APPARATUS AND METHOD FOR SYNTHETI C RESIN, AN D MOLDED} &68f12002
OBTAI NED THEREBY BACKGROUND OF THE | NVENTI ON the I nvention The
present invention relates to a di e-expanded nol di*sgge@ppar at us and met hod

for synt waﬂ%xxﬁﬂ% fRLYENG atpShRagRaNdar fRhed PO aihalniadd her eby,

and nore partic to a technique for inproving the packi'ng sity of

starting i §gs. ¢ i i i I with nore

uni form p%?é%ﬁ'gaﬂdqeﬂ;a ty.ﬂ)%Aq\%\eﬁs&cr%qég)n%ﬂ{ hrbe e@e?@%ﬁﬂx shown in Fig.
13, a di e-expanded nol di ng apparatus for form ng nol ded products using
starting material beads consisting of a thernoplastic synthetic resin
conpri se .dU I form ng nolds 100 and 101 ( and a
packer 1 i rial beads in a cavity 104 fornmed by
the two form I 00 .and 1Q1, where chanbers 102 and 103 are fornmed on
t he baCkJ§idg%%F%Fﬁg§ﬂ&53ngﬁP#dOWbIdS 100 and 101, respectively, several
vent hol es 105 and 106 comupi catjng betweep the cavity 104 and the
chambers 102 1FFHFEY or P e F&gagﬁﬁnbE?s ToodéﬁﬂeXPanded

101, respectively, and a service fluid such as steam air, or cooling water
needed f&FﬂﬁHF@¥@§R§F?§HftQ?qIﬂPt?%ﬁb§?§ §Ppthabigo5esinsy hps Wadd, upper
service ports 107 and 108 are_provided in the tops of chanmbers 102 and 103,
1 3 0 &sc $12063PpPRYBECtTEEISA dfpamppyafBgte dtRRERRY - afhholPER ser vi ce
ports 109 and 110 conhected to a vacuum punp or drain pipe are provided in
t he bott MR HCHGIY dPeath t beERR1IGRE| t {rH 04AmPHRYing etdie veACkABRes 105

and 106 penetrating through the formng nolds 100 and 101 are actually
provi ded @ity of starting material beads in cavities to obtain

; 1e3eK*7K**+T01666T*7#B3 0 0 C T 2002 *16613@&WE$E-EXPANDED MOLDI NG

molded products with more uniform packing density.
2. Description of the Related Art

As shown in Fig. 13, a die-expanded molding apparatus
for forming molded products using starting material beads
consisting of a thermoplastic synthetic resin comprises a
pair of mutually opposed forming molds 100 and 101, and a
packer 111 for packing starting material beads in a cavity
104 formed by the two forming molds 100 and 101, where
chambers 102 and 103 are formed on the back side of the two
forming molds 100 and 101, respectively, several vent holes
105 and 106 communicating between the cavity 104 .and the
chambers 102 and 103 are formed in the two chambers 100 and
101,'respectively, and a service fluid such as steaﬁ, air,
or cooling water needed for molding is fed to the chambers
102 and 103. 1In this case, upper service ports 107 and 108

are provided in the tops of chambers 102 and 103,
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core vents, which consist of cylinders having lids with an outside dianeter
of 7 to 12 mmperforated by vent holes consisting of round hol es of 0gdduiiil
0.5 mMmmiZ~ or slits of about 0.5 mMmwi dth, are fitted into core vent
attachnment holes arranged at a pitch of 20 to 50 nmin the form ng nol ds

100 and Lspatherveaxpanededstppmyl shemtdtedsushng it BOtE¥RaAREA @0l di ng

apparatus, the formng nolds are first closed to formthe cavity 104,

pre- expangaa Steyd i MBlEIdindeedls €6 RoLyshwkhepanpr oharhiike pahe
transported froma starting material tank (not shown) through tﬁe packer

111 into fhe cAWided O able PREKEEMENRLE sl St & d 4RI BRERE 'ag!ig ds in

the cavity 104 are then heated wth hot steam” they are expande d fused
and are t  cooled to solidification, and the form ng nolds 100 and |01
are opened to allow the expanded nol ded foamto be taken out. One probl em

0 partioular il GRS L0 ORBIR Rl UG AT R by hoveer
material ;heads, gt SPegiiss heetd s Lhe o i AP4pR0¢idea when

core vents, which consist of cylinders having lids with an

outside diameter of 7 to 12 mm perforated by vent holes
consisting of round holes of about 0.5 mm & or slits of

about 0.5 mm width, are fitted into core vent attachment
holes arranged at a pitch of 20 to 50 mm in the forming
molds 100 and 101.

When expanded foam is molded using such an expansion
molding apparatus, the forming molds are first closed to
form the cavity 104, pre-expanded starting material beads
of polystyrené or the like are transported from a starting
material tank (not shown) through the packer 111 into the
cavity 104 and packed there, the starting material beads in
the cavity 104 are then heated with hot steam, they are
expanded and fused and are then cooled to solidification,
and the forming molds 100 and 101 are opened to allow the
expanded molded foam to be taken out.

.One problem in particular which needs to be remedied
in such a molding method, however, is the considerable
difference between the packing density of +the starting

material beads at specific locations in the cavity 104 and



3 0 OCT 2002 the packing density at other |ocations. These specific

| ocati ons can be broadly divided into ( 1) the interior of the cavity 104
where the detailed portions of nolded products having conpl ex shageks (6T 801

formed, (2) the outer peripheral distal portion 104a of the cavity 104, and
(3) the patis backiag! Neeratier atlloied eocavibys 104 rfUses, of jg“ s

variation in packing density are described Iin detail in SBCtione iy

ACKi B0 LA L Tt erar Tbesae ot (8 B i TEL Y FHEG S PE ek

packi ng starting material beads wl rie

packi ng, 1) Jd¥ r acki ( ) i Qn.packing, and the |ike
are wi dely used rgts%gdgogor%tﬁggﬁi ngﬁét a(?%f%%t R l%dé’.f‘a( f‘)Olétegcked

packi ng i ?,ﬁga&gedhg\@ﬁ@gt ggmg'rlgxu %I'%%i%?%pggfgggeg%ot be adequately

expell ed fromthe core vents alone, t hRe cepéerol d and

cavity mold;.-4 J i.nhg, . Cor | d.and cavity nold are not

conpl et el %&lﬁgﬁ%@é@l%é?@%%@nf??eogr§glﬁec?)avtld:yanl%‘§<t efbdeddal to
about 10s . ef f r..t.hi ckness of t npl ded product, for exanple, to |et
the air us@g g)%rq:itr?lg%%é% :aln%% opggggﬁeﬁflo?ﬁ’t hBegSpVHEYWeBA-t he core nol d
and cavity nol d. I n.pressure_packing, the interior of the starting
material tank %ou%i%)ﬁg £ g?‘&?ti bt rf‘rﬁfcégpal 1ReaB3ckingr cdenpitEd avebet ween

about 0.2 1.5 kqg/cng, ile the cavity is |left open to atnospheric
pressure F%rggﬁéﬁefih nsra%t?\% dTc SEYFER S dile VeHiuEhd( Thakobew, bwt whi ch
state the s%artej n&ﬁngt er, 'Z%I beads are delivered into the cavity and packed
there by REARECof PRhe prdSs PeSHi fFuanlival uednatathale €oar t bagking er i al
tank and 'Fﬁge ﬁaViti{" éSI)L Jln coggre,ssi on packi nP, the pressure p in the
starting HabEFFRP PERRTIALpPERAE, VILY b bbtREIY desertbedkg/ cnR, which is
hi gher than thﬂglbﬁ reszureépa king, the interior of one chanber is
pressurized, a e PPESES: Pafk G ent (%)) (Brosyuse meskimgssube )l in the
cavity conmnunicating thr gh the vent holes is varied, so as to deliver and
pack the E?’&PFFﬁﬁlﬂﬁt Bppgh’ Bead®d dhiksesiky ahe VafApdvi msedn mstdicdsy
density are desc%lbed elow. (1) Interior of Cavity for Form ng Detail ed
Porti ons oft MBREEH"Pr D Y@%ﬁ%%%@%hapes In the three
af orenent i oned fgcki%&ods, suitabl e pressure differential is
ultimately appfféd B  RBCkiRg 1%y emRIeYed whek dite t hércawserly, and
t he start&n!(fg. mat eri]?l beads are delivered by the current of air produced on
the basi sToF % RAGFERLUFRNEPE f BPeAtiPdrate Yt pEPediety fTom Hhei wmgrehe
rel ativel‘g simple shape jllustrated as an exanple in Fig. 13, the starting
e ot P '

mat eri al AUl S Ao dR, thes gorengold anshapaiwiyt h f ew

| ocal packi#ﬂ; iére ularities, sg that a final expanded nol ded foam can be

obt ai ned WTH &Y H3PRIRG ot Fone; podhd apdwoaydevngioildr egel aoitti es. 4
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coméE%tely closed, but are left open (are cracked) to an
extent equal to about 10% of the floor thickness of the
molded product, for example, to let the air used during
packing to escape from the gap between the core mold and
cavity mold.

"(2) In pressure packing, the interior of the séarting
material tank holding the starting material beads is
pressurized to between about 0.2 and 1.5 kg/cm?, while the

cavity is left open to atmospheric pressure through the



However, the results are different in the case of shapes with de%gl, mﬂﬁfw
recesses 112 having a pouch-shaped cross section in the center pl n% 0 he
core nold 101 such as that shown in Fig. 14(a) (in tw |ocations above and
below in Fig. 14) and in the case of shapes with deep, narrow recesses 112
having a popeh-shaped H{@SIEAMAR, | N hengent ecthtanerRl theafayigy nold
100 such as that showmmn in Fig . 14 ( a ) ( simlarly in tw |ocations above
and bel ow 191 Pdhdd Natbes iR e esntd NeneUr f . algr ' as the
advanci n\éynég?lgie %or pag’ki%g t he slt arting IPna(% e;%lhgl %ﬁ%tsfsg?tdl e@é:(}l!l{’lg hese

