APPARATUS AND METHOD FOR DI E- EXPANDED MOLDED FOAM NG OF SYNTHETI C RESI N
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention The present

i nventioh relates to a di e-expanded nol ded foanm ng apparatus for form ng
mol ded foam products using material beads made of thernoplastic synthetic
resin, such as pol yol ef i ne and pol ystyrene, and a nethod therefor. 2.
Descrlption of the Related Art As a die-expanded nol ded foam ng appar at‘us
for manufacturing nol ded foam products using nmaterial- beads nmade of
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As a die-expanded molded foaming apparatus for manufacturing
molded foam products using material beads made of thermoplastic
synthetic resin, an apparatus shown in Fig. 10 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 the 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 104 or exhausted from the cavity 104 through the vent holes.
In the structure of this case, upper utility ports 107 and 108
for supplying heating steam are disposed at the upper part of the
respective chambers 102 and 103, and the lower utility ports 109
and 110 connected to a pressure reducing pump and a drain pipe
are disposed at the lower part of the respective chambers 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 dies 100 and 101, a core vent 111, which is a cylindrical
body with a cap having an outer diameter of 7-12 mm where a
plurality of vent holes 105 and 106, which are approx. 0.5 mmg
round holes or approx. 0.5 mm width slits, are opened, is embedded
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approx. 0.5 mwidth slits, are opened, is enbedded 1 in the
respective core vent attachnent holes 112, which are opened at a 20-50 mm
pictch_in the dies 100 and 101, as illustrated in Fig. 11 and Fig. 12. Using
such a di e-expanded nol ded foam ng apparatus, pre- expanded material beads
are filled into the cavity 104, are heated with the heating steamfor

foam ng and fusing, are cooled and solidified, and then taken out as a

nol ded foam body in a predeterm ned shape, and the role of the vent hol es
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In the Japanese Patent Laid-Open No. 57-174223, the process
drawing shown in Fig. 13 is included, wherein (a)-(d) depict the
pre-heat 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. 13, a black valve
symbol indicates that the value 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 toputility
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. 1In 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
and exhausted through the vent holes 105 and 106 formed in the
dies on both sides.

(c) is a one-side preheating process, wherein the bottom
utility ports 109 and 110 are closed and steam is supplied from
the top utility port 108 of one chamber 103, which is in a



102 and 103 is increased to be a plus pressure by steam so that steam
enters anong the material beads through the vent holes 105 and 106. (b) is
a bot h-side exhaust process, wherein the top utility ports 107 and 108 are
ckFosed, and the vacuum ng and pressure reducing operation is continued to
reduce pressure inside the dies so that air existing in spaces anong the
mat eri al beads is sucked and exhausted through the vent holes 105 and 106
formed in the dies on both sides. (c) is a one-side preheating process,
wherein the bottomutility ports 109 and 110 are cl osed and steami s
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much as pofssteéanr, 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.

The vent holes formed in the dies in this manner play an
important role as exhaust passages of the air among the material
beads or as supply passages of heating steam for obtaining a
homogeneous molded foam body, but on the other hand, the following
problems have also been recognized.

(1) In order to compensate for strength which is decreased
by opening many core vent attachment holes in the dies, the wall
thickness of a die made of aluminum alloy material must be 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



(e) isa heating process for fusion, wherein steamfor heating for fusion is
supplied to both of the chanbers 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 conplete foam ng, and
to nutually fuse the material beads to formthe nol ded foam body. The vent
holes forned in the dies in this nmanner play an inportant role as exhaust
passages of the air anong the material beads or as supply passages of
heati ng steam for obtaining a honogeneous nol ded foam body, but on the
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the appearance of the molded foam product, and when the outer

surface is printed; traces of core vents and vent holes become

the cause of dropping print'ing quality.

(5) After molding, the molded foam product is cooled down
by spraying cooling water into the chambers, and at this time
moisture infiltrates into the cavity through the vent holes,
resulting in the molded foam product containing 6-10% water inside,
which makes a drying process necessary. Also the cooling water
must be controlled to be a clean state to obtain a clean molded
foam product, since the cooling water directly contacts 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 equal heating molded
foam product) changes 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, but 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



(3) Vent holes are clogged by e.g. scales, causing heat failure, nold _
rel easing failure, and cooling failure, which nmakes a nmai ntenance operation
necessary, such as replacing core vents or periodic cleaning by high
pressure cleaning water. (4) Traces of core vents and vent holes remain on
the surface of the nolded foam product, which causes a drop in the beauty
of the appearance of the nol ded foam product, and when the outer surface is
printed, traces of core vents and vent hol es becone the cause of dropping
printing quality. (5) After nolding, the nolded foam product is cool ed down
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a bead as fused when the bead itself is broken.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
for die-expanded molded foaming of synthetic resin and die-
expanded molded foam products so as to adjust the internal fusion
rate of the molded foam product while improving the beauty in
appearance of the molded foam product, and to implement both
productivity and commercial value.

A first aspect of the present invention is a die-expanded
molded foaming apparatus of synthetic resin, wherein the first
openings opening to a cavity are formed in a molding section of
a set of dies for molding a molded foam product, which is to mold
a non-outstanding portion of the molded foam product, and
connecting passages for connecting the first openings and external
utility pipes are disposed.

In accordance with this molded foaming apparatus, material
beads made of thermoplastic synthetic resin material are filled
in the cavity enclosed by the set of the dies, and in this state,
the material beads are heated, expanded and fused by supplying
heating steam into the cavity, but traces of the first openings
do not drop the beauty in appearance of the molded foam product
since the first openings are formed only in a molding section of



time becone | onger, which nakes the general cycle tine of nolding |onger,
decreasing productivity. For the above reasons, in the above nentioned
nmol di ng technol ogy, the fusion rate of beads of a nol ded foam product is 4
set to e.g. 40-80%so as to inprove surface property to insure beauty in
appearance and to insure nmechanical strength by setting a sufficiently high
fusion rate, however the fusion rate nust be set high enough to insure
beauty in appearance even for a nol ded foam product which does not demand
hi gh nechani cal strength, therefore cycle tine for nolding increases and
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's adie- ﬁggérlaf 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.

A second aspect of the invention is the molded foam apparatus,
wherein chambers independent from the cavity are formed on the
rear side of both of the above mentioned dies, and these chambers
and the cavity are connected to utility pipes as separate systems.

In accordance with this molded foaming apparatus, the two
chambers at the rear side of the dies are constructed in an
independent space from the cavity, and respective heating
conditions can be adjusted independently, which allows adjusting
the temperatures of the set of the dies independently by steam
to be supplied to the two chambers so as to adjust the surface
property of the molded foam product contacting the dies, and to
adjust the fusion rate of the material beads independently from
the surface property by heating, expanding and fusing the material
beads filled in the cavity by steam to be supplied to the cavity.
This makes it possible to manufacture a molded foam product with
a beautiful surface while keeping the internal fusion rate of the
molded foam product low to decrease the cycle time of molding,
and to implement both productivity and commercial value. Also
the cavity and the chambers are not connected by the £first opening,
which prevents coocling water sprayed in the chambers at cooling



nol ded foam ng apparatus of synthetic resin, wherein the first openings
opening to a cavity are forned in a nolding section of a set of dies for
nol di ng a nol ded foam product, which is to nold a non-outstanding portion
of the nol ded foam product, and connecting passages for connecting the
first openings and external utility pipes are disposed. In accordance wth
this nol ded foam ng apparatus, material beads nmade of thernoplastic
synthetic resin material are filled in the cavity encl osed by the set of
the dies, and in this state, the material beads are heated, expanded and
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to this structure, € number of cgre gvent attachment holes to

be formed in the dies can be minimized or eliminated, which makes
it possible to constitute the dies to be thin, decreasing
manufacturing cost, and improving the control accuracy of utility
fluid, such as steam. Also operations for forming core vent
attachment holes and core vent attachment operations are decreased
or eliminated, which makes it possible to improve the productivity
of the dies, and to decrease or eliminate the maintenance ocperation
required due to the clogging of the vent holes by scales. Also
the traces of the core vents and vent holes to be formed on the
molded foam product are decreased or eliminated, which further
improves the beauty in appearance of the molded foam products.

It is preferable that the connecting passages for connecting
the first openings in a slit shape and the external utility pipes
are formed from the cavity side to the outside, along the joint
of the dies, which is a fourth aspect of the present invention,
or the first openings are formed near the joint of the set of the
dies, which is a £ifth aspect of the present invention. 1In other
words, the joint of the dies is normally formed at the outer edge
of the molded foam product, so forming the first openings in such
a location is preferable since steam can be supplied evenly in
the cavity.

A sixth aspect of the present invention is the molded foaming
apparatus wherein the above utility passages are formed at a
location which does not include the joint of the dies, and the
first openings formed near the joint are opened to these utility



perneability, which nmakes it nuch easier to change the shape of particles
than material beads nade of polystyrene synthetic resin material having the
sanme expansion ratio. A second aspect of the invention is the nol ded foam
appar,atus, wherein chanbers independent fromthe cavity are forned on the
rear side of both of the above nentioned dies, and these chanbers and the
cavity are connected to utility pipes as separate systens. |In accordance
with this nol ded foam ng apparatus, the two chanbers at the rear side of
the dies are constructed in an independent space fromthe cavity, and
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is at least one of a material beads filling unit and an ejector
pin, which is an eighth aspect of the present invention. 1In other
words, traces of the end faces of the filling unit and the ejector
pin are always formed on the surface of the molded foam product,
and forming the first openings near the filling unit or the ejector
pin makes the trace of the first openings non-outstanding, and
prevents deterioration of the appearance of the molded foam
product.

A ninth aspect of the present invention is the molded foaming
apparatus, wherein a plurality of the first openings are formed
and divided into two groups, so that the utility fluid can be
supplied from the first openings of one group to the first openings
of the other group via the cavity. The steam may be supplied and
exhausted by connecting independent utility pipes to each one of
the first openings, but since a large number of the first openings
must be formed to supply steam evenly into the cavity, it is
preferable to divide the first openings into two groups, so as
to supply the utility fluid from the first openings of one group
to the first openings of the other group via the cavity. This
is preferable, particularly because operation to substitute air
among the material beads filled in the cavity with steam or
operation of heating the material beads can be carried out quickly.

