 7 at the boundaries of the beads 5B on the
surface of the molded foam product can be implemented, although
gaps 6 are formed at the boundaries of the beads 5A inside the
molded foam product, as shown in Fig. 10 (b). Setting the internal
fusion rate low can be. suitably applied to molded foam products
for which high surface property is demanded but mechanical
strength is not a major requirement, such as a decorative form
for the surface 6f concrete, or the cover of a container and heat
insulating material, and setting the internal fusion rate high
can be suitably applied to molded foam products for which surface
.property is not a major requirement but high mechanical strength
is, or for molded foam products which can withstand repeated use,
such as molded foam products for various components for
automobiles and returnable containers. The present invention is

more effective and useful for relatively large molded foam

products with a complicated shape, rather than for small molded
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43 tenperature of the dies 2 and 3 to 97 - 1000C. Since the
object of preheating here is to |let each part of the dies reach a uniform
tenperature as nmuch as possible as the prestage for the expanding or
fusing operation, it is inmportant not to raise the tenperature to a |evel
where the material beads expand and fuse. In the case of the nol ded
foam ng apparatuses 1C 1 |E, the pressure of the second openings is
adjusted to be a predetermined mnus pressure with respect to the pressure
in the material tank, inter-locking with the above nentioned pressure

adj ust nenfoam paogiuct s vothteheimplet shapey suuh abraicomterinegsf@0 igrstantr to
t he pressure adjustnent operation for the cavity 4 by the first openings
30, so asheedles packaged L@ obpt heThemresenthdayention: he paorttiianlashky e
the flow of the material beads is apt to be disturbed and to solve filling
unevennesiseful fon symoidedr Heam-RrRduchheing hogde$hick andailin rakless
Since the material beads in the cavity 4 are filled in a pressurized and
conpr essdRPELERRS and the percentage of voids drops to approxi mately 40% by

the 2bove {11 48, PRE°E5anhats, Reeglo st pRSCRATARY |Bhatls, BSIEH .
exhaust p:ir?c%écfil{.'ge rethebukusfgﬁh }‘?eﬂic}?éa S%r@ésbse ggce:grid];lngecgg Szgx‘ydther
embodiment described above, and the quality evaluétion test for

the molded foam products ménufactured thereby will be explained.

We molded material beads made of polypropylene under the

heating conditions shown in Table 1, and measured the surface
property and internal fusion rate of the molded foam products.

The surface property here was evaluated in five rankings

according to the frequency of occurrence of dents 7 shown in Fig.

10 (a), where the higher value indicates better surface property

with less frequency of occurrence of dents 7. The fusion rate

was based on the evaluation of beads status in the cross-section

when the molded foam product is split, and more concretely, the

ratio of broken beads determined by measurement, regarding a bead

as not fused when the bead itself is not broken but has a crack

along its surface, and regarding a bead as fused when the bead

itself is broken.
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The returning-to-atnosphere process here is a process for releasing the

cavity 4 in a pressurized state during filling to atnospheric pressure,
and during this operation, the pressurized and conpressed particles of the
mat erj al beads expand as the 44

pressure reduces, filling the spaces anong the particles, so the

percentage of void decreases from40%to 5 - 20% decreasing the residua
air content in the voids anong particles which would cause problens with
fusion in the after process, and uniformty inside the nolded foam body is
i mproved.Table 1 The exhaust process here is a process for actively
exhausting the air inside by reducing the pressure in the cavity 4 so as
to decrleaseatihegpeoneitige ¢f Quad vyt dfamblafed hp residual |air content,
but thig operatﬂqudnﬁr exhau<t|ngfmamnpruﬂhby unnDCﬁ faixgbecause t he

percentage or tne ol d_and (e residual] air _conte VEe allr eady & eaghed a
rat her Ifo by t he retulnisagfiaeeatinospBeba pro > or [the cavity 4 of
t he preseﬁg zgﬁt<ﬁ?W¥$$uﬁ oeroseteg | t eatbeschanber 13 o the chanfjer 14
whi ch havelPar capacities |and residdal air can| be easily|[exhausted |in
t he prestage of thp bateg ngntioped I nternplg heafing grepcess. A
3. 0 3. 0 2 50 210 B
3. 5 2 80 240 C
2. 5 3 10 150 D
3. 5 3. 0 3 50 220 E
3. 5 3 80 250 F
2. 5 4 10 170 G
4. 0 3. 0 4 50 230 H
3. 5 4 80 260 I

As the result shows, the surface property and the internal
fusion rate of a molded foam product can be independently
controlled by controlling the heating cqnditions for the chambers
13 and 14 and the heating conditions for the cav_ity 4 by steam
from the first openings 30a and 30b. With the conventional
molding method, only molded foam products with a quality
corresponding to cases B and F in Table 1 can be manufactured,
but with the present invention, molded foam products corrésponding
to cases A ~ I, can be manufactured with various combinations of
surface properties and fusion rates, and flexibility of molding
considerably expands. |

For example, a molded foam product having good surface
property with a low internal fusion rate, as shown in cases D and

G, can be manufactured. In such molded foam products, mechanical
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(3) Internal heating process Wen filling and preheating of the mat eri al
beads in the filling process conplete, the internal heating process, which
is the next process, may begin. This is a process for heating the filled
mat eri al beads up to a tenperature just before fusion by releasing the
heating steam at a tenperature |ess than the fusion tenperature of the

mat eri al beads to the cavity 4 via the connecting passages, by supplying
fromthe first opening 30a and releasing fromthe first opening 30b, for
exanpl e, and generating condensed water on the surfaces of the dies 2 and
3 encl osi sgrengthai$tyow. since the internal fusion rate is lowl5 but the