portions, ich i iffieul e I et ads, to be

packed aﬂﬂ%% \Fg?k[?%?%étggi%{igr?p(#eggf t eﬂr%%:ée%%gts{%flzggr%hf%g h ?ng a

pouch-shagﬁ%l‘g{rggsmf?ﬁg%%%f @Q&r%&'%ﬁeié‘a&{ wbacks such as extrenely

uneven pac wor'st cases, unstuccessful nol ding due to packing
defects. Effor have been nade.to arrange spgeci al _packers for. _recesses
that are diffié@t tlgn p§§f?9f’858}85r R%Cq?lg}?edygg%cﬁrﬁ’lsgbllrgns? Bt YHey have
resulted in the incopvenience of .increasing t amount of —air that is used,
or i thet TRttERs PRI E LR E SRt R CTPOARY ofin PPREl A<OwoCs i be
formed per ld, wi.th the probple f copsiderably | owered productivity.
That is ﬁé%g%‘ée t ‘ﬂhr&)%rr?bggﬁﬁ?ﬁg?g ?’P?QF ¢8n PFESSUTSC R it ng
apparatus,is usually limted to a certain extent because of the vol unme of
the startiNEt%r Pél PhkChERREE yAF PIERFIG AP ML SPResRFeSBESir, 5
300 CT_ 2002 and, the li ke. 18 packers are attached in the nost conmon
appar at usSiERTeRGIRY o (RiRY 3 PhackEhe REeIILFePcadint y Witen 98V 10| ded
product has a sjnple shape, whereas when 6 are needed for nol ded products
havi ng a FRIMEIRSRT G sﬁgﬁé‘,lgévé?ﬁ‘et R pekee is ~MEghedox ° nBBdd® f oam
articles, _only 3 can be nolded, cutting productivity in half. In addition,
the i ncr €lELYeT (304 RRUGIERA ShaTsiypimaleriad W@aé%*vi ty per unit tine when
t he nunber of packers is increased results in a sudden drop_in the air
pressure in t HEUSRA t yoF et at ¥py1aFier piRki R§CkABIt hEePsREY addFss] ows
down the expulsion of air fromthe cavity, and the Iike, causing all the
nore varidR§IHHeH d%ﬁ:llﬁ"hg density. The nunber of packers used and the
arrangenent of the Packe_rs are thus a concern for designers of nolds, and a
great nmany el éneht sIRERELPE PFi SPVARY EPFoFOrRARBnEesRdAGSr Foridoss
extrenely difficult to achieve in this field. The packing density tends to
be | ower particul ardfy MaLged tBredpRgtavsidige COMPLefc LAPEM t he packer or in
narrow, bottoned parts such as the recesses described above and the I|ike,
and it is necddsarlie tbhreer afsrergBtooRrdl Paphirgngedbrdsty sudtabder to
ensure a suitabl e- packing density in such parts which are difficult to
pack, reRAISHFS nddfhezerddiado| 48d Yiddmatedy wABRL1iAd RHH28R i $héniform
Additionally, in terps of nolding) it iis necessary to further expand the
starting Stdding Bahgsiaindank i aefeddte cavity o ert JHwe Ere@ThdPdst eam
pressure, so that the starting material beads are thoroughly fused in parts
with | ownFHEGIRY Rafds )P%éaf?%ﬂi@rpﬁﬂ:@d theg crggnfarér pdr BEdycgfe heat ed
w th steam However, when the hot steampressure is increased in parts with
such | owPadiinpaehsiely, thie papesuret ALATarentbatki ngndéhsi cavB&yome

over heated, resulting in expansion pressure which is higher than that

duri ng ndrfal hapipg ngheTm%,a%‘é#ﬂX héimbleeghppedidilustradsidedas aalonger
time is needed to reduce the high expansion pressure to an expansi on

pr essur e edampdiengin helgpl ddd phedurkanisinge natianiad fhords haraofulland t he

| onger nolding cycle leads to a drop in productivity. Furthernore, the
uneven exgaksidonthreygheutin xésulbin@udnpart shepet heitll deav pleodadt during
heating or cooling results in poor nold releasability and poor packing
properti excking t husegnlahndtpesbl e dhakower fpnaductipdandednaoyideldds. (2)
Quter Peripheral Distal End of Cavity In pressure packing and conpression
packi ng, fammshoam be Rgtailg;dtwitbutred agdvepienalifdirgt afuahiit# 04adof the
cavity 104 forns a dead end because the starting nmaterial beads are packed
i nt o t he fizaw ipacklid vilidegulleerithie syol ds 100 and 101 are conpl etely cl osed.
The current of air produced by the pressure differential between the
starting material tank (not shown) and the cavity 104 thus settles in the
outer peripheral distal end 104a, naking it



300c ~r 2002 difficult to pack the starting material beads and tendi ng
to result in irregular density. In cracked packing , on the other3haed.)Rhe
core nold and cavity nold are not conpletely closed, and are |left open to
an extent equal to about 10% of the floor thickness of the nol ded product,
for exanpl e, sHoWwbeeoyt ethderbphanad st adind-aft thy cayd t y.dees pot form
a dead end, but since the core nold and cavity nold are ¢ 0sed aft&f bei ng

packed, tBRageBSki¥hi debpe p i f e d t s higher
af eéPe hhPPowPLELESRERT 115 hgp%ﬁigaféggﬁﬁ sh %

than that in other portions to an extent correspon %&d gap,

resul tingokBsa 86681k C1R OBk bRtk HEGHLARIBNST Lyre AR T PRI Ly When

the two nolds are conpletely closed arter belng packed W ting

mat eri al a i+n ed.p i ng er. peripheral distal end of the
cavity fogﬁsﬁgtdesg{d&gﬁd?nr ggﬁ'ti%‘étgﬁ Blété] f%‘? o%mg(ﬁ'%{b?%%l Vihed he

starting i l:ﬁ_aéis ed_by .st eam and coal ed by ¢ooling water to
renove thg@%gf]dglg prod'uc'?&?r%i%ﬁ% hgnrmflhaé aﬁéﬁ e %ﬁaﬁeﬁ ny 1Bt é15eR. beads
are heat i i from one, chanber to another, for exanple,
al | owi ngq?%repﬁ‘%)tﬁés‘%%%ﬁ% %ofggglls’él?g?guﬁh PORERsERAPEG CRRESY iSRICtHORISN n t he
cavity, b in Fig. .13, when the _quter perjpheral distal end 104a
of the caﬁ? yéé%?énkgvgl%lg%dbgnaﬁei f’aﬁfééé’rrg‘solg’i flﬁocﬁPFhf 8f tthethdthosteam to
reach thei ulg.f% p(fri(QZer(%l. diéLSt | ends 1042, and heat flows s 300CT
2002 int ot hetdut &F Bér i BAEFAPTHE £ 1552 4R62459RS ofPPVR ABFd bRHEWe t he
heat volune 4s relativ igh, making it difficult for the tenperature of
the star t;}rhghh%tgr al gﬂé%/tc}g’qgﬁr? ¥ cﬁﬁgsiﬁs pelihiIrRend efaaiahastioga t o

i ncrease, éMICE a ﬁorres§on£ﬁn I | ower increase in tenperature than in

ot her par®%, “88 ARIE"ERE% Ilg‘?% %PBC@??%SH}PI6%@%?1@9rr@,atﬁé‘§@llti ng in
t he probl.em er.ovgilal | nmolding tine. \Wen the nolded product is

f al . . [
cool ed, @oeﬁ$%f%ﬁ2 i 11 shPEFEd BAHtd i reRkesmditodiffdeudszzl es
(not sho d{és{gosgd i:n t he ghanbers 102 and 103, the pressure in the
chamber s % M $H3TFLNY Baledind 9afF (ke Ret dackelerdaldy thet Waynol ds or
noi sture iq:thﬁ cavity 104 to_evaporate, and the expanded nol ded foamis
cool ed of %8 offCwiitHF e HEToPEs t FECPESES zht? 09 Thebd 3 athavi®g t ane, but
now, in contrast to.the heating. tinme of the_starting naterial beads
descri bed ¥SH® Pth8r8ﬁFeFeﬁgr1PBh€P§1 rgrddds dRddrewhagkst auchaesty 104
becones di ftf iecullt to.cool as a result of heat conduction fromthe outer
peri pher & Poitiens YO hndPEFEADS t BB nolids, BhY t Wensithe fesesd to
sufficiently cool tie Bilrts of. the expanded nol ded foam | ocated at the
outer perPSNEFEEsald UPL8AR91648 5P PRE%ARYi A6TeBESi s a probl em Wien the

nol ded productE IS rtel Eased fromthe nold, the
fforts have been made to arrange special packers for

recesses that are difficult to pack in order to remedy such
problems, but they have resulted in the inconvenience of
increasing the amount of air that is used, or in the need
to reduce the number of molded foam articles which can be
formed per mold, with the problem of considerably lowered
prodﬁctivity. That is because the number of packegs that
can be attached per molding apparatus is usually limited to
a certain extent because of the volume of the starting

material tank, the supply capacity of the pressurized air,



expanded nol ded foamis pushed out by an ejector pin (not shown) fromthe
back side of the cavity nold 100 while the nolds 100 and 101 are qp@@CIzw%
al | owi ng the expanded nol ded 9 30 O0OCT 2002 foamto be taken out of the
nol d, but a problemthat occurs when the core nold 101 is opened is that

wat er whi ethdrasheoliret ed 18N pldkarat %rré”mé@ltwé&yiﬁl@aé{ ﬁl%gtt %%PJ%%%”B of
e

t he nol di ng apparatus around the franmes 114 and 115 an out’e

per pher alagiarid s, 1802 agnd0da. ofschfiey TBhR LLOW UL, WELULAG LRe

expanded nol'ded foamwhich is the fin p uct. Par

Cact 0, Nnfae kol ARMTIDR RPG oG, elnbly eheble Sharluag material

beads in this part is high, conventional Ppactking

in further tad f e nismis discussed. In the three
packi ng n&r%gégééﬁg{agﬁrgg&g,ae?hgg\étﬁg%ﬁgﬁégrrépgr Caf"5&a§S™PricEnelpReker 111

are retur S i.n er| Kk t he_end of the packin
oper at i gns%%%&ﬁg@th eg’q{etglfe egrsg?%d(’)nl' Z%O%?%Wﬁ%%gt fREL pridele eP’Iélftghe
di stal en £t 1 is.closed. BlLow back |[s.described with
refer ence%t %algl rg?)% ?@%Elhr’sg"?[tﬁlelgpggﬁg?’c%’il?:g tBrpBiEd of a packing pipe
t 120, th ] ich tarti terial bead : d fl
To1 The tip | CoAMALEEEhe 1 LS h ARbtRRT0o 00 Bheypanguhs eoTomtn the o

cavity nol d 1(10. A ac{glihng tubg 124 is connected between a starting
material tARP 159 &% Phe FAYALY PPE URfbwitdger Heher athpngumbear iof beads

to be delivered into the cavity 103 between the_two nolds. io 300CT
2002 V%enpflﬁgeﬁﬁe&urjemﬁ?aﬁ‘?@ R Et9030 @ S dderddrera ineddis vwimpr essur e
relative to the Bressur.e in the starting material tank 123 with this
ar r angemeRFSSPHESs A8y t 1Ry FAYLFY almBeddetedy qfie®r packinm emd stherting
material tapk 123 through the packing pipe 124 and the packing pipe
conponent Rigﬁ'ofmfihg BY kngﬂlghfanleéf%Pllr i

In this case, pressurized packing air

giogyioty afigy fxem Hehereawiins
differential,tﬁfz{nolhmin Fig. 15(a). , E J
i s introdif8d WonthR: pSeRFhBIaidthatbe TeTreivariatipnyda @ackimem a
sprayi ng Qol e.%26 i'flg)t herﬂi)stal end of the packing pipe conponent 120 as
i ndi cat ed®BYSLhE: ar TORS TP LT BRGKETS, Yigkrand theenranganent of
mat eri al Eeads ig such_a Yay that the delivered starting material beads
smoot hl y H?epaf grs are 5§ a concern for designers of molds, and
a great many elements require trial and error, making
standardization extremely difficult to achieve in this
field. The packing density tends to be lower particularly
in parts that are some distance from the packer or in
narrow, bottomed parts such as the recesses described above
and the like, and it is necessary to increase the overall
racking density in order to ensure a sultable - packing
density in such parts which are difficult to pack,
resuiting in a heavier molded foam than when the density is
uniform.