A tenth aspect of the present invention is the molded foaming
apparatus, wherein second openings opening to a portion where the
flow of the utility fluid becomes non-uniform in the cavity, are



of the noisture content of the nolded foam product. The cooling water
not directly contact the nolded foam product, which makes it possible

obtain a' clean nol ded foam product w thout strictly controlling the cooling

water to be a clean state. Athird aspect of the present invention is

nol déd f oam ng appar at us,
formed in a slit shape along the joint of the set of the dies.

this structure, the nunmber of core vent attachnent holes to be forned
the dies can be mnimzed or elimnated, which makes it possible to
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A twelfth aspect of the present invention is the molded
foaming apparatus, wherein a pair of the first openings in a slit
shape are formed, and when the space between the first openings
is 100mm or more, the second openings are formed on a surface of
the die at the intermediate position of the first openings. When
the space between the first openings is wide, the flow resistance
of the utility £fluid increases which makes the flow of the utility
fluid non-uniform, so it is preferable to form the second openings
in such a location.

The thirteenth aspect of the present invention is the molded
foaming apparatus, wherein the second openings and the first
cpenings are connected to the utility pipes as different systems.
It is also possible to connect the first openings and the second
openings to the utility pipe as a same system, but separate systems
make it possible, for example, to first £ill the material beads
into the concave portion, where filling the material beads is
difficult, so as to control the filling density of the material
beads to be even, which makes it possible to manufacture molded
foam products with better quality.

A fourteenth aspect of the present invention is the molded
foaming apparatus, wherein the width of the opening of the first
openings and the second openings are set to the outer diameter

th t t is n I orned at the outer e of the
Sk on 6 A | pchon Concave ATar., WhICH A8 BR | s



the cavity. A sixth aspect of the present invention is the nolded foam ng
apparatus wherein the above utility passages are formed at a |ocation which
does not include the joint of the dies, and the first openi ngs forned near
the joint are opened to these utility 7 passages. If the first openings
are forned so as to include the joint of the dies, then the joint portion
is worn out by the steam which enters into the cavity fromthe joint
portion, so, to prevent this, it is preferable to formthe first openings
at a location which does not include the joint. A seventh aspect of the

present i ﬁh‘ajas;siscmf gsnatﬁaﬂ:irall ?@h i:ahais' P FRar qtfugae% wﬁltaiﬁg iﬁaﬁﬁ?gf’%@%
openi ngs are,forned in ortion which is exposed to
a(e c essgr yO%a?kfe :'trfé:hgﬂat geg?n QR{LINES SxoeRe GhesouteR JisEetsreCficRessory

part is amatensal dreadyf themuisridl beads fidwiciur v thewhvaryetRebaghpi n,

ich i ' : t . t i tioQ Ln ot her words races
of the eniip SRt 86 oft At PSR obREERD o p'th: G IndR iy et or mec
on the suk®akke futere digingderf camlpssdoft o matlefvaki bgadhe first openings
near the filliQgiMiderfth HW3DBEEEOLLA @é%‘%‘ﬁ rfa i3 eti%f thinb1484

openi ngs non-out st andi ng, and prevents I on"o e appear ance of
the nol detPFBLRE pRRRREAtUSY Whereimsjdie Birsheoperings and cthé ose¢end he

mol ded f ogémh g RafeifoTmedh Bl s ol 1 A i tap1cddtA of bpehiREEPbAREnG €

formed element to the dies. Since such a utility fluid as heating steam
flows through the openings, the abrasion of the openings is
inevitable. Therefore a replaceable opening forming element may
be disposed at the dies so that the opening forming element can
be replaced when the openings are worn out.

A sixteenth aspect of the present invention is a method for
die-expanded molded foaming of synthetic resin, wherein using the
die-expanded molded foaming apparatus of synthetic resin
according to one of the first to fifteenth aspects where the
chambers independent from the cavity are formed on the rear side
of the set of dies respectively so as to supply steam as the utility
fluid independently to the cavity and both chambers, the heating
conditions for both of the chambers and the heating conditions
for the cavity are controlled in a state where material beads made
of thermoplastic synthetic resin are filled in the cavity, 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.

In accordance with this molded foaming method, wherein the
heating conditions in the cavity and a set of the chambers are
independently controlled, the surface property of the molded foam
product contacting the dies can be adjusted by adjusting the
temperature of the set of the dies independently by the steam to
be supplied to the two chambers, and the fusion rate of the material
beads can be adjusted independently from the surface property by
heating, expanding and fusing the material beads filled in the
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and divided into two groups, so that the utility fluid can be supplied from
the first openings of one group to the first openings of the other group
via the cavity. The steam may be supplied and exhausted by connecting
i ndependent utility pipes to each one of the first openings, but since a
| arge nunber of the first openings nust be forned to supply steam evenly
into the cavity, it is preferable to divide the first openings into two
groups, so as to supply the utility fluid fromthe first openings of one
group to the first openings of the other group via the cavity. This is
pr ef er abl eavpayt be Wiy |s§tebﬁcﬁblsk§é %lﬁ@'bitiﬁﬁntb Otlsdiksiviittyl.e Bhis ?ﬁ?&% tie )
mat eri al beads iil e%_in t he vity with steam aqr_.operation o eating the
mat eri al BSSHEP gn{% & é'leﬁis&d%@%utc}éﬂieciﬂlg %ff@atq}n%ﬁgéhegfe??@%r%np
i nvent i oningerhalmfhdédnf catengfaphe aialiedvhiEsam npsedwet] dowi agd Qeeni ng
to a portj fd Lty flui -uniformin the
cavi ty, anaiptaBtfcl ibyaedtin hBabbly yiokn o WeduniF TS YsRRba Bk v T
connect i ngopReqseBbhy dpdhi mprdunt ividyexard ngomuertiay piales acendibsposed.
In a portijggiuwhengedhe flow of the utility fluid is non-uniform a density
unevenness In filling the material beads and heating and cooling
non- uni f or i t yAi Se¥RRtePEr @RPecdo oft the preferbbleventian ma ife Meddedd
openi ngs Eef mtert ﬁmteamin?plwt}@mnea@uﬁtaﬁw Btﬁhﬁﬁe]ic }Eikﬁt;éﬁrﬁiﬂ ; l%_&t@h a
portion. A.ROSS exa e of a portion ere e ow of e utility
Fluid becHEaRaAnte 4 BFpups naoRie TRLFFAGE ESIOREAKS 1F SonfetLefk
concave aatawikl wdrthemlaimtaining the surface property of the molded foam
product, while independently controlling the four heating
conditions, that is, the heating conditions for the cavity and
the heating conditions for both of the chambers for these two
groups. Heating conditions for the set of the chambers may be
controlled together, but it is preferable to control the
respective chambers independently since the surface property of
a surface at one die side and the surface property of a surface
at the other die side of the molded foam product can be controlled
independently.
An eighteenth aspect of the present invention is a method
for molded foaming, wherein the steam pressure and 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 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.

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 drawing of Fig. 1;

Fig. 3 is a general structural drawing of a die-expanded
molded foaming apparatus having another configuration;
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the dies, and in this case, it is preferable to formthe second openings in
the inner part of such a concave area, which is an eleventh aspect of the
present invention. A twelfth aspect of the present invention is the nol ded
foam ng apparatus, wherein a pair of the first openings in a slit shape are
forned, and when the space between the first openings is 100mm or nore, the
second openings are forned on a surface of the die at the intermediate
position of the first openings. Wen the space between the first openings
is wide, the flow resistance of the utility fluid increases which nakes the

flow of the utFiglysfisig %:gef&!l T lctfd dx%vﬁhn%f %rfa@ %uteo aRdee

second open n such a tion. The thirtee aspect of present
|nvent|oﬁm?iggaekﬂim%ﬁﬁl?Qgﬁﬁ ’%ﬁﬁ@ﬁ@ﬂU§n°WﬁéFéPﬁnfh€u§é§bﬂﬂ:open|ngs and
the first openFbgs Ehﬂ;QﬂﬂnapkﬁﬁﬁbafbhglwhbhlbﬁeﬂlBQZF?% duffergnt sys;ggs.
It is also po le_tp connect the first openjngs an e secon open
to !the util Pt ;ﬁlgbe akS & SERE AL (UG é@epﬂ'ﬁag{l@gs &mdiggesppnded
possi bl e, m@bdeéxﬁmqungtapﬁanaﬂusfMawlhbeamnthbr?rohemdﬁraﬁiOnEPe concavF
ortion, wher | 1 t s 1S difficul as to._c ro
Itohe filling den tleo %eg% eri a ]%" g’ra\l &¥d08n Ofv\ﬁ %ﬁenﬁﬁcé’? ﬁf’%
possi bl e m%ﬂ%%%uﬁQﬁmlnsaannaﬁﬁiuﬁoanwpngdaopihwrthobﬁigeraquam:ty A t
fourteenth as ide; yaRaY | | q ARRAr at us,
ge%dt o {4 1 éfl:‘iﬁ %:tt'e 1 S ngPl¢e g gme al 8 g

wherein the of the o eni ng rst openirngs and the ec n

openi ngs Bekdedit ?QW%Q&&%Hﬂﬁﬁﬁt&ﬁaﬁéVéﬂggaHOther Conflguratlon,

Fig. 9 1is drawings depicting the surface property and
internal fusion rate of a molded foam product; and

Figs. 10-13 are drawings related to prior art, wherein Fig.
10 is a general structural drawing of a die-expanded molded foaming
apparatus, Fig. 11 is a longitudinal section of an area near a
core vent, Fig. 12 is a plan view of core vents, and Fig. 13 is
a drawing depicting a method for molding a molded foam body.

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, pressure 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.