In this process, it is necessary to increase the tenperature of the
mat eri al peatingn e¥papdingpapd|fusing npbme and ridhe tepaling ytimg exan i ng
a tenperature higher than the fusjon tenperature, sincq'unifqrn1heqting S
i nt er r upt QCEEAPRY- 1A i PECIVCEHELEY 1qan ke dawreageq wiide srint@imdmg | al
beads OCTHS FHEPRBE Aty Hhaste HiEee BSPand bt o s
o A A S AR S e 8 S R ¢ 1«
strength is not a major requirement, such as a decorative frame
for the surface of concrete, or the cover of a container and heat
insulating material. In order to manufacture such a molded foam
product using the conventional molding method, 250 sec. or more
of cycle time of molding is required as case F shows, if products
with a surface property evaluated at 3 or higher are regarded as
non-defective, but with the molding method of the present
invention, such a product can be molded at 150 sec., 220 sec.,
170 sec. and 230 sec. of cfcle time respectively as cases D, E,
G and H show, therefore productivity increases. Also the energy
cost can be decreased since heating more than necessary is not
carried out. |
Also, molded foam products where the internal fusion rate
is set high and the surface property is set somewhat low, as shown
in case C, can be manufactured. In such molded foam products,
mechanical strength is high since the internal fusion rate is high,
but expanding and fusing time and cooling time can be decreased,
steam pressure in the first openings 30a and 30b can be set low,

and productivity is improved and energy is saved while

sufficiently increasing the mechanical strength, therefore these

55



Fmportant to supply steam having a tenperature which is cooled down a few
degrees by the dies 2 and 3. In this case, steamat 104 - 1090C (steam
pressure! 0.2 - 0.4 kg/cnR) is preferable, and the time required for this
process is approximately 2 - 5 seconds. (4) Fusion heating process
When the above preparations are conpleted, heating steam -having a
tenperature which is a fusion tenperature of the material beads or higher
is suddenly supplied into the chanbers 13 and 14, heat is conducted into
the cavity 4, the above nentioned condensed water is evaporated into steam
at hi gh memaedatod producits camdlcagtusbablglused Eokrtmel ded fioam phedpatsi cl es
of the material beads so as to progress the expansion and fusion of the
mat er i al folreadsich nsulrifaceageoddéd®ty 12800 steamaporsseqguirementl. Bay/ cn)
is suitable for the tenperature of the heating steam The neans for
heati ng mgcbhanjoedt $hgergth condsuchdasanelded faame preduotsq font vasieas at
hi gh tenperature is used in this process .

46 componengscHO5 Ayt el lew And ke timahla cesddd nedis -be IprovdeErd

while preventing non-uniformfusiagn Q;nusiqglsteaq1mhich easilX .
i nfiltrat@smERYEAFHErfeiush 4 mpddad foam product using the conventional

molding method, 250 sec. or more of cycle time of molding is
required, as case F shows, if products with a fusion rate of 80
are regarded as ndn—defective, but with the molding method of the
present invention, such a product can be molded with 240 sec. of
cycle time, as case C shows, therefore productivity increases.
Also energy cost can be decreased by lowering the steam pressure
in the chambers 13 and 14, since steam pressure in the chambers
13 and 14 can be set at 3.5 kg/cm® for case F, whereas 3.0 kg/cm®
for case C.

In accordance with the method for filling material beads
according to the first aspect, the chambers and the cavity are
air tightly isolated, that is, a molded foaming apparatus to be
used does not have vent holes for connecting the chambers and the
cavity in the dies, therefore the problems caused when forming
the vent holes can be fundamentally solved. Filling the material
beads, which utilizes differential pressure between the material
tank and the cavity, can be easily carried out by adjusting the
pressure of the material tank and the cavity.

If the material beads are supplied to the cavity while

maintaining the pressure in the material tank in an atmospheric
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Time required for achieving the purpose of the fusion heating process is
very short, approximately fifteen seconds. Although the present invention
is an i'ndirect heating type, the time required for the fusion heating
process is not so different from the case of a conventional nethod, twelve

seconds, because preheating is possible in the filling process, the
percentage of void in material beads can be decreased, and condensed water
is utilized in the internal heating process. (5) Cooling process

To cool and solidify the fused nol ded foam body, a nethod similar to a
convent i BPEaFSHEeho® i & kg™ spnge. sﬂﬁa?ﬁﬁﬁréBGﬁl 48 that 3eCPRIrAsPRCE 00l i ng
wat er e_di sposed in the chanber, so as to cool the nplded foam body to
sone degE%% 1?{8@59(%34 begouss Ee LAt ively é’dl’&(ﬁqqﬁ' LR PdanpPontRsS ¢ o

I t heat d th t I
crecnr v et el of B 8 i i St GRS .

d I t t
die 2 ol %aﬁme%ev‘g’ﬁ?%ﬂd‘ae%e?ﬁabﬁ RBe Ffing! Plda TrachErer iy tedaf, TV
4 i t d d Ti
Ieaaifggiﬁor ?ﬁ?g¥%@%l?ﬁgB%;ggeggtggagpgpgéfﬁg¥é t%?fééapﬁﬁ%SXa IrrEV\/nereas
it takes — apprgy ?ﬁé@kﬁre iP%ne E8GPRFSIs &%&ﬁ%&tm@aakbxbe E%ﬁeésﬁxf@&ause

the heating tenperature itsel
state, which is an atmospherlc pressure more and less than minus

0.5 kg/cm® with respect to the pressure in the material tank, as
described in the third aspect, the material beads can be filled
uniformly into the cavity or narrow portions of the filling
passages by setting the flow velocity of the carrier air flow to
be optimum, which is preferable.

If the pressure in the cavity is maintained in a reduced
pressure state, which is from the atmospheric pressure to a minus
1.0 kg/cm?, as described in the fou'rth aspect, pressure only in
the cavity is reduced for the material beads which do not need
compression and decreasing capacity, so it is easy to maintain
a negative pressure state during filling, and filling density
becomes uniform in the plane portions or the side face portions
or even in the narrow portions of the cavity, which is preferable.