Additionally, in terms of molding, it is necessary to

further expand the starting material beads, and to increase



cavity 104 and are tightly packed there.

When the cavity 104 is thus filled

with the delivered starting materi al beads, for exanple, in the MEMELT 2002
in Fig. 15(b), the packing air introduced fromthe packing air
5 is blocked by the tightly packed starting material beads and

turns ar ogHyl ndk astédmiprddsarpd has s pian i @iairdidbhg mpstdtidg ydagd back
fl ow t hrough the packing pi pe conponent 120. Due to this current of air,

the starting MdRSdd1Perded nd aPacking Ricke M@i@erﬁenjs%ctya%eﬁusr]ed

depi ct ed
val ve 12

bank toward the packing pipe 124,” | eaving the conponent enpty.
the bl ow {pcky RERCESSrhes 006 Mhkrlighereatd G 10808l widh Rhagyback

process.

11 0O0CT?2 The starting materi s in'the pac

27 hous b Tiie TanoB S 17T Fral pERERrs P AnaP iRzl hobPtte

pushed o
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beads ar
mat eri al
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process.
t he expa
af or enmen
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mat eri al
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SIS I BRI St SAGHED S faS,
OB ST 68 N PAS R BOBHAY S8, bR oSk e
%%égeéﬂﬂ¥b reduce the high expansion pressure to an
expansion pressure allowing the molded product to be
removed from the mold, and the longer molding cycle leads
to a drop in productivity. Furthermore, +the uneven
expansion pressure 1in the various parts of the molded
product during heating or cooling results in poor mold
releasability and poor packing properties, and thus in the
problems of lower productivity and yields.

(2) Outer Peripheral Distal End of Cavity

In pressure packing and compression packing, as shown
in Fig. 13, the outer peripheral distal end 104a of the
cavity 104 forms a dead end because the starting material
beads are packed into the cavity 104 while the two molds
100 and 101 are completely closed. The current of air
prodﬁced by the pressure differential between the starting
material tank (not shown) and the cavity 104 thus settles

in the outer peripheral distal end 104a, making it

i ng
arts of

o the



packing, resulting in the problens of nolded products with defectiwg Egﬁmﬁs
and defective appearance. The phenonenon of over-packing occurs bé% Q e
starting material beads which are sent through the packi ng pi pe conmponent
120 of the packer 111 into the cavity 104 during natural blow back are

bel i eved dorsdhere t6 phexCatid Vst sifamofei el svophy Bole tk3dims shown
in Fig. 15(b), and the excess starting material beads collect intoa

protrudi ng, shane ©on o herRaskedr ldehsitde, but lunps of the excess starting
mat eri al beads are pushed into the packed starting material beads by the

plunger tip 128 @&saSh@dnphBxhifg, 3n0 tReC 04l g; ﬁéc):oF\Q’f‘%ltdhe

supply hole 122 is sealed off, presumably causing an abnormal increase in

the densidys | Babliey e Ofze Aridiouslh SchaygabechALLepLed o

prevent the bul unps of excess starting nateria

0] ust! NP Y S GerRP RIS B Pl 1 AIHEN10LES B iR B0k N9

air spraye romthe sprayi ordef” to ‘prevent su

back | reatmete Honda RaRRE O BRI S Heo Rt i B e e

Fomai ns. G H s oFoha S Eantat) SRVIST 4oy BBbnt Gl chy CER0 o pPY e a
since the core mold and cavity mold are closed after being
packed, the density in the floor portion of the molded
product is higher than that in other portions to an extent
corresponding to the cracked gap, resulting in a separate
problem of irregular density.

Additionally, when the two molds are completely closed
after being packed with the starting material beads in
cracked packing, the outer peripheral distal end of the
cavity forms' a dead end, resulting in the following
problems when the starting material beads are heated by
steam and cooled by cooling water to remove the molded
product from the mold.
When the starting material beads are heated, hot steam

is supplied from one chamber to another, for example,
allowing the hot steam to pass through the starting
material beads in the cavity, but, as shown in Fig. 13,
when the outer peripheral distal end 104a of the cavity

forms a dead end, it becomes difficult for the hot steam to

reach the outer peripheral distal ends 104a, and heat flows



di e- expanded nol di ng apparatus and nethod for synthetic resins allow ng the
packing density of the starting material beads in the aforenenti ongd)Erggs
to be uniformy adjusted, as well as the die-expanded nol ded foam obt ai ned
t hereby. SUMMARY OF THE | NVENTI ON 1. Di e- Expanded Mol di ng Apparatus 13 3

0 0 CT 2p2 Thee dbatexPpedegnerkhdi paraRdardidiSafer 16l Be kAot iR R esent
i nvention conprises starting material bead supply nmeans for supplying

starting JRh&L | alndeatsa o fidd'9 1of adNARAAStH G Y NtRgLig rag n on a

current of air froma starting material tank through ™ packer I'nto a cavity

formed by 3008 ol andngavi dipditd i ! dfeaﬁhggt@éaéefﬁ&ge%treﬁéaul sion

means havi ng pressure-adjustable alir pressure-adjusting conponents

conmmuni cat | i i Vi, S |4 QW . i.r. used to
supply tﬁ)eeész%a\rqtl}t nqgﬁ(_'tr:glotlg"rrel(}{;lIi Eea#ds [ ﬁito%léhtie cf\?ﬁsyqtdg%bg%g%%gqﬁ%ﬁeﬂ omt he
cavity by .rean {fferenti t ween vity.and the air
pressure¥§5?h§§iééf%%%%@%ﬁﬁ?@%ft%%5%§£|SQS?E%§§|£§y§ﬁéﬁ§§%?“5%p&$ on nmeans
bei ng sucgh that a C o] h ck side of the. care |d and a
stean1chéﬁbégﬁgﬂ:ﬁ%%ﬁgg%ﬁggrgéégfP?%eﬁ%§§5?9 HﬁPagg?et8§38 Ssqgﬁ§e§ir

pr essur e-adj usti ng .conponent eac ommupi cating with the. cavity through

t hr ough- ﬁ‘&"l?s’ fro%%elumi I tHe @B‘T’ ePh h?ge%nafcgv' ?98%I 8YeF8§E)eE‘Ph9§P§’; and
cont rol ans for independently controlling the air pressure in each of the
air pres ‘adj usti ng conmponents of the at |east dual-system air expul sion

Suppl | ed on a W oHS oROLAP HipdE Chei Epobga. Sboling WateX s C
sprayed onto the molds 100 and 101 from nozzles (not shown)
disposed in the chambers 102 and 103, the pressure in the
chambers 102 and 103 is reduced to allow the water adhering
to the molds or moisture in the cavity 104 to evaporate,
and the expanded molded foam is cooled off along with the
molds by the vaporization heat at that time, but now, in
contrast to the heating time of the starting material beads
described earlier, the outer peripheral distal end 104a of
the cavity 104 becomes difficult to cool as a result of
heat conduction from the outer peripheral portions 100a and
101la of the molds, and the time needed to sufficiently cool
the parts of the expanded molded foam located at the outer
peripheral distal end 104a of the cavity 104 is a problem.

"When the molded product is released from the mold, the
expanded molded foam is pushed out by an ejector pin (not

shown) from the back side of the cavity mold 100 while the

molds 100 and 101 are open, allowing the expanded molded



the starting material bead supply neans, the air supplied 13(a) 30o0¢cT
zoo2 into the cavity is expelled fromthe cavity by the air expulsi%nﬂclm
nmeans, allowing the starting material beads to be packed in the caéity,%&&
since the air expul sion neans has at |east two systens, which are

i ndependepbhy €8NbsOLLREN ble skafhbNgomat ehhd! a PEAGS1 SRNL RS p@&&gﬁi n

areas, for exanple, where the packing density tends to be | ower, OW ng

the packi deAensiel odits 51 @US0PaLLS Horidie I0! dede PIATIG! B P nag

regul ari ze the starting materi al beads can be packe irst in areas where

greater SLEERgLbeandnl il i syled! £ Ll Lot BOohRe packingdensi 1y to

be locally 1ncreased in those areas, and t acking density 1n'v ous
et easi ng e nioh A PR ERL (A e PEuRE! bR Shrod 8 I S Rk AR I WS b o
expul si oroReshsPREoPREFe L bRR iahe ogBopr sBAL AR TS Bt in
2T prosstnt: | HEEREnE: i CetrRaEh HBLARY CoBo Y A ABep At ty of
air expulsiogvgﬁgns to be controlled, independently or in any conbination,

by the coff? ans. (1) Air expul sion neans having one or a plurality of
air pressure-c onents in_conmupication wth the cl earance between the
core nold and ggg'téaE%ﬁdoﬁa e ?Nikﬁcﬁﬁﬁ1491ﬁqﬁs?QE§ﬁ£ the air supplied
into the cavity. can be effectiyvel ﬁgB6||6d to the outside fromthe

p

cl earance for rEHtRRUHetRGt BROKLR Fi6¥ Ofe thgyistprting material

beads in this part is high, conventional packing methods
will be discussed in further detail before the relevant
mechanism is discussed.

In the three packing methods noted above, the starting
material beads in the packer 111 are returned to the
starting material tank at the end of the packing operations,
and a step referred to as blow back takes place, where the
distal end of the packer 111 is closed.

Blow back 1is described with reference to Fig. 15.
First, the packer 111 is composed of a packing pipe
component 120, through which the starting material beads
pass, and a flange 121. The tip is connected through a
tube 102 to a supply hole 122 in the cavity mold 100. A
packing tube 124 is connected between a starting material
tank 123 and the packer 111, allowing the starting material
beads to be delivered into the cavity 103 between the two

molds.