As a raw material of the material beads 5, a raw material
having characteristics suitable for e.g. the working conditions
of the molded foam product to be manufactured is selected, where
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or less of a material bead to be filled. If the width of the opening of the
first and second openings exceed the outer diameter of a material bead, the
mat eri al beads flow out of the cavity through the openings, so the w dth of
t he gpening of both openings is set to the outer dianeter or less of a
material bead. A fifteenth aspect of the present invention is the nol ded
foam ng apparatus, wherein the first openings and the second openings are
formed by disposing a repl aceabl e opening forning elenment to the dies.
Since such a utility fluid as heating steamfl ows through the openings, the

abr asi on pélystyperei sgathetioeesah emad&eref Orpoﬁyéﬂéfﬂﬁéalﬁbﬁtﬁlé%&bng
ssot the o i ng form ng
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h Polymen cof i e miitelide fresidi eadepdaliedcanl deduseani ng o

T

synthetic resin a\m@; ing to one ?’h ?I Fs S eent aspects where

t he chanb®@RAngeIefehdeft ﬂmmt%tmh \thdised¢pemdsl conthaeawematsirdalof the

set of digs tiRSRAELEYS] bhes28 . | TP te B L3R BFe té?i%eu&flﬁﬁé’ %ltgfrgal

i ndependently to the cavity and both chanbers, fhe heat I ng conditions for
bot hpof £ B %MWS&Q f BRI TeDS FHRtRBREF Hasia méteﬁ@lca%nltqn flmes,

control | embl_'eﬂ m:e?ﬂeﬁa’bl\yher eonﬁmés alideafsames aﬁdth@rﬁﬁ?:cﬁ?e: %ffﬁlgégg'\f/: f
grezl Reg{ 2‘%“;‘{%13%%3885 %éj ql?t c?%ﬂ?‘[rrg%ﬁ]?enablcf F@sﬁﬂt’@‘?‘l%lafhs?oﬂor ate Y
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I'n accor an,tﬁof@iﬁe%ﬁﬁiyfgémﬁ% L Qs PR eL D tI«Qg"cerial 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.
The first chamber 13 and the second chamber 14 are connected
to a steam supply pipe 15 and an air supply pipe 16 respectively
via utility valves SV1 and SV2 and switching valves SWV1 and SWV2,
and at the same time, are connected to a drain pipe 17 and a pressure
reducing pipe 18 with a vacuum pump 19 respectively via drain
valves DV1 and DV2 and switching valves SWV3 and SWV4. In 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.
The first characteristic configuration of the present
invention is that the first openings 30 opening to the cavity 4
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heating conditions in the cavity and a set of the chanbers are

I ndependently controlled, the surface property of the nol ded foam product
contacting the dies can be adjusted by adjusting the tenperature of the set
of the dies independently by the steamto be supplied to the two chanbers,
and the fusion rate of the material beads can be adjusted independently
fromthe surface property by heating, expanding and fusing the materi al
beads filled in the 10 cavity by the steamto be supplied to the cavity.
This makes it possible to decrease the cycle tinme of nolding while keeping

the interagk foEman indhndfaiif sBRLE8H fORMAMIAYCEHs 1 cBRE dfe rgaaﬂgact ure
nol ded for@_géprodu ts.with a beautiful surface as well, consequently both
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property 6ispbeedplsiedhhbasuqin actudti, tyv\blhfdianjemeademdi)cdnmﬁdf tstﬁlddl ag_rt he |
f heat | [ 4 ' 2 af J itions [ e,cavity an
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but 11t 1 svareésrabl. e, aall behihngal feR ST My £NAUHP Sh1kRASRENIENGLY ST nCe
t he surfag&ﬂo&?“y of a surface at one die side and the surface property

of a surf
The position for forming the first openings 30 can basically

be cldssified 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.

First the type forming 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 examples.

(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 the
chambers 13 and 14 is also embraced in the present invention.
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at the other die side of the nolded foam product can be controlled

I ndependently. An eighteenth aspect of the present invention is a nethod
for nol ded foanming, wherein the steampressure and tine are controlled as
heating conditions. It is also possible to control the steamtenperature as
a heating condition but controlling the steam pressure and tine is
preferabl e, since conventional steam equi pnent which has been used at a
factory can be used, and equi pnent for control can be constructed at | ow
cost. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a general structural

drawing of a dire- a¥pepdescaDLden N BBoREPWoRUFurkition? ithet dbové
of 2 di o SBAIRRARA HiARes ognARg SRpAvartl teih e AdthreL6h: hearShfon: 11
Fig. 4 isprogeserel tiematerindl Beads socad ba dirriedontidd e dellldébwanyng
T ow of - ooeded 1Y (78 MR SPpnipdratonr alingthr SSEEfckhEiie
nol ded f ocenventigralatventhaeileg.anot her configuration; Fig. 7 is a general
Shor e cont | o S rRpdies GEPARCAUBL LRt JAAR P RREEpD i e
di e- expantk®l RBVaEH foahs nGLlappalyt et gb¥nFEeREFiBgnRLAFSAGEnand
exhausting from the first opening 30a or the first opening 30D,
then steam for preheating is directly supplied to the cavity 4
in the same manner, and in the fusion heating process} steam at
fusing temperature is directly supplied from the first 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 and 30b at the cavity 4 side must be formed to be
the size of the ocuter diameter of a material bead 5 to be filled,
which is 1-10 mmg 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 0.1-0.5 mm 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.

For the internal pipes 32a and 32b, using copper pipes with
4-15 mmg is appropriate.

Fig. 1 shows two sets of connecting passages, that is, a
single connecting passage comprised of the first opening 30a, the
inter-die passage 31a and the internal pipe 32a, and another single
connecting passage comprised of the first opening 30b, the
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Fig. 9 is drawings depicting the surface property and internal fusion rate
of a nol ded foam product; and Figs. 10-13 are drawings related to prior

art, wherein Fig. 10 is a general structural draw ng of a die-expanded

nol ded foam ng apparatus, Fig. 11 is a longitudinal section of an area near
a core vent, Fig. 12 is a plan view of core vents, and Fig. 13 is a draw ng
depicting a nethod for nolding a nol ded foam body. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Enbodi nents of the present invention will now be
described with reference to the acconpanying drawings. As Fig. 1 and Fig. 2

show, a dintexpandeshsedged1b0ant NtheaRRRERhHS F16099,SBAL KO Predicht? and
a cavity die P N ge or&hi gg di spos%lci:(;r@gosi te eachlﬁ(;teheer, beads

filling né&ﬁ%gﬁs% %%h?‘?ﬁge%rﬁgtﬁaﬁ Hyeblts Bspecs thrgeor ppre &ts of or ned
by the cooe di eiRghndser\ddry b ged actbedingr esz%frég%%:a;ﬁim@;%@sfofgff
gﬁggf'ypgggfégrsr@%‘g%%?‘%%ﬁ ﬁg%hf%cqa%v;g%é&ﬁ% ! ’gtszzm supply nmeans for heating
the materi al bléhgs Bpliurhdityof hhectidsy o@ehn%inglsemr}a;nwffﬁmaad:mgaa?gam
rodugt . o5 e Aitet SPPRIngPaRE e S0y T Fang 8, 18 e Br et e AR ) ng
char act er FRt48pags ttd1s ©Peaingsgorpesi twradaly oddvedi atoblse afoitie ofottled f oam
product t@i&e IMaidf 8CIoELEed DS thBCLEbsNETE dbd at POLY YpPditis ¥alietic
resin matgp%llé gaoxlnytojlr e‘{ .I n%hcsayjn.teng%:ﬂcof 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,

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.

(I) 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 dorp, the 8-12 mm wall thickness of a
conventional aluminum alloy die can be decreased to a 4-8 mm wall
thickness, and as a result, heat capacity decreases, heat
efficiency for heating/cooling improves, temperature control
accuracy improves, and material cost can be decreased.

(II) since drilling 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.

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

(IV) Since traces of core vents and vent holes do not remain
on the surface of the product, appearance quality improves and
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resin materials, such as pol yethyl ene and pol ypropyl ene, and a copol yner of
these synthetic resin materials can be used. The expansion ratio of the
material beds 5 is preferably in a range of 3-150 tines, although this
depends on the raw nmaterial of the material beads 5. Concretely, in the
case of the material beads nmade of polystyrene synthetic resin material,
3-100 tines, nore preferably 3-80 tines, is suitable, and in the case of
the material beads nade of polyolefine synthetic resin material, 3-90

ti mes, norepreferabl y3-60tines, is suitable. Forparticlesize, 1-10 nmm nore
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inprovingsPFVPﬂng property, because the raw material itself is soft and has

hi gh gas per meab) |gince wobTingaieter hs8HCH @RS &SolihFPRrBLEsE s ape of
particles tggn gﬁterial beads, made of pol ystyrene synthetic resin _materi al
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supplied from the utility pipes act on one of the chambers, then

act on the material beads via the vent holes, whereas in this

invention, where utility passages for the cavity 4 are separated

and are independent from the chambers 13 and 14, such utility fluid

as pressurizing air, steam, pressure 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
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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 CVv2. The first characteristic configuration of
the present invention is that the first openings 30 opening to the cavity 4
13 are formed in a nolding section for nolding of the core die 2 and the
cavity die 3 which is to nold a non-outstanding portion of the nolded foam
product, and connecting passages for connecting the first openings 30 to

the external utility pipes 15-18 are disposed, so that such utility fluid
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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 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 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.

In accordance with the molded foaming apparatus 1A shown in
Fig. 3, the utility fluid can be operated during molding, just
like the die-expanded molded foaming apparatus 1, therefore all
the above mentioned advantages, (I)-(VI), are also available here,
and in addition, independent internal pipes 32a and 32b, which
would require piping working at manufacturing, are unnecessary,

18



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-di e 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 fornmed in the core die 2 and
the cavity die 3, so that the cavity 4 is air-tightly isolated fromboth of
t he chanbers 13 and 14 when the dies are closed, and at the sane tinme, the
first openings 30a and 30b which lead to the external utility pipes 15-18
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9 39a and 39b to the external utility pipes 15-18 are disposed, as
connecting passages for connecting the first openings 30c and 30d
to 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 3%9a and 39b and the internal
pPipes 40a and 40b. 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 foaming apparatus 1B,
conventional vent holes for connecting the cavity 4 and the
chambers 12 and 13 are not formed in the dies 2 and 3, and when
the dies are closed, the cavity 4 is formed air tightly isolated
from the chambers 12 and 13, and the first openings 30c and 30d
and the connecting passages for connecting these first openings
30c and 304 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 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.
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fusing tenperature is directly supplied fromthe first 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 and 30b at the cavity 4
side nust be fornmed to be the size of the outer dianmeter of a material bead
5to be filled, which is 1-10 mmjerr] or less, and in order to finish the
nol ded foam body nicely without flashes and burrs, the width of the opening
shoul d be as small as possible, but if the width of the opening is too
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fir openi ng 30b, the 15
the st Bgorm Yy on the entire surface of the dies as conventional types.