In accordance with the method for die-expanded molded foaming
of synthetic resin according to the sixth aspect, just like the
filling method according to the first aspect, the chambers and
the cavity are air tightly isolated, that is, the molded foaming

apparatus to be used does not have vent holes for connecting the
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can be kept low, and the cavity is seal ed and tenperature of the ~dies can
be decreased by effectively using the cooling water. (6) Die opening
and nol d rel easi ng process When t he nol ded foam body solidifies and
the tenperature drops to a tenperature where a predeterm ned shape can be
mai nt ai ned, the dies 2 and 3 are opened by noving the core die 2 in Fig. 2
in the right direction, and the nolded foam body is pushed out in the

right direction by the eject pin attached to the cavity die 3 at the left,
for exanple, to take out the nolded foambody. In this case, the releasing
of the nothianbénsandothe datidieinddss diesf, andstesmcandiain are wuyppleicd rom
the first openings 30e and 30f forned near the filling unit 23 and the

ej ect pi¥e 2F exhausteqfram the glayidys not thrsfugh vent holelscbgt rifpraarghaf t er

process according to the specifications, such as a printing process, a
| abel i ng Prbtit¥ Pasisagemiagetdypeerregted tatthegaavihys Hehergefons thee

resent invention,. a drying process, which is necessary for a conventional '
ﬁet hod, 2RPYR “Eﬁﬂ%’t%ﬂf‘i iprﬁfg’]tq{'@ CoYEeg " ePef oXPing e vemk halasg igan

ol ded 1 o BOTE Gt by $6D¥A Nl eas in A conventional method this 15 6
concrs ok o R SR 1ol "prlC N, AR 89 £°B1955RY Yotnoa
according_ to one of the first to fifth aspects in the filling
process, filling can easily be uniform by adjusting the pressure
of the material tank and the cavity.

Aiso the utility field can be supplied to the cavity and the
chambers independently, therefore preheating of the dies can be
operated with supplying heating steam to the chambers separately
from the filling operation, which is preferable.

In accordance with the method for die-expanded molded foaming
according to Claim 7, the core vent attachment holes can be
completely eliminated, therefore the manufacturing cost can be
decreased by constituting the dies thin, and control accuracy of
such utility fluid as steam can be improved. Since the operation
for forming core vent attachment holes and the operation for
attaching core vents are decreased or eliminated, productivity
of the dies can be improved, and the maintenance opération required
for the clogging of vent holes by scales can .be decreased or
eliminated. The openings formed at such positions do not drop'

beauty in appearance of the molded foam product, and such utility
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48 Now anot her enbodi nent where the processes in the
above die-expanded nol ded foam ng nethod are partially changed will be
expl ai ned. In the above nentioned nol ded foam ng et hod where
condensed water is generated in the cavity 4 in the internal heating
process, heating steamis supplied to the chanbers 13 and 14 for
indirectly heating inside the cavity in the fusion heating process, so as
to evaporate the condensed water in the cavity 4 to steam at high
tenperature and to heat, expand and fuse the nmaterial beads by this steam
at hi gh t&hpit &sustéeabucanrise eaxppdfiedhdoi hheroaviteatn fprmpiycedsicind st he
fusion heating process, the followi ng fusion heating process nay be

adopt ed wreferableéng steamis directly supplied to the cavity 4 through
the first openings 30 and the second openings 50 for heating, expanding
and fusing thelfrdthe jagcessanys paxdy itshéi%@t eFigdebeads FAldAngr andle sane
as the above. enbodi nent, description is omtted. First the utility
val ves S\&S drfaribeq dinydhiceplighth aspegt. a drop in appearance of the

molded foam product can be pre&ented.since traces of the openings
are not outstanding.

If the returning-to-atmosphere process for releasing the
inside of the cavity from a pressurized state to an atmospheric
pressure state or for the ekhaust process for reducing the pressure
inside the cavity and exhausting the air inside is added between
the £illing process and the internal heating process, as described
in the ninth aspect, the residual air content in the voids among
particles, which will be a problem during fusion in the after
process, is decreased and the uniformity inside the molded foam
body is improved.

In accordance with the method for die-expanded molded foaming
of 'sj(nthetic resin according to the tenth aspect, steam can be
supplied to the pair of chambers and the cavity independently,
and the heating conditions for the respective spaces can be
adjusted independently, which makes it possible to decrease the
cycle time of molding while keeping the internal fusion rate of
the molded foam product low, and to manufacture molded foam
products with a beautiful surface as well, and consequently both

productivity and commercial value can be implemented.

59



where the drain valves DVl and DV2 are open, and steamis supplied to the
chanbers 13 and 14 so as to substitute air in the chanbers 13 and 14 with
steam This process may be carried out inthe filling process. Then
the drain valves DV1 and DV2 are closed, and at the same tine, steamis
suppiied to the chanbers 13 and 14 for a predeterm ned heating time while
controlling the utility valves SV1 and SV2 so that the inside of the

chanbers 13 and 14 becone 49 _

a predeternmined steam pressure, where the core die 2 and the cavity die 3
are heated, anfinae the chambebsadsl Shemetwidty agetfirnesd én ah ai? tighthe
cavity die 3 are_expanded and fused to mold the surface portion of the
nol ded f ohfPprbedcitate, heakimgoeenditionsefiorithesr thnes spackeadsanibe | ed
in the cavit 4 is carried out in parallel, and this process is roughly
di vi ded TOFS adruEatalghset. and the abeveinentiongsd lems gavgedaviin i s

opened while the drain valve DV3 is closed, and the utility val ves SV3,
85)/5 and J%‘?/Ema?% %%%ﬁ@l\;ﬁw%aleh'@euﬁlmiweoéﬁ%mwlvgdm osed, so that

steam is suppﬂ, egh;[eo itn eerc.rzlaa\.ll.i tf’us4iot19 ]%laj. (Sat iitsutceor;fth]:'eo16}|i.erd aérlrgn itlr.]Le an?éfri al
maintaining the surface property of the molded foam product while
independently controlling the heating conditions for the pair of
chambers and the cavity, as described in the eleventh aspect, the
surface property of one surface and the surface property .of the
other surface of the molded foam product contacting the set of
the dies can be controlled independently, which is 'preferable.