10



300 CT 2002 Thus, when nmaking a container or the like with a dge@CT 2002
bottom for exanple, clearance can be fornmed at a |ocation corresponding to
t he open edge of the container, allow ng a suitable packing density to be
mai nt ai ned wi t hout increasing the nunber of packers, and the quality of the

contai ner to bgheAPtA¥eGrekBured th Otke TcdP9Ry(2h3As Pl fRaps
having one or a plurality of air pressure-conponents in comrunication with

the 1nterhaha0h voaptaWsubal LATRARA Us Wil P& dhld I ol ind Ospackypy th the

starting material beads may be provided, an he air pressure Int air

pressure- G st g EORROnEN S il NI4T sl gty eYRUl SLORERpS Ty

be contro I ndependently or 1 n any co n, e con ns in

such a ey LIl ot e, Sl  hag 1B LI Aebeddana! fpaghad (istulp. Lhe parts

that are icul't to pac a struc ows 1ol pro S of good

| b d . i s f.th i ial bead
don be ARG g REuBRC HHRC PRI Rtk M4 IR e BAPIS e, 1°0°

duct ith h havi ts _that dif.fi t K,
Phich havEongeRefr el ot "EBE PRkHEE AA anned e et b4 i R g
density could not he sufficiently ensured. (3)_Ar pul.si on _neans, havi ng
one or a BFG&F&MFEy glrlan%}grsisl”%g ad et r?gr’cgf’T%On:';"ﬁ(sa)i'n cofmuliHati on

with the interior of rempte parts,at a distance,froq%$he starting_ nmateri al
bead suppF§SfreanBTfE B9l o P End?the &F r FHERWECE n I o the
pressure-adj usting,co nents_in the plurality of air expulsion neans may
be controPP@H}ngngéﬁe d"gﬁ'ﬁ vV R F‘Hgaﬂf cﬁﬂ?ﬁ?’f{%}i%‘ﬁ‘f BFoFh& REaH%eans in
such a way that the st rting mat eri al beads are packed first in the parts
that are BPLei ddft b kdigheh gng (i the RPLEARINBIRS) FHRARAYE of good
quality to be 16 3 0 ocT IOOZH%roduced because the density of the
starting MaPefPalingdgaledaPhethai ATEOHED ith B+ stpfal dPeodde &Rt to
pack, even in nol ded products with a conplex_shaBe having parts that are

di fficul tuFgepdde SHATHIRsMBEeR1A! Meads 1B SeRPede BohveRBtodDE y
because of the inabilité to ensure suffiﬁient packing density. The
af or ement 842UeRST di AEAEPHRY at MELREY 2L sbeBESpr SRR %ﬁtﬂ?nﬁﬁﬁiaﬁh§ystem

air expul sion nmeans in_which the chanbers_on the back side of the core nold
and/ or thgavity 104 and are tightly packed there.

When the cavity 104 is thus filled with the delivered
starting material beads, for example, in the manner
depicted in Fig. 15(b), the packing air introduced from the
packing air wvalve 125 is blocked by the tightly packed
starting material beads and turns around in a U-turn from
the spraying hole 126, resulting in a back flow through the
packing pipe component 120. Due to this current. of air,
the starting material beads in the packing pipe component
120 are pushed back toward the packing pipe 124, leaving
the component empty. This step in the blow back process is

normally referred to as the natural blow back process.

11



back side of the cavity nold are used as air pressureadjusting conponents.

In this case, the packing density in various parts of the nol ded ﬂ@@ﬂgg@ i's
controlled nore precisely to increase the packing density in the zy
parts and ensure suitable packing density in the nolded product as a whole.

Preferably, at’f‘?@”&iﬂdﬁ%@ ??\‘fae e85 S Wl 7 i rgduc dacq(ri%sgsu:!ﬁgaand/ or

these are conbi'ned an rnal ‘pressure of the air préssur j usting

conmponents is contr ed t he contragl ans sq._ 1 hat e packing density
of the stAPHHY T tglrzlbal a%%a sjeccg:r?%egguit[ tol &6 re'i}'alrri hgawi ?P%’i ofls parts
of the cavjty. 2. First. ie: Expanded | di Met hod: | nproved Packi ng
Properﬂ(QJQ¢%%inﬁﬁa€%r}%zepgug?gcﬁyi¥33T£¥%WQ%sfgﬁié§e§§ﬁﬁd883ﬁﬁﬂding
met hod i s a di eexpanded nol di thod for synthetic resins in which
starting it 'erq’éé( %@i%@%%@gﬁ%%nﬁg Qué"g‘\‘?lgt PWtor A&d SI}B‘)?WH\ ingFggeg Cc T
2002 a core | d and. cavity mold, .the .material is heated, expanded, and
f used toHﬁﬁéﬁiﬂﬁ%eﬁhﬁFoah%t§Fa§ﬁ&nﬁh@ﬁ&QEiﬁﬁ bead o8vRRl¥nRCL el &3ded from
the nold, wherein various service fluids for the supply of steamto the
cavity, presddis z§aVHRY arfBPHRpridudiszafisfedt hefEuppl V't &6ABEERSI on air,
and the |like are mani pul ated by using the inter-nold _clearance, forned in
such a waptesrial cb i 8ate tiush ex¢Eedalinsar veealphpist@teatin hthgeam of
the core nold and cavity nold | ocated at the circunference of the cavity
when theCﬁwﬁiﬁblH%4areT€Po§§éFt$BQCN@¢@§P§% hepdl Seremai hrd | #n cbheri se at
| east one of the follow ng operations to nmake nore effective use of the
cl ear anc ®@asdingerpinfe kit eahdl dlandbdavnt pawlk @nd)arxpalli ngtuheedacki ng
air through the clearance when the starting material beads are being
packed: ¢ sthperataphing | satamalai tapks bb23xpeand&ind r ddhet hpaokieg
peri pheral distal end of the cavity in conjunction with the expul sion of
air frompreeessr-e vents of the two nolds, so that the starting materi al
beads can cross sufficiently to the outer peripheral distal end of the
cavi ty wit houtIn enmotyige beEngonveaitd@nadndaakigg| methedki hgweeersi ty. can
be prevented. The advantage of inproving the packing properties of the
st arti ng thet ardrdls fadihe axrpantedbaeobied nehreveprnaepordibngoteether oduct
is a deep contai ner and when the distal end has a conplex shape. is 300
C T 2002 1@cafdjonst iokg the ppé&orementhoped cavaryingr omghkerhelclkeeadnce when
the starting materi al beads are being packed: Wth this structure, the back
pressur e stpplye hellestléd tare heubdsictedtpr dbsureheppmenge ©oF t¢eemr essure
of the packing air for sending the starting material beads fromthe
st art i ngpewkdnidal mesnd ting timatthehorahliers qfadkehdederhoduetsn withused,
such as pressure packing, conpression packing, and vacuum or suction
packi ng defseitdivet shapaskapfedsficetive sappeaeanee- at nospheric pressure or
lower. 3 ) Introducing steaminto the clearance to heat the portions around
the cl earance Tived Phepomeropavef y auer-asidkiingt e oceaiiseabenguee tthe starting
material beads in the portions around the cavity when the packed starting
mat eri al stteaddngr maieriglhdsieds. whHich afrfeorsintt highzelvaint blge packinow ng a
shorter nolding tinme to be designed because the starting material beads in
t he out epiper igraaiendi st2z0 efid toe thaskeavilll cantbe tier ecavaigivdl 0heat ed,
since the flanges constituting the outer periphery of the two nolds, which
in the pdstringguhataral r bllawi viedgk | arge beoligmedf tieatadlaede wdoe thd fi cul t
to heat, are directly heated. Since it is possible to ensure that the air
i S purgedahidm tIod cside @Er thkesaippdiysthalleentRby sbeainocamd iro Fig.
i ndependent |y adjust the pressure through the clearance, the-steam pressure
can be cast(bil,| ethd che podiddsyestmrinogamatersietlt ivegpds ¢hklddetkeintad ative to
t he chanmber 19

a protruding shape on the packer 111 side, but lumps of the

excess starting material beads are pushed into the packed

starting material beads by the plunger tip 128, as shown in

12



300CT ' '"tUU pressure so as to set the tenperature balance in the nolds
to opti num conditions, allow ng dramatic reductions in the cycle3t) 0l Aild
energy conservation to be anticipated. 4) Reducing the pressure in the
cavity through the clearance to pronote cooling by the vaporization of

noi sture gl ngsqegl i ngnehn thies sagpipl Se1d hergyclastigatad hge,
dramatically reduced because of the ability to pronote decreases in

t t ' f t PRRYY ¥ [ I AVZe] f

heat and Bre PPt A Tho B e ol e MeARIY 4 Snce

during noltg[alrtebgﬁgogper ations to renove the expanded nol ded foam Because
co

dr ai nage ecting i'n the clearance and in the inter-nold cavity as a
result of water.injection during.cqoling can be elimpated in this case, it
i s possible toi}g%blghdr’gevﬁosélcrlﬁ SR abseqa\/{bt??ﬁ%“%#e(gnhgom@rrﬁvﬁﬁs:art ' even
when t he l, are opened to release the product. 3. Secand D e- Expanded
Mol di ng Ivg?]ﬁga: Y vegurﬁ’%%kio g @f%epsesrtfsggrgﬁn@aﬂastefﬁﬂ% AP%a%fﬁYcult to
Pack The sgqond,die- xpanded nol di ng net hod ii a di_ eexpanded _nvol di ng net hod
for synt hBHPESFERENLDE, RUSSONTEr aSPFAY REt BRPAP  bEdHE - aP@dpd&Red 1Kt 0 a
cavity fornmed by a core nold and cavit¥ nmold, the material is heated,
expanded, CAndPruRRFLEET 0PI a SREPYEH Profudhe SRFAREGToNALY prBddEt s
cool ed and rel eased fromthe nold, wherein at |east the chanber on the back
side of tREIRBI FooPrevent osechk oyeP-RrdelnghefBrhaeF oRrobdemsmi&ador ti ons

that are difficult to pack with the starting material beads are fornmed, is
hel d at ahA¥fattiopa stinelvds afi Jengert hdom RaPhetreapmestytdme,

greater consumption of packing air, and the like, yet the
effects on over-packing have still been unsatisfactory, and
the problem remains to be solved.

An object of the present invention is to provide a
die-expanded molding apparatus and method for synthetic
resins allowing the packing density of the starting
material beads in the aforementioned areas to be uniformly
adjusted, as well as the die-expanded molded foam obtained
thereby.