Also the abrasion of the first openings 30c and 30d by steam can
be easily prevented, which makes design more practical. In this
third type molded foaming apparatus 1B as well, it is possible
to form inter-die spaces between the joints of the left and right
frames 10, just like the second type molded foaming apparatus,
omitting the internal pipes 32a and 32b.

In the case shown in Fig. 4, the first openings 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 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 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 filling 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
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i nter-die passage 31b and the internal pipe 32b, but the present invention
s 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 nolded foam body to be
obtai.ned. Wien a plurality of the first openings 30 are fornmed, a pair of
the first openings 30a and 30b, for exanple, it is preferable to dispose
the openings opposite each other at the joint of the dies 2 and 3 | ocated
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
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along with the above described first openings 30a-30d, 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, anoptimumutility 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 £illing 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
accessory parts which are attachable to the dies, such as the
cooling water pipe fitting. As long as steam is supplied
uniformly into all the material beads 5 in the cavity 4, it is
unnecessary to form the 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 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-30d
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cooling failure caused by cloggi ng do not occur, such nmaintenance
operations as replacing core vents or periodic cleaning by high pressure

cl eaning water is conpletely unnecessary. (IV) Since traces of core vents
and vent holes do not remain on the surface of the product, appearance
quality inproves and 16 problems wth surface printing and seal |abeling
processes are solved. (V) Since cooling water used in the cooling process
does not enter the cavity, npoisture content in the nol ded foam product
decreases fromthe conventional 6-10%to 0.5-4% which nmakes a drying
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The second characteristic of the present invention is that
second openings 50 are formed in a portion of the above mentioned
dies 2 and 3 where the flow of the utility fluid becomes non-
uniform in the cavity, and the connecting passages for connecting
the second openings 50 and the external utility pipes are disposed
so that such utility fluid can be supplied or exhausted.

Portions where the flow of the utility fluid become non-
uniform are, for example, the inner parts of concave areas 51 and
52 when the concave areas 51 and 52 are formed in the dies 2 and
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 similar to
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 diameter size or less 6f amaterial bead 5 to be filled,
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
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When pressure in the cavity 4 is to be decreased, for exanple, pressure of
bot h chanbers nust 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 chanber. Since response is quicker than a conventional type,
operability is 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 independently, the tenperature of

the set of2&hendi ®2b 2 cnthay B dieeadiystefinbstegersand Yatfiaigapipdise by
steamto Eg_ggppl led to the two chanbers 13 and 14 so as to adjust the
p

surface p ty of the nol ded foam product contacting the dies 2 and 3,
and t he nat erisindeate feddmeopenimgs 6adidnd dohiadepahadnt b pondted tadd

f db | Lh | 17 4. .80.as 10 adjust the
fﬂzson ?la?%et(q)@ tg%ggﬁgégﬁﬂafrf%e\}a§§b§gi ﬁ%gjp%yﬁ5§nf?§m??§% Fﬁg %W?%@gr S
property.offttihe pakegvetarssassbbl and & 2nwhetfeadther ﬁlqwlaj‘ecﬂhéoambindtfdmﬂd\c/jvi ]E h a
b tiful Wik ' ' oam
pr oduct 1 20 taogBnPint Solie B a0 1) BpR2aLLHa: 98 il ufibuy 0B TRRAEC |
product i VFEBPERPE sinmRnashed alixe anfl pxEhaupt chentwpuyngng the chgigycond

type di e-expandgsh i ARAeRF ORI p2BBA1L2EUSH 1fhe ASa ¥ ORN AL HMD cRATHAEYS
Commee | i iirly $13R Pl £5h P U 8% 30l SR p i e Y
utility pPpetrafdiifg ’ P Y
via the second openings 50a and 50b according to the requirement,
Just like the cases of the above first openings 30a and 30b,
therefore the non-uniformity of the utility fluid can be solved.

In accordance with the die-expanded molded foaming apparatus
1C, as the configuration clearly shows, the following matters
become possible using the first openings 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 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 cavity 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
second areas 50a and 50b in the same manner so as to heat the
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l-nt er-di e passages 33a and 33b are fornmed 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 formed surrounded by the joint portion of the franes 10
when the dies are closed, as showmn in Fig. 3. Since the other structure is
the sane as the die-expanded nol ded foam ng apparatus 1, identical parts
are denoted by the sane reference characters for which a detail ed
description is omtted. In the die-expanded nol ded foam apparat us 1A,
conventional vent holes are not formed in the dies 2 and 3, and when the
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32b, whic require_pipi g at _manufacturin are unnecessary,
18 4a are disposed as shown 1n he 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 or 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 34a and 34b via the internal
pipe 56, or to connect to the internal pipes 32a and 32b, or to
connect to the utility pipes 15-18 via the utility valves, as shown
in the die-expanded molded forming apparatus 1E shown in Fig. 8.

A non-uniform flow of the utility fluid is apt to occur when
the space between the openings 30 and 50 for supplying or
exhausting the utility fluid becomes 100 mm 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 100 mm or more,
as shown in Fig. 2, the second copenings 50 may be formed at the
intermediate position of the first openings 30a and 30b, as shown
in Fig. 8. It is also preferable to form the second openings 50
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t herefore manufacturing cost of the nol ded foam ng apparatus is decreased
and mai nt enance is al so unnecessary. (3) In the third type di e-expanded

nol ded foam ng apparatus 1B, as shown in Fig. 4 and Fig. 5, the first
openi.ngs 30c and 30d opening to the cavity 4 are fornmed in the core die 2
near the joint of the core die 2 and the cavity die 3, connecting spaces
39a and 39b nmade of the passage formation elenent 38 fixed inside the core
die so as to surround the first openings 30c and 30d and the internal pipes
40a and 40b for connecting the connecting spaces 39a and 39b to the
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Also the required number of second openings 50 are formed
at a maximum of 100 mm spacing, which helps make the flow of the
utility fluid smooth, 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 length/thickness ratio, 20 or more
for example, density non-uniformity and foaming non-uniformity
in the flat portion at the center can be controlled.

Now a method for molding a molded foam product using the
molded foaming apparatus 1 shown in Fig. 1 will be explained.

The molding method is divided into three processes: a
filling process for filling the material beads 5 in the cavity
4, aheating process for heating, expanding and fusing the material
beads 5 filled in the cavity 4, and a cooling process for cooling
the molded foam product.

At first the filling processing for filling the material
beads 5 will be explained. '

In this process, the core die 2 and the cavity die 3 are closed,
at the same time the drain valves DV3 and DV4 are opened, air
supplied into the cavity 4 is exhausted outside the cavity 4
through the first openings 30a and 30b while supplying the material
beads 5 along with the flow of air from the filling unit 23 to
the cavity 4, and the material beads 5, are filled into the cavity
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may be formed directly in the core die 2, but in this case, the inner
surface may be worn out by the passing stean1 so it is preferable to form
core vent attachnment holes corresponding to the first openings 30c and 30d
and to attach renovabl e core vents just |like a conventional nolded foam ng
apparatus. 19 In accordance with the nol ded foam ng apparatus 1B shown
in Fig. 4 and Fig. 5, the utility fluid can be operated during nol di ng,

just like the die-expanded nol ded foam ng apparatus 1, therefore the above
menti oned advantages, (V) and (VlI), are also available here. Since the core
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31 and 32 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 31 and 32 for a preset
heating time while controlling the utility valves SV1 and SV2 so
that the inside of the chambers 31 and 32 become the preset steam
pressure, where the core die 2 and the cavity die 3 are heated,
and the material beads 5 contacting the core die 2 and the cavity
die 3 are expanded and fused so as to mold the surface part of
the molded foam product.

On the other hand, the process for heating the material beads
5 filled in the cavity 4 is carried out in parallel, and this
process is roughly divided into three.

In the first part of this process, the drain valve DV4 is
opened and the drain valve DV3 is closed at the same time, the
utility valves SV3, SV5 and SV6 are opened and the utility valve
5V4 is closed at the same time, and steam is supplied to the cavity
4 so as to substitute the air among the material beads 5 with steam.

In the second part of this process, the drain valve DV4 is
closed and the drain valve DV3 is opened at the same time, and
the utility valve SV3 is closed and the utility valves SvV4, SV5
and SV6 are opened at the same time, which is the opposite of the
first part of the process, and steam is supplied to the cavity
4 so as to substitute the air among the material beads 5 with steam.
The second part of this process, however, may be omitted.
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at the cavity die side in ternms of inproving the beauty of the nol ded foam
product. Now the case when the first openings 30 are fornmed near the
accessory parts, such as the filling unit 23 and the ejector pin 24, wll
be expl ai ned. Wien the first openings are fornmed near the accessory parts,
as shown 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
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 elenments 41, the

connectin as ; f | ly. i t gl 1ty
s 1558 ar orfore thidef phte OF iIPREBLERS. Yo MY Da1les 15 Yhid
t he out er D¥Re@ERt Slaged vand jatsithepsamegéinge sheamots oy Hed da Adecavity