If the steam pressure and time are controlled as the héating
conditions, as described in the twelfth aspect, conventional steam
equipment which has been used at a'factory can be used, and
egquipment .for control can be constructed at low cost, which is
preferable.

If the material beads are polyolefine synthetic resin
material, as described in the thirteenth aspect, filling property
can be improved since the material itself is soft and has high
gas permeability, which makes it much easier to change the shape
of particles than material beads made of polystyrene synthetic
resin material having the same expansion ratio.

In accordance with the die-expanded molded foam product
according to the fourteenth aspect, the molded foam product has

a beautiful surface free from traces of core vents and core vent
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beads with steam In the second step, the drain valve DV4 is cl osed
while the drain valve DV3 is opened, and the utility valve SV3 is cl osed
while the utility valves Sv4, SV5 and SV6 are opened, which is t he
opposi.te of the first step, so that steamis supplied to the cavity 4 to
substitute the air anong the material beads with steam The second step,
however, nmay be omtted. In the third step, the drain valves DV3 and
Dv4 are closed, and steamis supplied to the cavity 4 for a predeterm ned
heating time, while controlling the utility valves SV3 - SV6 so that the
I nsi de ofhalless ,cihergfdérbecbesns priptaddet dsnpossti slean phesaitey; suntface,t he
mat eri al beads are heated, expanded and fused to nold inside the nol ded

f oam prodhdich is preferable. Such molded foam prod&fts can be easily

Since the surface portion of the nolded foam product and inside the nolded
f oam pr of@@ULESTUIE] Mi¥e e F@dkiing medhed Ipcaorsiing damone bé sheplteadht o
the chanbers 13 and 14 and the steamto be supplied to the cavity 4, it is
possi bl e "t $rdditean afPestiS-ace

If the internal fusion rate is lower than an equal heating
molded foam product having the same surface property setting as
described in the fifteenth aspect, heating, expanding and fusing
time during molding and cooling time can be decreased, and
productivity can be improved by decreasing the cycle time for
molding. Also both productivity and commercial value can be
implemented since the surface property can be sufficiently
maintained while setting the internal fusion rate low, without
dropping commercial value.

If the internal fusion rate is higher than an equal heating
molded foam product having the same surface property setting, as
described in the sixteenth aspect, the mechanical strength of the

_ molded foam product becomes higher, which is suitable when only
strength is required, and surface property of the molded foam
product is not. Such amolded foam product has a higher mechanical
strength since the internal fusion rate is higher than an equal
heating molded foam product having the same surface property
setting, and when this molded foam product is manufactured by a
molding method according to the tenth aspect, heating steam
pressure in the heating process can be set high only for the cavity,

and therefore the amount of steam to be used is less than the case
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property of the nolded foam product and the internal fusion rate of the
nol ded foam product i ndependently. I n accordance with the fusion
heating process with such a configuration, the heating of the surface
portion and heating inside the nolded foam product can be carried out

i ndependently, therefore in the case of a nolded foam product for which
mechani cal strength is not a najor requirenent, for exanple, the cycle
time of nolding can be decreased by keeping the internal fusion rate of

t he nol ded foam product |ow while nmaintaining sufficient surface property,
and as a ofmdldinmwtdan eqodlcheattingamdldednfieani prodattie arah energy can

i npl enment ed. The nol ded foam product nolded in this manner becones a
mol ded flersavediuct with a beautiful surface free fromtraces of core
vents and core vent holes on the outer surface. In this nolded foam
product, the surface property can be set equivalent to an equal heating
nol ded foam product manufactured based on conventional nol ding technol ogy,
whereas the internal fusion rate can be set |ower or higher than that of

t he equal heating nolded foam product with the above surface property. In
other words, in the case of the conventional nolding nethod, where the
surface and the inside of the material beads are heated under the sane

51
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conditions during the heating, expanding and fusing of the nmaterial beads,
if the internal fusion rate of the nolded foam product is set |ow, gaps 6
are formed at the boundaries of the beads 5A inside the nolded foam
product, and dents 7 are formed on the surface portion of the nolded foam
product, as shown in Fig. 10 (a), whereas in the case of the nolding

nmet hod according to the present invention where the surface and the inside
can be heated independently, only the internal fusion rate can be set |ow
so that a beautiful nolded foam product having a snooth surface wth

al nost nogglent Bs CBdimdy® beoyndari es of the beads 5B on the surface of the

nol ded foam product can be inplenented, although gaps 6 are forned at the
boundari es of the beads 5A inside the nolded foam product, as shown in
Fig. 10 (b). Setting the internal fusion rate |ow can be suitably applied
to nol ded foam pr odumeshoficfonfiidhihggiatserial bepdspiron ai ma tenball denkut
mechani cal strength is not a nmajor requirenent, such as a decorative form
for the ste hxavibty comprased off atget ofvdresi whereinathe cayidyhbatformed
insulating material , and setting the internal fusion rate high can be

sui tably %95&{1 ¢ tho lBd @@ 1o 8k Sieau‘ﬂ%hf@?mﬁ% dippeged qn dhe mpaw not
a mgjor requirenent but high nechanical stren i or for nolded foam
product s %r esReGEiNe LY n AYehe fiddt{ghtly é—%@ﬂ%@@ﬂ%&aﬁgﬁﬁﬂm

for variq onponent s for ut Qnobi | es _and_ret.urnabl e .cont ai pers.

present i ting‘ﬁ material esF g?l Wren§URBAigA 14 F@Il‘étl%‘f tYa?"’é‘é‘ | ded
foam pr %qéaﬂlr{b Q:h%oﬁpgggﬁi‘gdlﬁ h.;aa%% ca@gﬁ?’ t&ha‘?rblre%’eteﬁlne@ lmq.%%s

pressure with respect to the pressure in the material tank.

2. The method for fillingmaterial beads according to Claim
1, wherein the material beads are supplied to the cavity while
maintaining the pressure in said material tank in an atmospheric

pressure ~ 5.0 kg/cm’ range.