SUMMARY OF THE INVENTION

1. Die-Expanded Molding Apparatus

13



of the starting material beads packed into the cavity by the packer, and
. part of the predeterm ned packing amount of the starting material 7l S
" delivered and packed in a concentrated manner in the difficult-to-pac
portions, while the renmai nder of the predeterm ned packing anount is then
delivered to pack all of the starting material beads in the cavity. In the
second di e-expanded nol ding nethod, the starting naterial beads can be
packed in a concentrated manner in parts that are difficult to pack, naking
it possible to prevent |local drops in the packing density of the starting
mat eri al beads.in sqch par h e diffi o] . | es..of parts
that are diffingt 53pa ak?ﬁ?lﬁgg%%gl h%é %%%%u%e gggéénggsggg ﬁﬁuﬁt | east
one of either the .co r cavit The ¢ rreni gf acking air
pa&ck

| d | d. .
Conds to BOEEEBY MTSRHH o8 O Rgr SEabtind BAgeFia FHE Ly of
th tarti terial beads d . d i f he, Ki
Horsr o ChAdpa” EREy SHPBIT LT o SSERTRENS e EoPEl ThA Y seole PELBE G

concentrated manner i.n such _parts which are difficult to pack. The starting

. 9 :
materi al bBSIRORAARSELSo W hESESt FAS Datkel iFHIFENS ‘?%agl’ér eTaMf A cult to
pack, so that the 21 3,000 CT 2002 starting material beads are packed in
a concent PAREGLRENNBREPRL&Lc I 95 t $hTRYPhard dRFFkedul £nt8 packcavAtyThird
Di e- Expanded Mol di ng Met hod: | nproved Packing Properties in Parts That Are
Di fficul t fPEMPEAcRYTRe CORPr BO4 e pERALEY B HF hop Fret erotit | Quasl i ¥sbeFanded
mol di ng met hod for synthetic resins in which the aforenentioned
di e- expanddd noPY¥PRYSHPPar MMefS s GBe¥dndo pBERSSYEEtAAJGuUABelE? al @d&ads .in
a cavity forned by a core nold and a cavity nold, the material is heated,
expanded, Paagstrseadijystodnth a FRARRAEIHIDduceMEnd cakdngol dedtpr oddet is
cool ed and rel eased fromthe nold, wherein starting materi al beads
consi st i ngfefrenentdppspl gaviiEysyhPRetild oWdapn thee addpplgest on sl ent  of
air froma starting material tank through a packer into the cavity forned
by the cotiemsit@ridadcanteyimd §epdssdato) nfenmasditayl tedk supysileadeans
"when the starting material beads are packed into the cavity; and the
starting Faeayihhepbezdisltr e bgacRe@nfhidfe tthe corespuref &lfferenti@lcavity
is controlled by adjusting the air pressure, independently or in any
conbi nat i BAEWERNa pihe al caydtam arirdexgiliesi oAlRearRr 935 Wk vABtUSEI®GNt rol by
control neans. In this die-expanded nol di ng nethod, the air expul sion neans
havi ng ai FOPPe8sHte- aditst #hgledfporiitls ¥ teFmaht c 85Pyd sdichh Me@Ss t hat
are difficult to pack, for exanple, anong the dual -system air expul sion
means, | sPRiAPGt Skt r bRREdAt & HEMS tChAIER hen sithet iRRFhafde aPthddds 22 3

0 0CT 2002
core mold and a steam chamber on the back side of the

cavity mold are used as the air pressure-adjusting
components, each communicating with the cavity through
through-holes formed in the core mold and cavity mold,
respectively; and control means for independently
controlling the air pressure in each of the air pressure-
adjusting components of the at least dual-system air
expulsion means.

In this molding apparatus, while the starting material
beads are supplied on a current of air into the cavity by

the starting material bead supply means, the air supplied

13(a)



in those parts, so as to ensure that a suitable packing density is

. maintained in those parts. The follow ng are nmethods for controlli3rythy
‘air expul sion neans by the aforenentioned control nmeans. ( 1 ) The air
expul sion neans is controlled in such a way that the starting materi al

beads are pagkednbi redvifyt hg nargomePoEEOEHROT EA@NSy Waer ecidie agtarti ng
mat eri al beads are difficult to pack. In this case, nolded products of good

qual i ty cap, he) I odusesth becatiss, ihe b@?ec‘%itr&tqwin%)te‘%‘;(iaﬁh%eﬁi%r NG

material beads In the parts that are difficult to pack can be maintai ned at

a suitable $§g§%?%hd@[péiéé(ﬂﬁgﬁln[%d?O%ﬁq%%%n%t&pr&%iigge@e%ggpIh_g shape

such as pa‘[r) are di i ch have n consi dered

di fficul Th j | si i N h
W'aé that t%§ TRAR L S et Ty p ol AP, TpRRelRAgEcly BONNEBLIER Pore o
a di stance_fromcth

tarti teri bead I -~ In thi :
ol dod pr ottt & TB CB9d MHATT 9] CERETE BrOdteaPBeREal Alai AT & ATt abl o
Ki d ity i t t t Ki d it f t tarti
ot or 4l DR Eendd g Do HBweP SR e I e o OGS oS i 5 oPHET he
packi ng prOfert_i es in parts where the starti mat eri al beads are difficult

to pack is2ttPPpRE R RIGFIPALGREEN AN B’@i&%qsn parts of the molded

product to be regularized, the starting material beads can
be packed first in areas where (dreater strength and
rigidity are desired, allowing the packing density to be
locally increased in those areas, and the packing density
in various parts of the molded product can be adjusted to
sultable levels without increasing the number of packers,
even in molded products which have parts where the packing
density tends to be lower, such as thin-walled parts.

Air expulsion means having the following structure can
also be provided in addition to the aforementioned dual-
system air expulsion means, allowing the air pressure in
the alr pressure-adjusting components in the plurality of
air expulsion means to be controlled, independently or in
any combination, by the control means.

(1) Air expulsion means having one or a plurality of
alr pressure-components in communication with the clearance
between the core mold and cavity mold may be provided. In
this case, the air supplied into the cavity can be
effectively expelled to the outside from the clearance

formed at the outer periphery of the cavity.



the cavity as the anount of starting material beads packed 23 300CT
2002 per unit tine in the cavity is adjusted by the adjusting nean§g[Nﬁqm2
the starting material beads are supplied to the cavity on a current of
packing air as the amount in which they are supplied per unit time is
adjusted by the adjusting neans, the starting nmaterial beads can be nore
efficiently supplied to parts that are difficult to pack, such as narrow,
bottoned, thin wall parts that are difficult to pack with starting nmateri al
beads or renote parts that are at a distance fromthe packer. In other
words, Wh&hushe ERBONtMainghi @h €petatnaeti my mhbheriblikdeadshare sigRPi ed

per uni t Lifie s adllsledh fliere Lo Jess contaet detumen dhe slartigg
mat eri al beads dn ewer c I sions during packing, and the fTow of air is
not hanperced day pdmel istcartd nhematperm alddeeads tHeemseltetners,0 4 Heowiray ta ng
materi al beads can be smot hly packed in parts that are difficult to pack.
As such afUddieRes ngPREAAEY a” Seppt Y ne s%@h a2 5N ER+BGA oty iy be
provi ded 49 SWRRId henst alkbag At ephdkebepdanwhidie theadimeyntod neydi ch
they are supplied per unit tinme is adjusted by this supply neans, but since
t he starticegtwetned dlo beadgnnroyied -be danmaged or the cost of the nolding
apparatus m ght be higher, it is desirable to provide adjusting neans for
adjusting the amount in which the starting naterial beads are supplied per
unit tinme on a current of air for packing the cavity by diluting the 2A 3
0 0 CT 2002 starting material beads with adjusting air, allow ng the
starting material beads to be supplied while diluted with adjusting air. In
regard to the specific nunerical value of the degree to which the starting
mat eri al beads are diluted by the aforenentioned adjusting neans, the final
degree of dilution is defined as the nunerical val ue obtained by dividing
the volune of air supplied to the cavity during packing by the vol une of
the starting material beads, and the final degree of dilution is 5 or nore,
preferably between 10 and 50. In other words, a final degree of starting
material bead dilution of less than 5 results in a |ower starting materi al
bead packing density in parts that are difficult to pack, so the val ue
should be set to 5 or nore. 5. Blow Back: |nproved Packing Properties in
Locations Facing the Packer The follow ng bl ow back operations should be
carried out imedi ately before the conclusion of starting nmaterial bead
packing in the cavity in the aforenentioned di eexpanded nol di ng net hods. 25
300CT 2002
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(1) The pressure in the cavity is set to a negative pressure relative to
the internal pressure of the starting nmaterial tank hol ding the g%@@tqmmz
mat eri al beads, so as to allow the starting naterial beads fromthe
starting material tank to be packed into the cavity when the starting

material beads @ne beiGRAtketbn kAR LIS ESe! Brt B LIRVRIY ) Soad] ust ed

to a positive pressure as the pressure in the starting materia IS

mai nt ai ”egﬁgﬁg%ﬁ&&é&%r&%@sﬂi&“&oﬁm@{f A PLEAT the fin%e(r‘feegutsioon

of the pa this structure, a current of alr fromthe cavi

the startipg flas) al nbandd PLAAUCEAaGUEIO 4 4 BAGK AN bRe, suf P! uS

starting material beadS In t packer are all owe o0 adhere avity
ide, th b ' [ h t f th ti
mat o ol Bosusstar el HAEEH AL pe gl ol B Ve vt 11 SHEEATR (e
Ki d it d h defects in.th t flow. _(2), Th
o the caltey e eertt 518 HdacPoes preesiPaisliy | rlmpghEnes et
pressure of the .starting material tank holding the starting material beads,
S0 as to BHTRIERY st tiHg miPErti Boadiodtom PRE <Part PRETRALLPRal t ank

to be packed intq t cavity when the starting terial beads are being
packed, ard @nﬁﬁﬁggﬁfé”iﬁ&fh%n¥t8PWPﬁBaﬁ&PBri Y ik Fenteplistedrto a
pressure equivalent to or Iome£ t han th%ﬁgressune in the cavité as 26 30
0 C T 200%™ 3G RsY¥ Fhatnébet stertdngar@tietiiatadieads niar st BRAERE duri ng
bl ow back operations_i rmedi at €| Erior to the conclusion of the packing.
This al sofAdeds 11 188siBAES ot%"fl vért | SEEF1eREY e40ePAFK ¢ he Tk Big
density caused by defects in the return f low in the same manner as in
section (FFruCPTIRat @k5PVH| SR8k PECAUrts e®oufosl Hatitit 4@ Pessure
as described in sections (1) and_g 2 ) during bl ow back operations

i medi at ePFogiced PgcpHEecbRel denshtyhf Of hebpatkfRing neateri el ngedd eri al
supply holes are subsequently closed off by a_plunger, and the forced bl ow
back is tRéR P&rFPéBtB&PedTHPsP%ﬁ§§rE@théFetﬁéfg%%FiﬁnBO pack, even

in molded products with a complex shape having parts that
are difficult to pack, which have been difficult to produce
conventionally because the packing density could not be
sufficiently ensured.

(3) Air expulsion means having one or a plurality of
alir pressure-adjusting components in communication with the
interior of remote parts at a distance from the starting
material bead supply means may be provided, and the air
pressure in the air pressure-adjusting components in the
plurality of air expulsion means may be controlled,
indebendently or in any combination, by the control means
in such a way that the starting material beads are packed
first in the parts that are difficult to pack. Such a

structure allows molded products of good gquality to Dbe
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material beads in the packer flow back into the starting material tank. 6.
Di e- Expanded Mol ded Foam The density in various parts of the di e-28H&MdeHN
nol ded foam pertaining to the present invention is adjusted to within 5%
of the mean density, preferably within 4% nore preferably within 30.