4 are forpga¢idy 4henly o thBeproseetdiamAtisgedndZe a06ht€b111iMP the
respectlvelx .and the UtI|II i pes 15-18 are connected to the connecting
passages %5 3G 163175 { i3 u%/‘fqpl% that, dasids the eveltydt heqapes,they
requi red presstastepmeyr@sistirey nd athd natériabdubedds Prageubeatedyci ng
Soa 0d.  prPHARet ale. FEREEcfp dhel e R o L0 e corBP ERAUEE achi eved
by di sposi ng the fhisiwaypebhagsur¥arepdr3@bnadHithenmphdad Tthapesiodycthe
LSt OPeBhadnd0Rghe ¥ erld rolaBaCEBRAChEobCE! SRR Y HhdpehntentE"! NOS
heated by the steam to be supplied to the chambers 31 and 32 and
the steam to be supplied to the cavity 4, therefore the surface
property of the molded foam product and the internal fusicn rate
of the molded foam product can be independently adjusted.
In the next cooling process, the cooling water valves CV1
and CV2 are opened and cooling water is sprayed from the nozzle
24 into the core die 2 and the cavity die 3 so as to cool the molded
foam product inside the cavity 4 via the core die 2 and the cavity
die 3. Since air vents, such as core vents and core vent holes,
are not formed in the core die 2 and the cavity die 3, the molded
foam product is cooled without contacting the cooling water.
Therefore moisture content of the molded foam product is only the
steam which was liquefied and drained from the cavity 4, and the
content can be 1/5-1/10 that of the conventional molding method.
After cooling, the dies 2 and 3 are opened and the molded
foam product is taken out from the dies using the ejector pin 24.
With this molding method, heating of the surface portion and
heating inside the molded foam product can be carried out
independently in the heating process, 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.
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It is also preferable to dispose the first openings 30e and 30f near the
tip of the filling unit 23 and the ejector pin 24 along with the above
described first openings 30a-30d, as shown in Fig. 1, Fig. 3 and Fig. 4,
and f.ormindependent passages connecting the respective first openings 30
to the external utility pipes 15-18. In this case, the first opening 30
whi ch 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 the demanded

qual ity and lth'!Ehé midid fda&n ptoaest meh aeReimth 8 nﬁg??%u%%cumtl I |I? ?%g%?:??glny
and stop ytili d as a consequence, an o
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the case shdwore Vemt Hglé‘s ®n handultieg. sﬂrfhbg fllgsttlﬂmeﬂidlﬁt %d396aﬁ\22 30f
are dispo n nit and t ector pin

but theppﬁgggﬁ? [ n%/ﬁ;%tsltdgir% e hggp?}élgr(f%f c? E? t FAYLHRD frﬂ:lé‘int Bgaél o)
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to form t he¥ehrelkigher Mlab}é%t:ﬂ?f Me@aém%aﬁmg mlﬁBﬂIﬁQfgn prpflugs and

the ej ectwitR4helaboReseF£a6¢ Hhrfpdrity .M 1 1510 1RGNWdgas308n Aih %%fsecaf@ be

tted, ere the fir sBOe and 30f are forned appropriate
gfr:ncordl ng %cé’ngenttﬁé’ngbra%‘gl‘g‘fnqgﬁé thefdsthearsathprotface an @%FE@HdGThe

first opeof ripe B8teBial Xikads are heated under the same conditions during
the heating, expanding and fusing of the material beads, if the
internal fusion rate of the molded foam product is set low, gaps
6 are formed at the boundaries of the beads 5A inside the molded
foam product, and dents 7 are formed on the surface portion of
the molded foam product, as shown in Fig. 9 (a). whereas in the
case of the molding method according to the present invention where
the surface and the inside can be heated independently, only the
internal fusion rate can be 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
inFig. 9 (b). Settingthe 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 of 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
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may be formed as dedi cated openi ngs 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 ejector pin 24 are forned at the cavity die 3
sirde,s but if the outer surface side (cavity die 3 side) of the nolded 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 ternms of inproving
t he beauty of the nol ded foam product. The second characteristic of the
present invention is that second openings 50 are fornmed in a portion of the

above Menebengiadiofiofaddde it frldies K of diipadl ot 1l BgeqTes

non- uniformin the cavit connecti ng passages ing the
second opERNREned £7H Hﬁ%t%% arordlen ingekagadhdn & cul spFhed presendt such

utility flhinventesnhe pa@ﬂiwphﬂy @xBFu3t £k apﬂéia@@%o%%fo&éi@t fh'a%n@f the
utility f# gg gﬁcgﬁe %g un|f rmare, for exanple, the inner parts Of
concave aP® @ Ot PRSar eas 51 and 52 are formed in the
dies 2 and 3, ngwshDMMeva&&atnodiﬁasxsftoﬁﬂthd|abo&%ﬂh@htﬂ@hbHO&th1h di es
2 and 3, t be other portjons as
second op@%ﬁé‘g\g&g @é{hgal%’ %%a%hgﬁéanrsﬁae\r%q g?r %geé't?ﬁ\f{ﬁd ‘6 Ipré’gﬁé?t%nt s
or slit shapefadtwred ‘tstmmmeﬂ@ml beukexpladnelder case, the width of the
openi ng at theygaybide | sty u |§g§ e esg of a
material bead 5 to be 41 [ﬁé%l SO E%% I?f%e&otﬁgl %l toﬁ&l%h? ugdﬁk %ﬁfa
material BRAWIBY gandifpans mhoxecdid Tapdse dgsagg mﬁésﬂ@ﬁﬁe@hensunéacencave
portions piopertpand 6 t226@NdraBEBhNPSLE0SF Ak FR FURE R bPoducts.
The surface property here was evaluated in five rankings

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

9 (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 head 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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t.he inner parts of the concave areas 51 and 52 are forned, as shown in the
di e- expanded nol ded foam ng apparatus 1Cin Fig. 6, where the second

openi ng
and the
and to t

50a is connected to the internal pipe 32a via the internal
second opening 50b is connected to the independent internal
he utility pipes 15- 18 via the utility valve SV7. The second

p

pe 53,

pi pe 54

openi ngs 50a and 50b may be connected to the utility pipes 15-18 via the

i nt er nal

pi pes 22 32a and 32b, or

may be directly connected to the

utility pipes 15-18. Since the second openings 50a and 50b i ndependently

connecte

drdwid he external utility pipes 15-18 are fornmed in the inner

parts

of the concave areas 51 and 52 where the fIOM/of the utility fluid becone

non- uni f[or N OpET y of steam supply pf
conpressed alr, é?igﬁﬁﬁﬁﬁ gﬁé éﬂgﬁe cavity 4, or|the adjustnent
of pressure—inths ﬁﬂ"'fy 4 Lsﬂ arge ﬁM@bdinmn'the cavity 4,
can be darriidd toyut |ndepende econd opeﬁY%h% Sga &£3§e50b
accor di ngchambaesr|eGavieyeat | Iﬁ§§£¥¥ élggses of®Che apove first
openi ngy 303. ahd ﬂOb therefo on- uni ornity of the utility flpid can
be sol ved: tagce th—thedie ed—nptded; foamng—apparat us 1C
as the donfiguratilon I'p§rl y th‘\z thnLl owing n'zi'?"g pr‘m{g possi bl e
using tHe f3rsO openi 8gs030a and B0b and thé secpnd2obéhi ngs 50 and| 50b,
i nst ead |of the convenglogal venfﬁdeés, I ngighe npl dedy fppam) ng net hod| wher e
t he abovenentton pgc-gxﬁﬁﬁucu 3 10 150 D
3. 5 3. 0 3 50 220 E
3. b5 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 conditions of the chambers
13 and 14 and the heating conditions of the cavity 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 Band F in Table 1 can be manufactured, but with the present
invention, molded foam products corresponding 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
strength is low since the internal fusion rate is low, but the
expanding and fusing time and the cooling time can be decreased,
and productivity can be increased while maintaining good surface
property, therefore these molded foam products can be suitably

used for molded foam products for which mechanical strength is
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material beads 5 are filled in the cavity 4, pressure is reduced and
exhaust ed, the beads are heated, expanded, and fused by the heating steam

t hen cool ed down and solidified, and are taken out as a nol ded foam body
made -of the predeternined expandabl e synthetic resin. For exanple, at
exhausting wth reducing pressure, after pressure inside the cavity is
directly reduced by exhausting wth reducing pressure fromone or both of
the first openings 30a and 30b, and steam for preheating is then directly
supplied in the same manner, and at this tine, if necessary, non-uniformty

of the ut hbitta/m_BHHEQ:égﬂxitﬂéglegggcﬁY& ak %eé&rﬁgv%%rﬁﬁl@ £ BRb %%S%fg&eusi ng

the second _openi ngs 50a_an . For heating a usi ng, steamat fusing
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4 from onmaterhaib OIdn tdsnméhr'r rsg rﬁ&&ﬂiﬂ'dlﬁ&u@%lxﬁjm @gr%ﬂdé_dt ff%taﬁla@%oﬁa%ge;,r eas
and steam.i upplied to the concaye area n usin e seco

50a and ghﬁi{lﬁ 2 CORYERTARRE 'E%f%’anal 't 2@82%90' OFFPFR L FHELE heat
cannot eatiing ofaudldigreliy begatiead ds wadd @ %hbab,opﬁr;bﬂgﬁB Jcﬁﬂﬁwaﬁﬂ E?103 I n
this casegybkal I t t_all, of_ di an can eat e
fromthe ?gg?akgcg)g%%f%zgppﬁ%at{% ?gqt‘}i r(geld is.‘? §5§¥f rag:r% tﬂ%gaclf'fi%%eff 13
and 14 i f npBcdefeeyivenehuthevirobieopmiidigy Soethod Fb the poesedtin the
mol ded f oRfE@RPAGRL Usudi & MWaUSE Bhl: ba mbiGea L ETTHY JUPES 290 L8E.

170 sec. and 230 sec. of cycle 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
molded foam products can be suitably used for molded foam products
for which surface property is not a major requirement but
mechanical strength is, such as molded foam products for various
components for automobiles and returnable containers. 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 fusion rate of 80
is regarded as non-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 a 3.5 kg/cm’ for case F, whereas 3.0 kg/cm?

for case C.
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connecting the second openings 50a and 50b and the inter-die spaces 34a are
di sposed as shown in the di e-expanded nol ded foam ng apparatus 1D in Fig.

7, for €xanple. In this case, at |east 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 enbodinment, in addition to

t he above nenti oned advant ages, nol ding operation tinme can be decreased
because at heating or cooling for nolding, the inter-di e passages 33a and
33b, which are parts of the dies 2 and 3 where heat capacity is relatively

| arge, and theIrPﬁEF?PﬂéﬁEe@vrl‘%ﬁ %ﬁfi‘@-éﬁ%&ﬁa@dﬁﬁ%ﬁ%&n f%%%@tu%a” be
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openi ngs HPesBlopendn@Rdas hdtharsp the'Behatl! SvappearBcRE lt'ﬁ'eflﬁémieéo as
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pi pes 15-d&ctricn dfe the ldiky WRL¥BSis aso IWMD d hohheutstafdpagdssrobaed

formng a yiat us in Fi 8. Anon-uniformflow of the utility
fluidis ‘gg kf% nbc]c]%ds\%or?&q‘ d%’g&:e bet ween t he openi ngs 30 and 50 for
suppl yi ng or eIdhahambagsumelelmeIIﬂdleny fitom dhbexondy 16 ammedr omthe, rear when a

pair of t£'f fsbo‘EB (#] ﬁ%sang's gél%w %e%.' :°t o8k saécc}xﬁeagggg-‘é' gna

posi tions o e peri area, he cavi f he space
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2, the segpnd &engfsfé&mmmbssfwg@ﬁpé tbhﬁahﬁ‘fﬁéf‘%é% foR@8ht £#&amOf the
first openings 30a and as .shown in Fi Is al so preferable to
formthe @é@gﬁg ¥, gﬁl qxl&eafyd:iqul surface while decreasing the cycle time
of molding, and to implement both productivity and commercial
value. Also it is possible to prevent the moisture content of
the molded foam product from increasing by contacting cooling
water, and to obtain a clean molded form product without strictly
controlling the cooling water to be in a clean state.