3. The method for fillingmaterial beads according toClaim
2, wherein the pressure in said cavity is maintained to be a
pressurized state which is less than minus 0.5 kg/cm? with respect
to the pressure in the material tank and the atmospheric pressure

or more.

4. The method for £illingmaterial beads according to Claim
2, wherein the pressure in said cavity is maintained to be a reduced
pressure state which is from the atmospheric pressure to minus

1.0 kg/cm?.
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52 foam products with a sinple shape, such as a container for

I nstant noodl es packaged in a cup. The present invention is particularly
useful for a nolded foam product having both thick and thin wall portions.
Now t he eval uation tests for the nolded foam ng nethod, including the
fusion heating process according to another enbodi ment descri bed above,
and the quality evaluation test for the nolded foam products manufactured
thereby will be expl ai ned. W nol ded naterial beads nade of

pol ypr opyl ene under the heating conditions shown in Table 1, and neasured
the surface property and internal fusion rate of the nolded foam products.
The surface property here was evaluated in five rankings according to the
frequency of oBeurr€hemethafefios diestexpardedingldedfqaningbérsyntisetigher
val ue indicates better surface property wth |ess frequency of occurrence
of dents 7eS¥hcagearding ke ongoihEdedmsn It he3evehereinntbe presisuseatms in
the cross-section when the nol ded foam product is split, and nore

concr et el §1EheavViLyYi $SoFehbr dReR BEBUS dePernPrldkEyCHeaEaR@Pent, regarding
a bead as not fused when the bead itself is not broken but has a crack

6. A method for die-expanded molded foaming of synthetic
resin comprising the steps of: filling material beads in a cavity
for molded foaming enclosed with a pair of dies with chambers
disposed on the rear sides respectively; heating, expanding and
fusing the material beads to‘be a molded foam body; and cooling,
releasing and taking out the molded foam body from the dies,
wherein the following processes are included;

a) a die closing process where the dies are closed to form
said cavity air tightly isolated from said chambers, and to form
utility passages directly connected to the cavity;

b) a filling process where the material beads are supplied
and filled into the cavity from the material tank by the method
for filling material beads according to one of Claims 1 ~ 5, and
at the same time heating steam is supplied to said chambers so
as to heat the entire dies around the chambers to a temperature
where the material beads do not expand;

c) an internal heating process where heating steam having
a temperature less than the fusing temperature of the material
beads is supplied to said cavity through the utility passages for

the cavity so as to heat the filled material beads, and at the
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along its surface, and regarding a bead as fused when the bead itself is

br oken. 53 Table 1
Heati ng condition Qual ity of nol ded kg/ cn? f oam pr oduct
Molding Utility cycle Case
chanbers Cavity 4 Surface Fusi on sec. 13, 14

property rate % 2. 5 2 10 130 A
3. 0 3. 0 2 50 210 B 3. 5
2 8 0 240 C 2. 5 3 10
150 saméd tinie, tondensgd Water is dgenerated dn @he face8 @f (the dieskt

3. 5 3 80 250 F 2. 5 4
10 eéndlésing theé caviity; and 3. 0 4 - 50 230
H 3. 5 4 8 0 260 I As the

result shows, dhe surffugionphesding process whesenheatingiskeamthawing a
nol ded foam product can be i ndependently controlled by controlling the

heat i ng cEAReTHHITS AT tthe diminn femperafiine of fhen datesiiady 9%ons

for the cavity 4 by steam
highé/r isy supplied to said chamber, so as to evaporate the

condensed water in said cavity and to progress expansion and fusion

of the material beads..

7. The method for die-expanded molded foaming of synthetic
resin according to Claim 6, wherein in said die closing process,
a die-expanded molded foaming apparatus is used, where slit shaped
openings opening to the cavity and/or openings opening to the
cavity near an accessory part to be attached to at least one of
the dies are formed along the joint of said pair of dies to be
the opening width which is the outer diameter size or less of a
material bead to be filled, and at the same time connecting
passages connecting the openings to external utility pipes are

disposed.

8. The method for die-expanded molded foaming of synthetic
resin according to Claim 7, wherein said accessory part is a

filling unit of material beads.

9. The method for die-expanded molded foaming of synthetic

resin according to one of Claims 6 ~ 8, wherein a returning-

-_—
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fromthe first openings 30a and 30b. Wth the conventional nolding nethod,
only nol ded foam products with a quality corresponding to cases B and F in
Tabl e 1 can be manufactured, but with the present invention, nolded foam

products corresponding to cases A - |, can be manufactured with various
conbi nati ons of surface properties and fusion rates, and flexibility of
nol ding consi derably expands. ' For exanple, a nol ded foam product
havi ng good surface property with a low internal fusion rate, as shown in
cases D and G can be nmanufactured. In such nolded foam products,

mechani cato-atmosphere process for releasing thd inside of said savetgtfram | ow
since the internal fusion rate is low, but the heating, expanding and

fusi ng tite apdeshurtgefli sjatentocan Etmekpherice dressupe odtateviory agan be
i ncreased while maintaining good surface property, therefore these nol ded
f oam pr ocehaugbnprpeesai tfay ywreducingr presgudef damideokrid taviemi die
mechanical strength is not a major requirement, such as a decorative frame
for the stfhaest ogn%?ﬂﬂ‘:bt%l,r drs taftded \hatwsgem sadt £iidddnghpuesgss and
insulating material._ In order to manufacture such a nol ded foam product

usi ng t he"ROMAIRTRFL PeRHRAPTRESBR: 250 sec. or more

10. A method for d.ie—expanded molded foaming of synthetic
resin, wherein heating conditions for a pair of chambers and a
cavity are controlled in a state where material beads made of
thermoplastic synthetic resin are filled in the cavity by the
£illing method according to one of Claims. 1 ~ 5, and the material
beads filled in the cavity are heated, expanded and fused while
controlling the internal fusion rate at will with maintaining the

surface property of the molded foam product.