Such a no)deghPEQINEL 2GS Gﬂésagﬁéfgydéfftl?é“étéf’tfr?é %Pefﬁl p@éédst but can

be produced according to the aforenentioned di e-expanded no hods.
The t t d; § I
shgrtlegg %n%gtlﬂ?%ﬁ%\g??&g pa?‘? g%dﬂtl% +leie W tffylg?l\"sjég% ory es‘fernengt h

d I d d.
a0 L9 VR vBRHERS) ‘I*Pfﬂsﬁ%c{: Bl TRREEF PG 3i3E Jhelcs i
mh h t I I the d t f
ol dod et iEESEETHLES BabR, Iﬁﬁeﬁ%sﬁ Bl A A e toh oY i ch
the d f sh 1, th f sh
compl exi f%or?\ge%@?c?ra%@%é”é Thgtiaser i eh “Viie SBERTAGA YDy BT vi e
surface ar of . t he nol.ded oduct by the volune, which is measured by cm
unit; tho%‘é&% W‘R%IP?%%I# Skness of the thin-walled portions of the

nol ded product _is 10  mm t se in which 3 or |ess beads are

di sposed in thEg hlm%%?eorb?q ed‘Ec?Jdﬂm(ﬂ‘ PP RSB 599 o€ of the

nol ded product
pprov1de(§ gvl)ch plural-system air expulsion means in which

the chambers on the back side of the core mold and/or the
back side of the cavity mold are used as air pressure-
adjusting components. 1In this case, the packing density in
various parts of the molded product is controlled more
precisely to increase the packing density in the necessary
parts and ensure suitable packing density in the molded
product as a whole.

Preferably, atmospheric release, pressurization,
reduced pressure, and/or these are combined and the
internal pressure of the air pressure-adjusting components
is controlled by the control means so that the packing
density of the starting material beads can be suitable
determined in various parts of the cavity.

2. First Die-Expanded Molding Method: Improved

Packing Properties in Outer Periphery of Cavity

This first die-expanded molding method is a die-

expanded molding method for synthetic resins in which

starting material beads are packed into a cavity formed by
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3 00 CT 2002 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a vertical cross
sectional view of a dieexpanded nol ding apparatus; Fig. 2 is a Crg%SUETﬂml
sectional view of line 11-11 in Fig. 1, Fig. 3 is a vertical cros

sectional view of the area around the through-holes; Fig. 4 is a front view
of a core vent; Fi%. 5 correspopnds to Fig. 2 of another die-expanded
mol di ng dbp&Catus MOy, 2BYj sCaviky ¢ Medid.cr 88 sBetebhatl Vitwhsrtere

di eexpanded nol di ng apparatus_ used in the first packing nethod; Fig. 7 is a
cross sec¥Raded e@6¥ HUsedy tov) Form prelded DPRodcts i s andl obhieque vi ew
of a nolded product; Fig., 9 is a vertical_ cross sectional view of a nolded
product ; B®duct 0ig cceoed TG, nriqased vérorcather dealdectibemgingi ew of

the die
various service fluids for the supply of steam to the

cavity, pressurization and depressurization, the supply of
compression air, and the like are manipulated by using the
inter-mold clearance, formed 1in such a way as to
communicate with external service piping, at the seam of
the core mold and cavity mold located at the circumference
of the cavity when the two molds are closed.

Specifically, the method should comprise at least one
of the following operations to make more effective use of
the clearance between the core mold and cavity mold.

1) Expelling the packing air through the clearance
when the starting material beads are being packed: This
operation allows the air to be expelled from the outer
peripheral distal end of the cavity in conjunction with the
expulsion of air from the core vents of the two molds, so
that the starting material beads can cross sufficiently to
the outer peripheral distal end of the cavity without the
molds being cracked, and irregular packing density can be
prevented. The advantage of improving the packing
propérties of the starting material beads can also be
obtained even when the molded product is a deep container

and when the distal end has a complex shape.
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expanded nol di ng apparatus used in the second packing nethod; Fig. 11 is an
illustration of the packing density; Fig. 12 is an illustration @ 8¢e00?
starting material bead packing system Figs. 13 through Fig. 15 relate to
, Where Fig. 13 is a vertical cross sectional view of a die

the prior art
expanded nol d
di e expanded

ol

apRefiditisg Rk dfessufe Vet kRal AT SERtdRIAIL1Yd ew of a
di ng apparatus with another structure; and Fig. 15 is an

i || ustratd pn,phnde St@hbhNOLIRL eﬂ:é‘ft?ﬁ"\ﬁd RACdHNgn Susdeqs DRI Fedng

DESCRI PTI ON OF THE PREFERRED EMBCDI ME

b o Exparkiedt

0
[

S Preferred enbodi nents

n a esG{idbe i t f C d | .
dinggggngg#ﬁsgkggggggﬁlinjkfggégg gﬁggﬁ%nﬁ%eagﬁgﬁgipanded

| di ' . X it
Tol d 5. (SRSt LorhI A bd phBscirePROrati £l SoTat ZANASR Y
cavity 4 éPrEEQ Bgckﬁﬁgcgﬁ§ %Bgds%nding the starting material beads

from the starting material tank, so that the optimal
packing method can be used, such as pressure packing,
compression packing, and vacuum or suction packing in which
the back pressure is adjusted to atmospheric pressure or
lower.

3) Introducing steam into the clearance to heat the
portions around the clearance and into the cavity to
facilitate the heating of the starting material beads in
the portions around the cavity when the packed starting
material beads are being heated: This affords the advantage
of allowing a shorter molding time to be designed because
the starting material beads in the outer peripheral distal
end of the cavity can be more rapidly heated, since the
flanges constituting the outer periphery of the two molds,
which in the past required a relatively large volume of
heat and were difficult to heat, are directly. heated.
Since it is possible to ensure that the air is purged from
the outer peripheral distal end by steam and to
independently adjust the pressure through the clearance,
the steam pressure can be controlled to a positive or

negative setting or the 1like relative to the chamber
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and cavity nold 3, steam supply neans for allowng the starting materi al
beads 5 packed in the cavity 4 to be heated, expanded, and fused by lsO&kib?
and cooling neans for cooling the nol ded product. 29 300 CT 2002 The
core nold 2 and cavity nold 3 are attached to a housing 12 with a frane 10

and back hessssrdlsoand ebamber +n30 tihethiane AIBGOn i hadardy §i de of

the cavity nold 3 and core nold 2, respectively. As Shown in Figs. 1 and 3,

t hr ough e %§mﬁﬁn§bﬁhh@9 &, cangowenys Y8 ol are
f or med |29%h§ core nold 2 aﬁﬁ caV|t§ WDP %g%ngﬁg thg gﬁgﬁ%g?s §b1§hd 31

conmmuni Caﬁggcmt&m@ aﬁ@g,ég% déyt@&gé@fbwfoﬁ htoud-l RS phte3® 300 CT

e
2002 As wn in Figs e core vents 13 are
4) Reducing the pressure in the cavity through the

clearance to promote cooling by the vaporization of
moisture during cooling: In this case also, the cycle time
can be dramatically reduced because of the ability to
promote decreases in temperatures in the flanges of the
molds, which require large +volumes of heat and are
difficult to cool.

5) Expelling drainage from the clearance during mold
release operations to remove the expanded molded foam:
Because drainage collecting in the clearance and in the
inter-mold cavity as a result of water injection during
cooling can be eliminated in this case, it is possible to
remedy drawbacks such as wetting of the working area, even
when the molds are opened to release the product.

3. Second Die-Expanded Molding Method: Improved
Packing Properties in Parts That Are Difficult to Pack

The second die-expanded molding method is a die-
expanded molding method for synthetic resins in which
starting material beads are packed into a cavity formed by
a core mold and cavity mold, the material is heated,
expanded, and fused to form a molded product, and the
molded product is cooled and released from the mold,

wherein at least the chamber on the back side of the mold
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menbers fitted into attachnent holes 16 formed in the core nold 2 and
cavity nold 3, and are bottoned cylinders in which a plurality of3®dGhdd0l
t hrough-hol es 17a of smaller dianeter than that of the starting materi al
beads 5 or longitudinal holes 17b are fornmed in the bottom surface. As

shown in Eiige,3whbb8 aFEoWENboPEbRSA lfoRkohH ST PR &rd Nei £01&u P! €, 2 and
cavity nold 3, and are through-holes of smaller dianmeter than that of the

starting FRER! kaltnbad’s xadt3NPasa v 0 Baaakealel MWdml,t he ‘}g&ﬁi .
I | d I'd cavity 32

peri phery of the core nold 2 and cavity no 3, and an inter-no

communi caking Webheipe fAubincd LOIQUOhe 1Bs fheanssidhetyRan e core

nold 2 and cavity np e the nold is closed I's Tornmed between t he

(1 anoss, 2823t SREalCral Solabile gt CAiE, Ph. 22004 L Ng cavity

nmld 3is's _ _ rameter o starting material” b (
beads 5+ SPgaCeCRREbUSRTRER 0 SR Yedeeflithdh ' ihdlbg B0 L 40
my be 1 obNed “Aratg Pnaeiid pidhers GRrHBE il 122t B 1y mold
3 0o YGRS EOLTET ROSALLY I 5L | RPCPESEROSILL 0N | S A Shom [
300a) . 3uf0eCel?00falhauEdr BY DRI Jolihg s L oo 32
then delivered to pack all of the starting material beads
in the cavity.

In the second die-expanded molding method, the
starting material beads can be packed in a concentrated
manner in parts that are difficult to pack, making it
possible to prevent local drops in the packing density of
the starting material beads in such parts that are
difficult to pack.

Examples of parts that are difficult to pack include
pouch-shaped recesses formed in at least one of either the
core mold or cavity mold. The current of packing air tends
to settle in such pouch-shaped recesses, and the packing
density of the starting material beads decreases,iso such
drops in the packing density can be prevented by packing
the starting material beads in a concentrated manﬁer in
such parts which are difficult to pack.