If the first openings are formed in a slit shape along the
joint of the set of the dies as described in the third aspect,
it is possible that the number of core vent attachment holes can
be minimized or eliminated, which makes it possible to constitute
the dies to be thin, decreasing manufacturing cost, improving
control accuracy, and improving the productivity of the dies, and
it is also possible to decrease or eliminate the maintenance
operation required for the clogging of vent holes by scales, and
to further improve the beauty in appearance of the molded foam
product since the traces of the core vents and vent holes to be
formed on the molded foam product are decreased or eliminated.

If the comnnecting passage connecting the first openings in
a slit shape and the external utility pipes are formed from the
cavity side to the ocoutside along the joint of the dies, as described
in the fourth aspect, or if the first openings are formed near
the joint of the set of the dies, as described in the fifth aspect,
either are preferable since steam can be supplied uniformly into
the cavity.
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such that the distance between the first opening 30 and the second opening
50 and the di stance between the second openings 50 becone 100 nm or | ess.

I n accordance with this enmbodinent, where a pair of the first openings 30a
and 30b are formed opposite each other, sandwi ching the cavity 4, utility
operation to supply such a utility fluid as steamfromone of the first
openings to the other first opening through the cavity, can be adopted, and
particularly, operation for substituting air anong the nmaterial beads 5
filled in the cavity 4 with steam and the operation for heating the

materi al beadsrH ﬂ%Qﬁlegﬁ‘%sﬁg%ﬁ%@ eonﬁéaoaéh& TSI wh! ﬁl o¥ls
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chape wCEE oS S BBReT aREREL R qY, £ngs 3§ TR Pt Aen Bt et f8s ty
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can be cont ol edneouiy GBLASHL oLAIA0 1 SRS GATR poluGhoiaing Lhe
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met hod i st@theqayitn of @ﬁrdf@%ﬂmnést #&uchl a8 agngtreguedsbéads Fillllliing t he

mat eri al bepg<ar |é3éc§t%r¢§\:f.ht)’a‘ﬂ]§aéll1@§a£bn§t pi&&@é%x{eo é“‘%g | ﬁg_esexgénd' ng

f |n the ri In the cavit a cool
and fus mai'e &e seventh and eighth aspects, a drop in appearance

Process fof the molded foam product can be prevented since traces of the
first openings are not outstanding.

If a plurality of the first openings are formed and divided
into two groups, as described in the ninth aspect, steam can be
evenly supplied to the cavity, and this is particularly preferable
because operation to substitute the air among the material beds
filled in the cavity with steam or operation of heating the
material beads can be carried out quickly.

If the second openings opening to a portion of the cavity
where the flow of the utility fluid becomes non-uniform, such as
at an inner part of a concave area and at intermediate positions
of the first openings, are formed in the dies, as described in
the tenth-twelfth aspects, the quality of the molded foam product
can be improved since the occurrence of density unevenness in
filling the material beads, and heating and cooling non-uniformity
can be controlled.

If the second openings and the first openings are connected
to the utility pipes as different systems, as described in the
thirteenth aspect, molded foam products with a higher quality can
be manufactured because such control as first filling the material
beads into a concave area where filling the material beads is
difficult so as to control the filling density of the material
beads to be even, can be possible.

If the replaceable opening forming element is disposed to
the dies, as described in the fifteenth aspect, the abrasion of
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t he nol ded foam product. At first the filling processing for filling the
material :beads 5 wll be explained. In this process, the core die 2 and the
cavity die 3 are closed, at the sane tinme the drain valves DV3 and DV4 are
opened, air supplied into the cavity 4 is exhausted outside the cavity 4
through the first openings 30a and 30b while supplying the material beads 5
along with the flow of air fromthe filling unit 23 to the cavity 4, and
the material beads 5, are filled into the cavity 25 4. Here, a crack,
whi ch is about 10% of the bottomwall thickness of the nol ded foam product,

be | r vity
ey be_| etha0Beae b} oot SRk EhE . £L00H N 060" Endl Sodonfidig
heat i ng pF’éBe§§ peeventedi al beads 5 filled in the cavity 4 by steamw | |
be explained % dddoraalo® wiiH Loy nthuese 1808 MRadH fioRRBAD A rY St ate

where the drain valves DV1 and DV2 are open and steamis supplied to"the
chanbers 8% S¥BtHBOti6 EeHin; ageerding &t ﬂ?ﬁ t Hex taenie @spPeCianaherein: h

steam Thheapingasenditidies €atrtas cawtt ﬁ; hd o thé nePbecess chbderishe
a

drain val ves and_.DV2_ are d .a t_the sa eam.i s pplied
fo the. chifbertdeBeBameL! St laa M he sign Ftmiats honARSERARY ¢ he
utility veetads &Ml e tal tindepehdenndydéroh tine solvafdiey spr3>;bea1tq 32
become t henpLeRflesSi €3Bssible to decrease the cycle time of molding while

keeping the internal fusion rate of the molded foam product low,

and to manufacture a beautiful molded foam product as well,
cdnsequently both productivity and commercial value can be
jmplemented.

If a plurality of first openings are divided into two groups
and four heating conditions, that is, the heating conditions for
the cavity and the heating conditions for both of the chambers
for these two groups are independently controlled, as described
in the seventeenth aspect, the surface property of a surface at
one side of the dies and the surface property of a surface at the
other side of the dies of the molded foam product can be
independently controlled, which expands flexibility in design for
the surface property of the molded foam product.

If steam pressure and time are controlled as heating
conditions, as described in the eighteenth aspect, it is
unnecessary to construct a new control system.
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pressure, where the core die 2 and the cavity die 3 are heated, and the
mat eri al beads 5 contacting the core die 2 and the cavity die 3 are
expanded' and fused so as to nold the surface part of the nol ded foam
product. On the other hand, the process for heating the material beads 5
filléd in the cavity 4 is carried out in parallel, and this process is
roughly divided into three. In the first part of this proiﬁaﬂE the drain

valve DV4 is opened and the drain valve DV3 is closed at Nw”m
utility valves SV3, SV5 and SV6 are opened and the utilit

cl osed at > ¢ steamis supplied to the cavity 4 so as to
substitute € air am)ng € material beads 5 with steam In the second
part of this process, the drain valve DV4 is closed and the drain valve DV3

s opened at {he SagPaléBxpdited ioiidd irntalbVBpSiRatss ORI che

utility val ves Sv4, SV5 and SV6 are opened he sane tinme, which is the
opposi te &PSife Vhezein firsh W1B9§c8§§n1%%ot%t"’e&ﬁa"f’%ys%%lﬁ%‘ecdo ihe
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e second,part .q | S.Qrocess, may be om e
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t he sane productt e conmeppinerassagbs foawdnnettimgytiofirhe omxeeiags

heat i ti t t SV3- SV6 t hat d
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the cavit econes’t pr ess , and the material beads 5
are heat ed, 2. The dle -expanded molded foaming apparatus of synthetic

resin according to Claim 1, wherein chambers independent from the
cavity are formed on the rear side of both of said dies, and these
chambers and the cavity are connected to the utility pipes as
separate systems.

3. The die-expanded molded foaming apparatus of synthetic
resin according to Claim 1 or Claim 2, wherein said first openings
are formed in a slit shape along the joint of the set of the dies.

4. The die-expanded molded foaming apparatus of synthetic
resin according to Claim 3, wherein the connecting passages for
connecting said first openings in a slit shape and the external
utility pipes are formed from the cavity side to the outside along
the joint of the dies.

5. The die-expanded molded foaming apparatus of synthetic
resin according to any one of Claims 1-4, wherein said first
openings are formed near the joint of the sét of the dies.

6. The die-expanded molded foaming apparatus of synthetic
resin according to Claim 5, wherein said utility passages are
formed at a location which does not include the joint of the dies,
and the first openings formed near the joint are opened to said
utility passages. '

7. The die-expanded molded foaming apparatus of synthetic
resin according to any one of Claims 1-6, wherein said first
openings are formed in a portion which is exposed to the cavity
of an accessory part attached to at least one of the dies.
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expanded and fused to nold inside the nolded foam product. In this way, the
surface ,portion of the nolded foam product and the inside of the nol ded

f oam product can be independently heated by the steamto be supplied to the
chanmbers 31 and 3 uﬁm mmlﬂsanIHio be supplied to the cavity 4, therefore
t he surface prope f oam product and the |nternal fusion
rate of the nol ded fo‘ém rddudt &an be independently adjusted. In the next
cool ing process, the cooI ing water valves CVl and CV2 are opened and
cooling water is sprayed fromthe nozzle 24 into the core die 2 and the

cavity die 3 sg, as i aﬁeLe&B&&aa%Qa%aaf%ﬁﬁﬂwabpheﬁwé JSyfighbtycs Via

the core die 2 and the cavity die 3. Since alr ven such as”core vents
and core TRHin ﬁ§P€§d1§96t°n%¥a¥‘6Fnéﬂlql?ﬁjtqﬁéaé@aé’c&lséoﬂ’aﬁ’ﬁ"i ke alaleastdie 3,

t he nol degné os¥n P rmptiests 418 b%%@'se@j.Wlﬁ_hguhniﬁ nhAgt 4N0e §Q@t&1@%irﬂ9 wat er .