11. The method for die-expanded molded foaming of synthetic
resin according to Claim 10, wherein the internal fusion rate is
controlled at will with maintaining the surface property of the
molded foam product while independently controlling the heating

conditions for the pair of chambers and the cavity.
12. The method for die-expanded molded foaming of synthetic

resin according to Claim 10 or Claim 11, wherein the steam pressure

and time are controlled as heating conditions.
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of cycle tine of nolding is required as case F shows, if products wth a
surface property evaluated at 3 or higher are regarded as non-defective,
but with the nol ding nmethod of the present invention, such a product can
be nol ded at 150 sec., 220 sec., 170 sec. and 230 sec. of cycle tine
respectively as cases D, E, G and H show, therefore productivity

I ncreases. Also the energy cost can be decreased since heating nore than
necessary is not carried out. Al so, nol ded foam products where the
internal fusion rate is set high and the surface property is set sonewhat
| ow, as shown 13.n @semé€thodrfdrediranrekpahdeddnolded foamimgief! syodietic
products, nechanical strength is high since the internal fusion rate is
hi gh, butessixpacdondingdtd onengf Cladmsntl ~cd2| iwheteire thematerbal besels,
steam pressure in the first openings 30a and 30b can be set Iow, and
product i v\ney nelyaiefinel synthetsigyresinmateminl e sufficiently increasing
the mechani cal strength, therefore these

55 nol ded foam products can be suitably used for nol ded foam

products for which surface property is not a major requirenent but .
mechani cal st riéhgt 1 f3e-exrandedmolgiad feampriosust ¥hich ippeLded using

material beads made of thermoplastic synthetic resin and has a

beautiful surface free from traces of core vents and core vent

holes.

15. The die-expanded molded foam product according to Claim

14, wherein the internal fusion rate is lower than an equal heating

molded foam product, having the same surface property setting,

.obtained by heating the surface and the inside under the same

conditions.

16. The die-expanded molded foam product according to Claim
14, wherein the internal fusion rate is higher than an equal
heating molded foam product having the same surface property
setting obtained by heating the surface and the inside under the

same heating conditions.
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conponents for autonobiles and returnable containers. In order to
manuf acture such a nol ded foam product using the conventional nolding
net hod, 250 sec. or nore of cycle tinme of nolding is required, as case F
shows, if products with a fusion rate of 80 are regarded as non-defective,
but with the nol ding nethod of the present invention, such a product can
be nolded with 240 sec. of <cycle tinme, as case C shows, therefore
productivity increases. Also energy cost can be decreased by |owering the
steam pressure in the chanbers 13 and 14, since steampressure in the
chanmbers 13 and 14 can be gBSTRACT OFHHEMISEpoOstage F, whereas 3.0
kg/cmerr] for case C In accordance with the nmethod for filling
mat eri al beads according to the first aspect, the chanbers and the cavity
are air tightly isolated, that is, a nolded foam ng apparatus to be used
does not have y&ig ROhed ﬁﬂd@&&%&h@aﬁ?&r&fﬁﬁ%&r@ﬂﬂ chBfibe®aVi8lard) the
dies, therefore the problens caused when formng the vent hol es can be
f undanment®d | irsidpealierft lfidong at Bevireyed | alre FRadfed Wi eheUbéht Z€8des of
differential pressure between the material tank and the cavity, can be
easi |y caa rsed afitdims &ljamst i hEdhenol@iass & enadfdddef oami pradudtanlscaras t he
cavity. If the material beads are supplied to the cavity while
‘mai nt ai nity supply esach cuthlity fikeddi as ainkand steamnmtoplrlve cavity 4
56

through first openings 30 independently from the chambers 13 and

14, various problems created when forming vent holes are
fundamentally solved, and at the same time dispersion of filling
density to be caused by not forming vent holes is prevented by
supplying the material beads to the cavity 4 while maintaining
the pressure in the cavity 4 at a predetermined minus pressure
with respect to the pressure in the material tank using the first

openings 30.
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pressure - 5.0 kg/cnR range, as described in the second aspect, filling
density becones relatively uniformin the plane portions, the side face
portions or even in the narrow portions of the cavity, by conpressing and
decreasing the capacity of the material beads in the cavity to be an
opti nmum outer dianmeter (capacity). If the pressure in the cavity is
mai ntained to be a pressured state, Wi €48 s an atnospheric pressure nore
and less than minus 0.5 kg/cn2 with respect to the pressure in the

mat eri al tank, ds%cribed in the third aspect, the material beads can be
filled uniforéE@é;h the cavity or narrow portions of the filling
passages by setting the flow velocity of the carrier air flowto be
optimum which is pgeferabls. If the pressure in the cavity is

mai ntained in a redgced pﬁassure state, which is fromthe atnospheric
pressure to a mnust¢ 1.0 kgRen®, as described in the fourth aspect,
pressure only in te cavite i s reduced for the material beads which do not
need conpression d decrgdasing capacity, so it is easy to maintain a

negative pressure sgateZdurfng filling, and filling density bgcone@
uniformin the plar@ p | gBs or the side face portions or ev injthe
narrow portions of Rhe l?;;avigy, whi ch is preferable. In a ance
with the nethod for gge gxp ng?d nol ded foaming of synthetipg Fe _
according to the sik spefte—just like the filling methodsadcopdi & to
the first aspect, th&chdnb eand the cavity are air tigQtlyyis ed,
that is, the nolded f& n ; "\ ;
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apparatus to be used does not have vent holes for connecting the

57 chanbers and the cavity in the dies, and steamand air are
supplied  to or exhausted fromthe cavity, not through vent hol es but
through wutility passages directly connected to the cavity, therefore the
above nentioned probl ens caused when form ng the vent holes can be
fundanental | y sol ved. Since the pg¥q@ al beads are filled by a
filling nethod according to one of the first to fifth aspects in the
filling pr S; |II|ng can easily be uniformby adjusting the pressure
of the materiaPtank and the cavity.. Also the utility field can be
supplied to the cavity and the chanbers independently, therefore
preheating of the dies can be operated with supplying heating steamto the
chanbers separately fromthe filling operation, which is preferable.