The starting material beads can also be repeatedly

packed in parts that are difficult to pack, so that the
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provi ded corresponding to the plurality of clearances 18. The chanbers 30
and 31 and the inter-nold cavity 32 are connected through service gﬁk&ﬁﬁmz
SV1, SV2, and SV3 and service switching valves SW1 and SW2 to a ste
supply pipe 20 and air supply pipe 21, respectively, and are al so connected

through drgin.4g ‘?n%t@f@'ualDM%adgnQr@vgaéﬁgd_s%t %hEBQcéﬂlt‘fﬁsteﬁvwgnﬂQQ Svw4
2 and th unp P,

to a drain pipe a vacuum pi pe 23 equi pped w a vacuum p

respectively j f lwi.ds CR:a%; r uum ai r can be
i ndi vi duaﬁ#‘ysgﬁg{aﬁae %t gﬂgr gégepﬂggl}%ﬁlg%ﬁﬁeﬁéggﬁbers 30 and 31 and the
inter-nold cavi

ty 32 Qy..the operasi of t filit | yves SV1_t hrough
SV3, the drain val vesﬁé\}tl&t h@oeug%ﬁ%eéanﬁf%%l% t%ﬁ}\{ﬁag\?al Bere and
SW2. Al's en the clearance 18 and,_jnter-nold.cavities 3 e plurally
di vi ded agaﬁggé‘ﬁ %E&pé %&8? %He’?’ Sbd giéa%lé?ﬁsbﬁgﬁlﬁgi%ngi’vﬁﬂ%l l'y supplied
to and expelleq.fromthe respective.inter-mld cavitjeg. The bead, packing
neans is descrﬂ%@ﬂ %@FE@. §§g§ﬁ§RﬁnFﬁ8Fi otging s?ﬁ%%?ﬁg ﬁﬁte?iaglgank 24
is provided for, stori the starfi mat erj al .beads .5. A suctjion pipe 25 is
connect ede?‘Baf‘ﬁg%sf%?r]t rﬂft%ﬁ’q |£‘?’énﬁi"2ﬂ‘egm FREIBGC o i P is
equi pped with a s Qtiog ;ﬁlve V1, thjs sigtion val ve V1 being controlled to
adj ust t hBTPREBLRALOPPEs % TP AN St BP LRI n@PEATAt USanks 2458l bR ker 26
whi ch opens into the cavity 4 is attached to the back plate 11 on the
cavity moP&ck ﬁt@éftlélgsﬂlﬂ‘%/egﬂaél beads) I cATCAYHSY2 Forded: (¥ e dC%R t he
starting material_ tank 24, the packer 26 is connected through a gacking
pi pe 28 tHotHe altdyrd i FRVHEY P91 t KRR Patexdalt He hrenrtedg awparded. beads 5

in the starting material tank 24 are su%plied on an air current fromthe
packer 26angt &used d;g\,iftoy:nu_a molded product, and the molded product

is cooled and released from the mold, wherein starting
material beads consisting of a thermoplastic synthetic
resin are supplied on a current of air from a starting
material tank through a packer into the cavity formed by
the core mold and cavity mold by starting material bead
supply means ‘'when the starting material beads are packed
into the cavity; and the starting material beads are packed
while the current of air in the cavity 1is controlled by
adjusting the air pressure, independently or in any
combination, in a plural-system air expulsion means by
automatic control by control means.

In this die-expanded molding method, the air expulsion
means having air pressure-adjusting componen‘;s in
communication with parts that are difficult to pack, for
example, among the dual-system air expulsion means, 1s

first controlled to first pack the starting material beads
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31 (a) 3 00CT 2002 A packing air supply pipe 29 is connected to the
packer 26, and packing air of suitable pressure is supplied. by a packing
air valve V2 nounted in the packing air supply pipe 29. The i nt eBlalCT 2002
pressure of the starting material tank 24 may thus be set to atnospheric

pressure,;f edueed RIASEHS €500Tad NESCRAGArRr @3 6o WARA tiah1eS SRl {4y O
above the internal pressure of the chanbers 30 and 31 and the I nter-nold

cavity 32d8¢§£§§§{§t ahi %@stiﬁa%hégéfﬁéfﬂé¥s suited to the conditions of

use or the e nol ded product. t 1s to be prepared should be

o oot o one L hﬁ}g‘atﬁﬂlh WJTI{:H taQ‘% Sltng“Eltlé&g| %&Sr thFggigiggsegh%yrﬁlﬁeu Cc

Pol ystyrene-based synthetic resin materirals, polyo
resin mater| . y. Y. 0 I , or__copol yners and
the like %’fé@%%%&g?ﬂ?ﬁ? ﬂ%rtg%‘?néﬁ‘&e%’?‘%“aﬁpls‘!’%’e?n e A

The degree of ansgl.aon _qf th tarting material beads. 5.depends.on the
material of th gta?bgng FratEH 1S 5eadSH " bl %P?%ﬂ%gl%? égtgufgoatines i's

preferred. Specifically, startin terial beads consisting of .

ol yotyr JIRT pidel dpn s etEhie M efBEER apeL re e adbefaedzst, gn
100-fol d,,  .and preferably.3 tq 80-fold, ile starting material beads

consi st i ng*%f ngrﬁ%‘l"yo?’(?%itﬁf“ﬁ%sé)d)%ﬂjﬁetw enesthe nﬁf:grr t&P9s I‘fl?l]:leilﬁg
expanded 3 to 90-fol d, an @refera ly 3 to.60fold. A particle diameter in
the rangdsAdHeif bt Gt & vt bndda® S, g it mradustsds of a
pol yol ef i nbased, synthetic resin material .in particular are inherently soft,
f1exible %oﬂ?ﬁ%r@/‘iﬁlgla‘“s‘l e REOGURES (esiuse dhFaPecdiiedkKiepsithat s
far nore deformable than starting nmaterial beads consisting of a

pol yst yr éfe- 32 dSEPREABE; cMabeTFhakatRGad] HEvi Haet RAGES e e8Tsf
expansion, so that the gacking properties in the present invention can be

i mpr oved $EE GEY | ¢l BRFY SePedts VEARERIGed (gt ggnéPéF?béﬁaPﬁcﬂf@nﬁ‘at eri al
beads of a polyol efin-based synthetic resin material has a | arge di spersion
in the fdleRsd a BYBE p’dbkmﬁédﬁpoﬁ&qq‘&tscorh%‘él“?glgaw"E?\‘“E%%’Ftisﬁépﬁat eri al
beads consisting of a polystyrene-based sYnthetic resin material.

Accor di ndi4eh wienPastag vaiigh i 3L ndiEfigrlbekfis PAck £15b| yoiehi haKgsed
synthetic resin nmaterial,_ the inproved packing properties of the present

i nvent i orP&&h IRPSEHP hol i Yy topmansiaghlEs - Mol ding Method 33 3 0 0
C T 2002

(2) The air expulsion means is controlled such a way
that the starting material beads are packed first in remote
portions at a distance from the starting material bead
supply means. In this case, molded products of good
guality can be produced be maintaining a suitable packing
density in remote parts where the packing density of the
starting material beads tends to be lower.

A desirable method for improving the packing
properties in parts where the starting material beéds are
difficult to pack is to pack the starting material beads in

the cavity as the amount of starting material beads packed
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The foll ow ng di e-expanded nol di ng net hod can be enployed with a
di e- expanded nol di ng apparatus 1 equi pped with the clearance 18 d&§diTHER
above. 3A° 3 0 0 CT 2002 This die-expanded nol ding nmethod is an expanded
nol di ng method in which starting naterial beads 5 are packed in the cavity
fornmed angegurinaundedhdyihhenaf asereny | paedapakieal pyolfe Za@pds Bindg he
beads are heated and expanded to form a nol ded product, and the nol ded
product ige6R0l ed and rel eased fromthe nold, wherein various service
fluids for the supply of steamto the cavity, pressurization and
depressuri zati §Rent REeSWIND Qg CRIPLESS] OBedhL) 23R lii,ke ar
mani pul at ed by ug?ng ?he intéﬁf%nld cavity %2 %oﬁﬁgnfcgﬁgﬁg%mf%hq?ﬁé cavity
4 through | garan ens in_the_quter i.pher.al of the
t wo nDIdsc%bgﬁg gﬂlocgﬁgéﬁgﬁ;fﬁg Bugggh e??%hggaﬁﬁgigﬁg?ggﬁ gligﬁéllthe
cavity 4 t t ar | o Lot i S;.a in i gh various
service fﬁﬁ?gs g?% 2%%%P#ggdan§e%heﬁ§?gssg?%eisi%djﬁgjééﬁgénlﬁaigzéase, t he
mani pul at | . Seryi fl ui t | ear,ance t he ni pul ati on of
5§ﬁu8h§§riﬁﬁ§ﬁg, U&xﬁj{yggg‘?‘égﬁa ?ﬁt%r%%l rtr%af&)é’ &

fluids to eI cavi e mani pu "on®dF S&rViITe 11 ui ds
ser vi co 1P aF o8 e P R0 SuRRALRA et S 1P Rhnhe SRt/ TER Butel RiEendent |y
ol di ng. cBRENt | BRe, PAFFRBagh “ERGTrirer Wiidepditiont HREHApuI e o 158

T 2002 THATEF bR HENt oA Tox B hed O c oy AL HoH b PEALS pPEsdident | on
one of +hBaFEr | hPRG dser AT Ghs LR TR hER S om RorRAHRY | niBr SIS cavi Ly
32. 1) The Eackiqﬁ air that is sent to deh%ver t he starting material beads

5 from t hEO588r t YA nlter FEPUR b nkP 28R Gl  HRe ST TiRP Bateial RedfSacki ng

step is expelled through the c|learance 18 forped at the seam of the nolds 2
and 3 I PRI SUBRIGOL REE e b, rEIE o el FBIET §9hn ¢ RBSZE: oFS pdiethor al

it hr UGRERGLL HAIATLI dBel 5 AAR1ae WBRREFaeL, A0S, AKe Eeem ng
T eres, SoRLEePogh e Bhoilins MachihirySRhntal POk, 5 DO RO o o
even whorhBRRSES S aebh froP GBI o5 AR de N B PRBFeLT Sinefor REGT ot a
doscr; bed EBELIAUPFIBELAS. JrOttts By WackMAGCHHE EReholimBaRta beads
4 is also adjusted through the cl earance

5, but the essure in the cavit
18. That F%g t?ﬁ?téi%ﬁ%ﬁég%Lﬁ%a?%dﬁdjusted to a desired pressure relative

to the pressurge of t a% %%%gair for sending the starting material beads

he
5 from the of &% FiCTaRBr TR Means « (1 SRR RSTRT  BACRi A fet hod

can be used, such as pressure 8ackiqg&w§quression ackiqg, and vacuum or
suction dﬁ&ﬁ?ymqupv iod, BaY e provide to supply th starting

material beads while the amount in which they are supplied

per unit time is adjusted by this supply means, bgt since
the starting material beads might be damaged or the cost of
the molding apparatus might be higher, it is desirable to
provide adjusting means for adjusting the amount in which
the starting material beads are supplied per unit time on a

current of air for packing the cavity by diluting the
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300CT 2002 the back pressure is adjusted to atnospheric pressure or

| ower. 35(a) 300CT 2002 3) Steamis introduced into the cigarange
18 to heat the portions around the clearance and into the cavity 4 to
facilitate the heating of the starting material beads 5 in the portions

dth i 4 I f ' he . [
matorial Beade 810 TRECERPL BERReR ETer EPhd BR e oB b P i ng
ti to b ' tarty .i_al d in the aout
per  phor ale GTAt 1Y R By U Eag? )0 TRk hECil e oa i) Hodtalt s nce
p

the flanges, 2a .and 3a constituting the outer periphery of the two nolds 2
and 3, whidWY54% 99dst required a relatively large vol une of heat and
were difficult to heat, are directly heated. Since it is possible to ensure
that the air isTpuF§8aTrer o t F&CoufBPCHELFpHEMRET ik avadha &E byhet eam and
to independently adjust the pressure through the clearance 18, the steam
pressure @9use conhtiholdhed oo i a3uding wea terisdgdigads saet iddgusedt by | i ke

relative to the chamber pressure so as to set the tenperature balance in
t he nol ds theangfgremenpienaim edddstings meAnsow hedrfdmal cdegteret odns in
the cycle time and energy conservation to be anticipated. 3v 300CT
2002 4) | qidddiidnoniso defdniedj eat i dipeof neweringl watadueduohraindre dgol i ng
step, the pressure in the cavity 4 is
dividing the volume of air supplied to the cavity during
packing by the volume of the starting material beads, and
the final degree of dilution is 5 or more, preferably
between 10 and 50. In other words, a final degree of
starting material bead dilution of less than 5 results in a
lower starting material bead packing density in parts that
are difficult to pack, so the value should be set to 5 or
more.
5, Blow Back: Improved Packing Properties in
Locations Facing the Packer
The followlng blow back operations should be carried
out immediately before the conclusion of starting material

bead packing in the cavity 1in the aforementioned die-

expanded molding methods.
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reduced through the clearance 18 to pronote cooling by the vaporization of