Therefore noi sture ent of e nol.ded foam product is eam
whi ch was |i qu%f i edﬁhﬁhélarﬁﬁ‘ﬂ d %%R}H'?g 3pp§ﬁ6t’t1ﬁé’ilc\é¥?5?l?t%ﬁn be

1/5-1/ 10 tdésdin (ﬁcddtdmgnvemﬂpmle aﬁlmmnmﬁt-laodwhétéfn a:qﬂ.lmnag,ityhefdl es 2

and 3 ar e a [, O m t h es
using the Ig‘j@gg t 9 eﬁ ng\hq’% ?nﬁgpdgng dr?e‘fﬁ%go g}:o %f stqnghgtrface
portion atke hlé:aﬂllrtg fhgldecalh@ensunplllé@aﬁﬂqm ctdi@cficah Cmenﬂargﬁ of one

i ndepend &Ew?'{bvsgf‘e Eﬁ%'tng Qﬁﬁ §s50 ftﬂf—‘:lheé'&{é‘r It v‘l%s%hgf caviplded

f oam pr oduct rrecha |ca stre IS not” a requireneht, for
exanpl e, the cdRie ?h%léfem@@%“@d-ﬁe QRIS 3R 2B Rﬁéb‘-l ﬁgnf-hét%ﬁt er nal
fusion rat€soi ackera@hgeth hagoms @FUCI at My MY | fnEPEDH AdHoMA Spbhisgent
surface, PLOBEILY vt ip 38 fol Silde (B R1BLOGHOHAY ot 3N SRTTE Ebgbme ! Ue
non-uniform in the cavity is formed in said dies, and the

connecting passages for connecting said second openings and the
external utility pipes are disposed.

11. The die-expanded molded foaming apparatus of synthetic
resin according to Claim 10, wherein said second openings are
formed in the inner part of a concave area of the dies.

12. The die-expanded molded foaming apparatus of synthetic
resin according to Claim 10 or Claim 11, wherein a pair of said
first openings in a slit shape are formed, and when the space
between said first openings is 100 mm or more, said second openings
are formed on a surface of the die at the intermediate position
of the first openings.

13. The die-expanded molded foaming apparatus of synthetic
resin according to any one of Claims 9-12, wherein said second
openings and first openings are connected to the utility pipes
as different systems.

14. The die-expanded molded foaming apparatus of synthetic
resin according to any one of Claims 1-13, wherein the width of
the opening of said first openings and the second openings is set
to the outer diameter or less of a material bead to be filled.

15. The die-expanded molded foaming apparatus of synthetic
resin according to any one of Claims 1-14, wherein the first
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27 The nol ded foam product nolded in this manner becones a nol ded foam
product with a beautiful surface without traces of core vents and core vent
hol es on the outer surface. |In thisnotded—deam-product, the surface

property can be set equival ent to, ' nol ded f oam product
manuf act ured based on conventi onal mﬂmm l gl ogy, whereas the internal
fusion rate can be set |ower or higher tham that«of the equal heating

nol ded foam product with the above surface property. In other words, in the
case of the conventional nolding nmethod, where the surface and the inside

of the maggéhdhgde u : ﬂbg:r&gj 14QNS | h
heat i ng, eg nd?ﬁ aggd%?%srﬁéé&g?d_t ﬁgéﬁn%l?g?l g?ggea S, dff@hgglé’éé%:?% Igf
rate of tﬁ‘égﬂ%‘l’ ¢ RRAPIH FQrMing element §epsaddadaesor med at t he

boundaries of 1ée heamtnod EBg dfeidepdiidietholicRM BHAAYES of2R¢nEER 7 are
f or med he surface portion of fhe nolded foam product, as Shown in Fig.

9 (a), \CA)hn%ﬁg%’a%' i‘ﬂ‘eﬁ?é"ng 4sdng: the digsexnandiognpalded FAmAa 8PPREASHEEs ent
i nvent i onofreymdhtete cs mebdnecacooird iy ivesafe 6we dfe chaainsd] i 18lepREdeRhbY,

Foam prodipi AsHEBReRorEaN O Fabi S RES otirad npote Foam8Las™
boundar i ef Jthe sethefideheRlisms respeotivedyosfo tase toosdpply ceiregm aduthecan be
ol de { FotILEGY B0 SABSHERRERLLP (R tnd chphP AR BOLE Litlea s ERES
i nt ernal BeRYHE r%?%di%r{)?ftsanf‘b’é bathawfy thepl chanhersmanitdtioaheptbugct s
for whi chedn@itiond 86€ tHePB&Yi ¥y are controlled in a state where material
beads made of thermoplastic synthetic resin are filled in the
cavity, 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 foamed
product.

usi on

17. The method for die-expanded molded foaming of synthetic
resin according to Claim 16, wherein a plurality of the first
openings are divided into two groups, and the internal fusion rate
is controlled at will with maintaining the surface property of
the molded foam product, while independently controlling the four
heating conditions, that is, the heating conditions for the cavity
and the heating conditions for both of the chambers for these two
groups.

18. The method for die-éxpanded molded foaming method of
synthetic resin according to Claim 16 or Claim 17, wherein the
steam pressure and time are controlled as the heating conditions.
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i s demanded but nechanical strength is not a major requirenent, such as a
decorative formfor the surface of concrete, or the cover of a container
and heat insulating material, and setting the internal fusion rate high can
be suitably applied to nol ded foam products for which surface property is
not a major requirenment but high nechanical strength is, or for nolded foam
products which can withstand repeated use, such as nol ded foam products for
vari ous conponents for autonobiles and returnabl e containers. The present
invention is nore effective and useful for relatively |large nol ded foam
products w th a conplicat edygdigder o I8 for small nol ded foam
products with a sinple shape, such as a”con'arner or instant noodl es
packaged in a cup. The present invention is particularly useful for a

| ded f |
ol vt | o eSO £ QORI et LS
eval uat i oanfled ¢, f brdeprnden Y drdm savijitaddct erew: qrra@@m%cmme:e@;y sdidel be
expl ai nedorVie S8 deda{®s & hal Q%Fm@égngfammlwdowhﬁrﬁ&mﬁ% teAg-gheating

conditions shown in Table I, and measured the surface property and i nternal
fusi on r aPReBINgH3 G rRed3 0D ARG EP sthercavd vt A EapBee\ 2 e thes
eval uat edjoiinti &€ tiRNIGiRGS 2086@ 1 iakgat floldend rspranty on tRE Ca é £ 1NC @nalf

dents 7 s?o jn FEi 9 é where the higher val ue | cat ter
curtace prodiHdh iProrneld i B RE SERtoRE R, PROEEE WoLdS Bhm; o
rate product, wherein the first openings 30a and 30b are connected to
the external utility pipes 15-18 as different systems for the
chambers 13 and 14, via inter-die passages 31la and 31b and internal

pipes 32a and 32b, which are connecting passages, so as to supply
or exhaust such utility fluid as steam and compressed air to/from
the cavity 4 independently £from the chambers 13 and 14. Vent holes,
which are indispensable for dies of conventional molded foam
products, are omitted so that the manufacturing cost of the dies
is decreased, maintenance for the dies is simplified, control
accuracy of utility £fluid is improved, characteristics of the
molded foam products are improved, and quality of the molded foam
products is also improved.
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was based on the eval uation of beads status in the cross-section when the
nol ded foam product is split, and nore concretely, the ratio of broken
beads determ ned by neasurenent, regarding a bead as not fused when the
head itself is not broken but has a crack along its surface, and regarding
a bead as fused when the bead itself is broken. 29 Table 1 Heating

condition Quality of nolded kg/cnferr] f oam product
Mol ding Uility 1/12 cycle Case
chanbers Cavity 4 Surface Fusi on sec. 13, 14
property rate . 2 10 130 A3 0
3. 0 2 F’ig. } 50 210 B3 5 2 80
240 CcC2 5 31:4 10 150 D3 5 3. 0
3 50 20 5 E3 5 3 80 250
F2 5 4 2 10 A 170 G4. 0 3. 0 4
50 230 2 H 3. 5m 4 80 260 | As the
result shows, the syyface phoperty and the internal fusion rate of a nol ded
f oam product can bed nd enﬂently controll ed by controlling the heating
condi tions of the clé-)hnbgs & 7z, 2
&3]
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s |2 e
IV, 5
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13 and 14 and the heating conditions of the cavity 4 by steamfromthe
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 Table
1 can be nmanufactured, but with the present invention, nolded foam products
corresponding to cases A-1, can be manufactured wi th various conbi nations
of surface properties and fusion rates, and flexibility of nolding

consi derably expands. For exanple, a nplAed f oam product havi ng good
surface propaEt th a lowinternal fusion rate, as shown in cases D and
G can be mm éb I n such nol ded foam products, mechanical strength
is low since the |nternal fusion rate is low, but the expanding and fusing
time and the cooling time can be decreased, and productivity can be

i ncreased whil e maintaining good surface property, therefore these nol ded

f oam products can be suitably used for nol ded foam products for which

mechani cal strength is 30 not a nmmj or requirenent, such as a decorative
frame for the surface of concrete, or the cover of a container and heat
insulating material. In order to nanufactg K@ such a nol ded foam product
usi ng the conventional nol ding nethod, 25 or nore of . SW/E tinme of
nmolding is required as case F shows, if proqsgts wthas @éface rty
eval uated at 3 or higher are regarded as pon-defectfve]| but the
nmol di ng met hod of 58 Gﬁ)esent i nvention, $uch a proglucf can be | ded at
150 sec., 220 sgc. 30a{@)sec—and—230—sec ufﬁ@?‘ﬁ" e 1|WL~%WCOMRRI%5§EDAIR
cases D, E, 16
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G and H show, therefore productivity increases. Al so 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 somewhat | ow, as shown in case C, can be

manuf actured. In such nol ded foam products, nechanical strength is high
since the internal fusion rate is high, but expanding and fusing tinme and
cooling tinme can be decreased, steam pBg£3flre in the first openings 30a and
30b can be set |low, and productivity is inmproved and energy is saved while
sufficiently ipgrea®dng the nechanical strength, therefore these nol ded

f oam product s bé suitahly used for nolded foam products for which
surface property iﬂﬁnot a mgjor requirement but mechanical strength is,
such as nol ded foa@Eproduck§ for various conmponents for autonobiles and
returnabl e contain s. der to manufacture such a nol ded foam product
using the conventiog ng nmet hod, 250 sec. or nore of cycle tine of