In accordance with the nmethod for die-expanded nol ded foam ng according to
Claim7, the core vent attachnment holes can be conpletely elimnated,

t herefore the manufacturing cost can be gﬁfigjsed by constituting the dies

thin, and control accuracy of such utili uid as steam e i nproved.
< STEAM

Since the operation
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for form ng core vent attachnent holes and the operation for attaching
core vents are decreased or elimnated, productivity of the dies can be

i nproved,” and t he mai ntenance operation required for the clogging of vent
hol es by scal es can be decreased or elimnated. The openings formed at
such positions do not drop beauty in appearance of the nol ded foam

product, and such utility 3/18 58

fluid as steam can be supplied to the cavity uniformy, whichis

pr ef er abl e. I;l If the accessory part is the material beads filling unit,
as descri bed e eighth aspect, a drop in appearance of the nolded foam

product can be pre nted sEphce traces of the openings are not outstanding.
If the returning-t@<atnospfere process for releasing the inside of the
cavity froma pressuri zed ate to an atnospheric pressure state or for

t he exhaust process. for re@lcing the pressure inside the cavity and
exhausting the air fnsigde added between the filling process and the
internal heating pt@ces as described in the ninth aspect, the residual
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particles, which will be a problemduring fusion in the after process, is
decreased and the uniformty inside the nolded foam body is inproved.

In accordance with the nmethod for di e-expanded nol ded foam ng of synthetic
resin according to the tenth aspect, steamcan be supplied to the pair of
chanbers and the cavity independently, and the heating conditions for the
respective spaces can be adjusted i nddpei@ntly, which nmakes it possible
to decrease the, cycle tinme of nolding while keeping the internal fusion
rate of the nETl pl4oam product |ow, and to manufacture nol ded foam

products with a B€autiful surface as well, and consequently both
productivity and ebnmer ci val ue can be i npl enent ed.
59 = SinCe the chanbers and the cavity are formed in an

air tightly isol & ed staﬁé, heating conditions for these three spaces can
be nore accuratefy set, &hd the above nentioned probl ens caused when

formng vent hol e can_be® undanental |y sol ved. | f th%zintggnal
fusion rate is com'rolﬁedzt will with = ~—
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mai ntai ning the surface property of the nolded foam product while

i ndependently controlling the heating conditions for the pair of chanbers
and the cavity, as described in the eleventh aspect, the surface property
of one surface and the surface property of the other surface of the nol ded
f oam product contacting the set of the dies can be controlled _

i ndependently, which is preferable. 5/1F the steampressure and tine
are controlled as the heating conditions, as described in the twelfth
aspect, conve ionggEstean1 equi pnent whi ch has been used at a factory can
be used, and éﬂgi nt for control can be constructed at |ow cost, which
is preferable. If the material beads are polyolefine synthetic resin
material, as described in the thirteenth aspect, filling property can be

i mproved since the material itself is soft and has high gas perneability,
whi ch nmakes it nuch easier to change the shape of particles than materi al
beads made of pol ystyrene synthetic resin material having the sane
expansion rati o. In accordance with the di e-expanded nol ded foam
product according to the fourteenth aspect, the nolded foam product has a
beautiful surface free fromtraces of core vents and core vent
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hol es, therefore clean printing is possible on the outer surface, whichis
preferable. Such nol ded foam products can be easily manufactured by a
npl di ng nmethod according to one of the tenth - thirteen aspects. | f
the internal fusion rate is |ower than an equal heating nolded foam
product having the sane surface property setting as described in the
fifteenth aspect, heating, expanding agd/ff@ing tine during nolding and
cooling tine can be decreased, and productivity can be inproved by

decr easi ng 5gﬁégyg§e time for nolding. Also both productivity and

commer ci al *can be inplenented since the surface property can be
sufficiently maintained while setting the internal fusion rate | ow,

wi t hout droppi ng epmrerci at val ue. If the internal fusion rate is

hi gher than an equéﬂ heatin nol ded foam product having the sane surface
property setting, descrigdbed in the sixteenth aspect, the nechani cal
strength of the ded foqﬂ1product becones hi gher, which is suitable when
only strength is qui red,mand surface property of the nolded foam

product is not. Sucli a Eol d&d foam product has a hi gher nechanégalgn

Dv2

1
20
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strength since the 8nte naIEf usion rate is higher than an equak h i ng
nol ded foam productd haw? <?he sane surface property setting en
t hi s nol ded foam preduct uys nuf actured by a nol di ng et hod ding to
the tenth aspect, heatingrs{essm pressdre in the heating prbte ancde set
high only for the C%Et)f/ dclherede t he ambunt of steam Ted is
| ess than the case w\X N QL
N = 9 2
N “ a 3 75 %
o~ - N 7
Y — Y Lk Y \\ A (7]
(>_) Y/ \ l‘>< g
4 e \ 4
Sl /
[S—t-pt
w T p % ‘j
o <
>
>
@ N a
N\
\
=
a ﬁ \ -'-_: L SLeLa ] ..’;_
o~ : o |/ |/ -
>\>}_.._< ¢ d ‘7\m N
» N IR
%4-—-‘ l?-) |/ b j
A" = o | /] inl
{ K { / Al | \
W_ DAMMMANNNYN
-— Y=Y i ¢
S 8|
(&

N
41

i
SV6
N

23



and ener gy

heati ng nol ded foam product,

61

of nol di ng an equal

can

be saved.
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Fig. 7
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62 What |s Cained Is: _ 1. - Anethod for filling
material beads froma material tank to a cavity conprised of a set of

di es, whetein the cavity is formed enclosed with a pair of dies with
chanmbers di sposed on the rear sides respectively, and is air tightly

i sol ated fromsaid chanbers, then the material beads are supplied to said
cavity while nmaintaining the pressuregi aid cavity to a predeterm ned-
m nus pressure with respect to the pr§§§a§e in the material tank.