mol ding is reqU|redz as F shows, if products with a fusion rate of 80
is regarded as non- efe%? gg but mﬁth t he nol di ng nmet hod of the present

i nvention, such a odu n be nolded with 240 sec. of cycle,ting as
case C shoms, therdﬁorevpréﬂuct|V|ty i ncreases. Al so energy cgg

decreased by Iomerlhg t hgnSt @M pressure in the chanbers 13 a Gi?y]
steam pressure in t Eéc ers 13 a2§§14 can be set a 3.5 ﬁg/ ]
case F, whereas 3.0|ky/ ] ¥ or e C 31
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I n accordance with the die-expanded nol ded foamni ng apparatus of synthetic
resin according to the first aspect, traces of the first openings do not
drop the beauty of appearance of the nolded foam product since the first
openi.ngs are fornmed only in a nolding section of the dies which is to nDId
a non-outstandi ng portion of the nol ded foam product. |If chanbers

i ndependent fromthe cavity is forned on the rear side of both of the dies,
as described in the second aspect, and4iti¢lge chanbers and the cavity are
connected to t ut| ity pipes as separate systens, it is possible to

manuf acture a foam product with a beautiful surface while decreasing
the cycle tine o nDIdlng, and to inplenent both productivity and

comer ci al val ue. %I So it B&s possible to prevent the noisture content of

t he nol ded foam prigduct fromincreasing by contacting cooling water, and to
obtain a clean nolged foréﬁproduct wi thout strictly controlling the cooling
water to be in a ean st&e. If the first openings are forned in a slit
shape al ong t he jqzn f e set of the dies as described in the third
aspect, it is possdbl théf t he nunber of core vent attach t hfl es can be
m nimzed or eI|n1 at , Aich nakes it possible to constitufe e dies to
be thin, decreasing uféﬁturing cost, inproving control acmo cy, and
dnproving the prod iby| @b the dies, and it is also possiblg to decrease
or elimnate the m nce-operation required for the qLog i od vent

hol es by scales, a h& inprove the beauty in appearqn of the

mol ded foan1produc he2trace®of the core vents gpd vEnty holes to be
formed on the nold ct aFé\gecreased or eli )
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I f the connecting passage connecting the first openings in a slit shape and
the external utility pipes are formed fromthe cavity side to the outside
along the joint of the dies, as described in the fourth aspect, or if the
first. openings are forned near the joint of the set of the dies, as
described in the fifth aspect, either are preferable since steam can be
supplied uniformy into the cavity. 32 If the utility passage is forned
at a location which does not include t§2712int of the dies, and if the
first openings fornmed near the joint are opened to the utility passages, as
described in tfﬁgi §h aspect, abrasion of the joint portion by steam can
be prevented. h& first openings are forned in a portion which is
exposed to the cavity of an accessory part, such as a naterial beads
filling unit and ejector pin, attached to at |east one of the dies, as
described in the seventh and ei ghth aspects, a drop in appearance of the
nol ded foam product can be prevented since traces of the first openings are
not outstanding. If a plurality of the first openings are formed and
divided into two groups, as described in the ninth aspect, steam can be
evenly supplied to the cavity, and this is particularly preferable because
operation to substitute the air anong the material beds filled in the
cavity with steam or opeéﬁkﬂcnﬁﬂm(3ﬁkating the material beads can be carried
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I f the second openings opening to a portion of the cavity where the fl ow of
the utiljty fluid beconmes non-uniform such as at an inner part of a
concave area and at internediate positions of the first openings, are
formed in the dies, as described in the tenth-twelfth aspects, the quality
of the nol ded foam product can be inproved since the occurrence of density
unevenness in filling the materi al beads, and heating and cooling
non-uniformty can be controlled. If tiggrggcond openings and the first
openings are connected to the utility pipes as different systens, as

descri bed intggakﬁirteenth aspect, nol ded foam products with a higher

quality can factured because such control as first filling the
mat eri al beads Tnto a concave area where filling the naterial beads is
difficult so as to egpntrol e filling density of the nmaterial beads to be

even, can be possibEﬁ. If t repl aceabl e opening formng elenent is
di sposed to the die;% as degtribed in the fifteenth aspect, the abrasion of
33 the dies by sPeam flowi ng through the first and second openi ngs can
be prevented. In ac rdancefui th the nethod for di e- expanded nol ded form ng
of synthetic resin &co inﬁfto the sixteenth aspect, wherein Beatihg
conditions for the Cavi ald for the set of the chanbers are depgndent | y
controlled, the fusEbn E?tegpf the material beads can be adjus @B;F
i ndependently from tthe Sugf cg property. Q
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This makes it possible to decrease the cycle tinme of nolding while keeping
the internal fusion rate of the nol ded foam product | ow, and to manufacture
a beautiful nolded foam product as well, consequently both productivity and
commercial value can be inplemented. If a plurality of first openings are
divided into two groups and four heating conditions, that is, the heating
conditions for the cavity and the heating conditions for both of the
chambers for these two groups are indegeaqontly controlled, as described in
t he seventeenth aspect, the surface property of a surface at one side of
the dies and the _surface property of a surface at the other side of the
dies of the nold péﬁ1product can be independently controlled, which
expands flexibility?in design for the surface property of the nol ded foam
product. If steanlpressureagnd time are controlled as heating conditions,
as described in thggeighte th aspect, it is unnecessary to construct a new
control system 34K V\hatés Clained Is: 1. A di e- expanded nol ded

f oam ng appar at us synthgiic resin, wherein first openings opening to a
cavity are forned a nmol @ ng section of a set of dies for nolding a
nmol ded f oam produc 'chggs to nold a non-outstanding portiop ofgf he
nol ded foam producti a cenhnecting passages for connecting thg fiTst
openi ngs and exter@?l ggil' y pipes, are disposed. g Cb
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2: The di e- expanded nol ded foam ng apparatus of synthetic resin according
to daim1l, wherein chanbers independent fromthe cavity are fornmed on the
rear side of both of said dies, and these chanbers and the cavity are
connected to the utility pipes as separate systens. 3. The di e- expanded
nol ded foam ng apparatus of synthetic resin according to Claiml1l or Claim
2, wherein said first openings are fornmed in a slit shape along the joint
of the set of the dies. 4. The di e- egpapgled nol ded foam ng apparatus of
synthetic resin according to Claim3, wherein the connecting passages for
connecti ng saidé?iggt openings in a slit shape and the external utility

pi pes are forne the cavity side to the outside along the joint of the
di es. 5. The di e- expanded nol ded foam ng apparatus of synthetic resin
according to any one of Clainms 1-4, wherein said first openings are forned
near the joint of e set the dies. 6. The di e- expanded nol ded foam ng
apparatus of syntheiic resih according to Caimb5, wherein said utility
passages are fornedat a | g@cation which does not include the joint of the
dies, and the firsf. openins formed near the joint are opened to said
utility passages. he§§ie-expanded mol ded foam ng appar at ug of &
synthetic resin acfordigng any one of Claims 1-6, wherein said fir
openings are fornme i nga pgﬁtion which is exposed to the cavit%%oCB.

t
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8- The di e- expanded nol ded foam ng apparatus of synthetic resin according
to daim7, wherein said accessory part is at |east one of a material beads
filling unit and an ejector pin. 9. The di e- expanded nol ded foam ng
apparatus of synthetic resin according to any one of Clainms 1-8, wherein a
plurality of the first openings are forned and divided into two groups, so
that the utility fluid can be supplied fromthe first openings of one group
to the first openings of the other grogP/yQa the cavity. 10. The

di e- expanded nol ded foam ng apparatus of synthetic resin according to any
one of C ains l-g,m,garg n second openings opening to a portion where the
flow of the utilit ‘urd beconme non-uniformin the cavity is forned in
said dies, and the connecting passages for connecting said second openi ngs
and the external utility pipes are disposed. 11. The die-expanded nol ded
foam ng apparatus of synthetic resin according to Caim10, wherein said
second openings are forned in the inner part of a concave area of the dies.
12. The di e-expanded nol ded foam ng apparatus of synthetic resin according
to daim10 or Cdaim1l, wherein a pair,ofy said first openings in a slit
shape are forned, and when the space be‘ﬁgkn said first openings is 100 nm
or nore, said second openings are forned on a surface of the die at the
internedi ate position of the first openings. 13. The di e-expanded nol ded

f oam ng apparatus of synthetic resvn accordi B\ t o/ any one of Cains 9-12,
wherein said second openings and fi'nst opemfngs/are connected to the
utility pipes as different syste
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14. The di e-expanded nol ded foam ng apparatus of synthetic resin according
to any one of Clains 1-13, wherein the width of the opening of said first
openi ngs and the second openings is set to the outer dianeter or |less of a
méterial bead to be filled. 15. The di e-expanded nol ded foam ng apparat us
of synthetic resin according to any one of Clains 1-14, wherein the first
36 openi ngs and the second openings are formed by di sposing a

repl aceabl e opening form ng el enent tol@a t2dies. 16. A nethod for

di e- expanded nol ded foam ng of synthetic resin, wherein using the

di e- expandi n d f oam ng apparatus of synthetic resin according to any
one of C ai 5 ere the chanbers independent fromthe cavity are
formed on the rear side of the set of the dies respectively so as to supply
steamas the utility fluid independently to the cavity and both chanbers,

t he heating conditions for both of the chanbers and the heating conditions
for the cavity are controlled in a state where naterial beads nade of

t hernopl astic synthetic resin are filled in the cavity, and the materi al
beads filled in the cavity are heajed, expanded and fused while controlling
the internal fusion rate at wll th mai ntaipi ng the surface property of

t he nol ded foamed product. 17. Tha ndt(ipd f di@gexpanded nmol ded foani ng
of synthetic resin according to C @i nyl6, wherei plurality of the first
openings are divided into two grou ?;yand thg jNternal fusion rate
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is controlled at will with maintaining the surface property of the nol ded

f oam product, while independently controlling the four heating conditions,
that is, the heating conditions for the cavity and the heating conditions
for both of the chanbers for these two groups. 18. The nethod for

di e- expanded nol ded foam ng net hod of synthetic resin according to Claim 16
or Claim17, wherein the steam pressure and tine are controlled as the
heating conditions. 37 11712
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