2. The net §df (ﬁgfill ing material beads according to Caim 1, wherein
the materi al sare supplied to the cavity while maintaining the
pressure in said material tank in an atnospheric pressure - 5.0 kg/cnR
range.
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3 The nmethod for filling material

beads according to Claim 2, wherein

the pressure in said cavity is maintained to be a pressurized state which

is less than minus 0.5 kg/cnm2 with respect

tank and the atnospheric pressure

filling materi al

cavity is maintained to be a reduced
at nospheri c pressure to m nus
1Jl]
for die-expanded nol ded foam ng of synthetic
In said cavity is set’
A nmet hod for die-expanded nol ded

63 | 111JIC

1.0
111 Il

Claims 1 - 3, %ﬁ&g ﬁyn t he pressure
5.0 kg/cnferr ange 6.

foam ng of synthetic

in a cavity

or nore.

kg/ c

1111

to the pressure in the materi al

4. The net hod for

beads according to Gaim 2, wherein the pressure in said
pggsfyre state which is fromthe

5. The net hod

resin conprising the steps of: filling materi al
(A)JEXAMPLE OF (B)EXAMPLE OF PROCESS OF
CONVENTIONAL PROCESS PRESENT INVENTION
DIE CLOSING ) DIE CLOSING
y y
FILLING ©) FILLING
\L === J _______ 1
EXHAUSTING ! {
\L (2a) i EXHAUSTING i
| . |
VS.EXHAUSTING b l _______ ]
ONE-SIDE HEATING
\L (3) | INTERNAL HEATING
OPPOSITE-SIDE
HEATING l
MAIN HEATING (4) | FUSION HEATING
COOLING (5) COOLING
DIE OPENING, @ | DIE OPENING,
MOLD RELEASING MOLD RELEASING
DRYING
AFTER PROCESS o AFTER PROCESS
(E.G.PRINTING) (E.G.PRINTING)

resin according to one of
inamnus 1.0 -

beads



for nol ded foam ng enclosed with a pair of dies with chanbers disposed on
the rear sides respectively; heating, expanding and fusing the materi al
beads to be a nol ded foam body; and cooling, releasing and taking out the
nol ded foam body fromthe dies, wherein the follow ng processes are

i ncl uded; a) a die closing process where the dies are closed to
form sald cavity air tightly |solated1q¥y1§ajd chanbers, and to form
utility passages directly connected to t cavity; b) a filling

process where t t beads are supplied and filled into the cavity
E‘ié‘amy t

fromthe materi he method for filling material beads according
to one of O ains - 5 and at the sane tine heating steamis supplied to
sai d chanbers so as to heat the entire dies around the chanbers to a

tenperature where the material beads do not expand; c) an internal

heati ng process where heating steam having a tenperature |less than the
fusing tenperature of the nmaterial beads is supplied to said cavity
through the utility passages for the ciy Sy so as to heat the filled
materi al beads, and at the 64 11111111
111111 1121111212112112 * C L M

7 5A 7

(b)
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sane time, condensed water is generated on the faces of the dies enclosing
the cavity; and d) a fusion heating process where heating steam
having a *tenperature at the fusion tenperature of the naterial beads or

hi gher is supplied to said chanber, so as to evaporate the condensed water
in saild cavity and to progress expansion and fusion of the material beads.
7. The nmet hod for die-expanded nol degyf i ing of synthetic resin
according to Claim6, wherein in said die closing process, a die-expanded
nol ded foaqﬁa aﬁFIratus is used, where slit shaped openings opening to
the cavity ggor peni ngs opening to the cavity near an accessory part to
be attached to at | east one of the dies are fornmed along the joint of said
pair of dies to be the opening width which is the outer dianeter size or

|l ess of a material bead to be filled, and at the sanme time connecting
passages connecting the openings to external utility pipes are disposed.

8. The nmethod for die-expanded nol ded foam ng of synthetic resin
according to Claim7, wherein said; accessory part is a filling unit of

mat eri al beads. 9. The nkt hod for die-expanded nol ded foam ng of
synthetic resin according to one Xf ikpyns -.ﬁOEFMerein a returning-
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to- at nosphere process for releasing the inside of said cavity from the
pressuri zed state to an atnospheric pressure state or an exhaust process
for reducing pressure inside said cavity to exhaust internal air is added
between said filling process and the internal heating process. 10.
A net hod for die-expanded nol ded foami ng of synthetic resin, wherein
heating conditions for a pair of chanbq2s/48 a cavity are controlled in a
state where nmaterial beads nade of thernoplastic synthetic resin are
filled in thfpavi by the filling nethod according to one of Clains 1 -
5, and the matéPlal  beads filled in the cavity are heated, expanded and
fused while controlling the internal fusion rate at wll w th maintaining
the surface property of the nol ded foam product. 11. The net hod
for di e-expanded nol ded foam ng of synthetic resin according to Cl aim 10,
wherein the internal fusion rate is controlled at will w th maintaining
the surface property of the nolded foam product while independently
controlling the heating conditions forlQ®dQ6ir of chanbers and the
cavity. 12. The nethod for die-Axpanded nol ded foam ng of
synthetic resin according to Caim110 gf\C aim 11, wherein the steam
pressure and tine are controhled as h ilng condy ti ons.
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13. The nmethod for die-expanded nol ded foam ng of synthetic resin
according to one of Cainms 1 - 12, wherein the material beads are

pol yol efine synthetic resin nmaterial. : 14. A di e- expanded nol ded

f oam product which is nolded using naterial beads made of thernoplastic
synthetic resin and has a beautiful surface free fromtraces of core vents
and core vent holes. 15. The di e- expanded nol ded foam product
according to Caim 14, wherein the internal fusion rate is |lower than an
equal heating nolded foam product, having the sanme surface property
setting, obtained by heating the sur@ﬁ9q3and the inside under the sane
condi ti ons. 16. The di e- expanded nol ded foam product according to
Claim 14, ggiggigﬁghe internal fusion rate is higher than an equal
heati ng nol de ‘0 product having the sanme surface property setting
obt ai ned by heating the surface and the inside under the sanme heating
condi tions.
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