. moisture penetrating into the cavity 4 due to water injection, as $@I0CTde0?
"to expel drainage. In this case also, the cycle tine can be dramatically
reduced because of the ability to pronote decreases in tenperatures in the
fl anges 2a and 3a of the nmolds , which require | arge volunes of heat and
are difficult to cool. 5) Drainage which has collected in the clearance 18
and inter-nold cavity 32 is expelled during the nold rel ease step to renove
t he expanded nol ded foam As a result, the drainage collecting in the

cl earance 18 a in e jnter-nold cavit S. u f r. Jjnjection
during cooling?gén gégeF%%?hégggfghé§¥%gg?€§%gs§?b%§§tg%rghéggkﬁﬁaﬁ%acks
such as wetting_of the working,area, even.when the nolds.are opened to

ol cace t RECPYOHRCESIRE 2P T AP Raa B A ORE RERLES! Cadkng TRHIEE AT r st
alternative_enbodi pent of.the packing nmethod is described bel ow. This

packi ng n@?ﬁ%ﬁl?g g%?%a%?%é?%? gh%i%£%&%ﬂﬁﬁ&fﬁﬁﬁ%ﬁ F5tFar £2ugSt &° nol di ng
f oam 50 having a_ _conpl ex %hape such as thgt ﬁho in Figs. 8 and 9, for
exanpl e. FheCli eXf8RpafdedtaBldi AGtEppaftat B3RS d&TOM hdrer i F*dTtdNgce thi s
di e- expanded nol di ng apparatuys has essentially the sane structure_as the
afOrenEntméﬁéﬁlﬁie-giﬁﬁndéﬂ $g packed into “the cavity when the

starting materlal beads are being packed, and the pressure
in the cavity is adjusted to a positive pressure as the
pressure in the starting material tank is maintained during
blow back operations immediately prior to the conclusion of
the packing. With this structure, a current of air from
the cavity to the starting material tank is produced during
blow back, and the surplus starting material beads in the
packer are allowed to adhere to the cavity side, thereby
preventing defects 1in the return flow of the starting
material beads, and making it possible to prevent local
increases in the packing density caused by such defects in
the return flow.

(2) The pressure in the cavity is set to a negative
pressure relative to the internal pressure of the starting
material tank holding the starting material beads, so as to
allow the starting material beads from the starting
material tank to be packed into the cavity when the
starting material beads are being packed, and the pressure
in the starting material tank is adjusted to a pressure

equivalent to or lower than the pressure in the cavity as
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30 UC1tuUUZ nolding apparatus 1, only the differences will be described.
Parts that are the sane as those in the aforenentioned di eexpanded Bgt%i?g
apparatus are designated by the sane synbols, and therefore wll o 0
described in detail. As shown in Figs. 6 and 7, narrow, bottonmed conponents
40 that are _.diffi to.p fed. 4 n r . a
die-expangggléﬁélnd&ap%%rgﬁésgﬁg%%gﬁynéég|t|d%egéaglﬁ% ?ﬁ%ﬂé%#%#%ﬁd in

t he nol de r.oduc a o] i i 8, 9 hese. di ffi cult-to-pack
component SU3079A 53" 858 4P EBabt e s ar MBI 3 Y HE BB bk o Hiehe

di fficult-to-pack conponents 40, and e drain pipe 41 .is connected through
a drain vgﬂ}SRB\?&OgnE}ES\Xﬁ ecRF‘ﬁgi%?grve?]hé\%v? and "@@Wf fd PUHHHSi%e 22 and
vacuum pi pe 23, respectively. The sha of these difficult-to-pack
conmponent 8Ty ¢8kd Jt%é\c]r %‘F%‘?a@eﬁ)o%f‘ti R S et tYeSPPEGLalor di ng
to the shape of the nol ded product. For exanple, pouch-shaped recessed
conponent §e£8FkEd PN tRENBPELTD FRRE #BI He® $APRIURITISH t3F protSarhiiods or the
| i ke, or renote conponents which are at a distance fromthe packer 26 ,
such as afdund the clearance 18 shown in Fig. 6, can be handled in the sane
manner as the difficult-to-pack conponents 40, when it is difficult to pack
such conponent §3wi t Natgadt HlawhPardt et aFabehed SutTRE pnesehiustedent i on
can simlarly be applied to nolds which do not have conponents that are

di ffi cul t PEgsSpHER. agg desrgbedr 7poethieng s( bhckidg (Aot We@inghdlow

af orenenti oned chanbers 30 and 31, inter-nold cavity 32, and space 33 in

t he drai nbpicke opbragdonsaimoedfenetie pEdvict §o4 thiedepniciasdoai wivdahee DV4
constitute an air pressure-adjusting conponent for the expul sion of, and

t he simul pacédng.adj ibenenstaftihe prestertabf, sipplsupplbicliesl omgen th the
starting material beads 5 when the starting material beads 5 are packed
into the sabsegugéntAyqeddsegl efsydtvenm abptuespul sénd frbaendorsedomjosed of
ai r expul sion neans fromthe chanber 30 through the drain valve DV1 to the
drai n pi peagk dis VidrumgpipedRutai r Ehpal shenreeanbatr dimet kst agttdmiger 31

t hrough the drain valve DV2 to the drain pipe 22 or vacuum pi pe 23, air
expul si onmasgmd aflr hraadse imt Bre nbhrgkeavifilpw3adi obghot lfbedrsdiartialove DV3
to the drain pipe 22 or vacuum pi pe 23, and air expul sion nmeans fromthe
space 33 matemaapi senkhrough t he

6. Die-Expanded Molded Foam
The density in wvarious parts of the die-expanded

molded foam pertaining to the present invention is adjusted

to within = 5% of the mean density, preferably within + 4%,

more preferably within = 3%. Such a molded product was
considered difficult to form in the past, but can be
produced according to the aforementioned die-expanded
molding methods. The time of the heating and cooling
cycles during molding can be shortened, and thin-walled
parts and the like with satisfactory strength and rigidity
can be ensured, while lighter molded products can be

produced.
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drain valve DV4 to the drain pipe 22 or vacuum pi pe 23. One of either the

- air expulsion means with the inter-nold cavity 32 or the air expul sGan0CT 200
means with the pipe space 33 nay be onmtted. At |east one of chanbers 30
and 31 and the inter-nold cavity 32 may be divided into a plurality of
spaces to provirgempllesabrsystent 8k sexput sio8 Meantoldeahpebadides pliural ity
of spaces serve as air pressure adjusting conponents. When there are

several digffiicgul 1+t gopaak KOMaesenss140.t0! HRAL - $¥st eApAl heexhYlSsign means
in 39 ~ 00 CT 2002 which an drain pipe is connected to each of the

plurality of .difficult-ta-pa onponent s y, furthernore be provided.
Control nE&Ns “H6t Psﬁéﬁno?ng?ﬁéeﬁigg gu?%? ?%dvébgrﬁjd%m Ir%/) c%%t?gef IM97g" each of
t he af orementioned drain valves DV1 through DV4 are provided, and these
drain val ¥e8spfY t AHNGdYReDVANREE adPondtiled | yFhontdasuesd lﬁf t &Nt r ol
means when the starting material beads 5 are bei ng packed, so that the
i nternal FREPIEXALY n1fhel chawber 8089, arhare tihe | Aedregol af caBhiane 32, and
t he pi pe space 33 are each adjusted, independently or in any conbination.
An adj ust iasgpdiexigupplsy pepned bg ddenavireric bealwealufe opdcikineg giype 28
and the shutter 27 nounted in the starting material tank 24, and adjusting
ai r havi ngixididingabtlee psessare iaresuppki ethe omphdegaagkiodpgli pby2&Hsy neans
of the adjusting air valve V3 located in the adjusting air supply pipe 42.
The adj ustvolgmeeangrich cosposasuoédt hys cadjwstt ngtladose sappwhiphped? and
adjusting air valve V3, and the starting material beads 5 is supplied from
t he start iwad lnetleiclaledsandf 24heo thihie -padiiedg gopel &8 whf| ehei ImdlettdM t h t he
adjusting air The anmpbunt of adjusting air supplied is varied so as to
adj ust t heradowtt of $0amm ng Nt ami; alarkatisoSe supplwieidiped womi tldssme to
t he packing pipe 28, that is, the final degree of dilution described bel ow.
The start ibegdsatare afiibpasksd Sinarthiee Shijgitnesswisan dheestaoti og raieer i al
tank 24 to the packing

thin-walled portions of the molded product.
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pi pe 28 by a supply neans such as a screw conveyor, in 40 300CT 2002
whi ch case the adjusting air valve V3 and adjusting air supply pipe 42_can
be omtted, and the rate at which the screw conveyor rotates can 50 O&F 1Y
to adjust the anmpbunt in which the starting naterial beads 5 are supplied
per unit time to the cavity 4. An exanple of a nethod for packing the
starting material beads 5 using the aforenentioned die-expanded nol di ng
apparatus 1A is described below. First, the core nold 2 and cavity nold 3
are closed, the air in the starting material tank 24 is pre-pressurized,
and the air in the chanbers 30 and 31, inter-nold cavity 32,. pi pe space 33,
and cavity 4 is pre-pressurized. The pressure in the chanbers 30 and 31,
inter-nold cavity 32, pipe space 33, and cavity 4 should be adjusted
according to the degree of packing difficulty. Next, the packer 26 filler,
shutter, packing air valve V2, and adjusting air valve V3 are opened to
begi n packing the starting material beads 5. The packing air pressure in
the packing air valve V2 is at least 2 kg/cn2 or nore higher than the
internal pressure of the starting material tank 24, and is adjusted to an

absol ute valfg OE §éRE§fﬁﬂEcm‘ A as

Fig. 1 is a vertical cross sectional view of a die-
expanded molding apparatus;

Fig. 2 is a cross sectional view of line 11-11 in Fig.

Fig. 3 is a vertical cross sectional view of the area
around the through-holes:;

Fig. 4 is a front view of a core vent;

Fig. 5 corresponds to Fig. 2 of another die-expanded
molding apparatus;

Fig. 6 is a vertical cross sectional view of the die-
expanded molding apparatus used 4in the first packing
method;

Fig. 7 1is a cross sectional view of line VII-VII in
Fig. 6;

Fig. 8 is an oblique view of a molded product;

"Fig. 9 is a vertical cross sectional view of a.molded

product;
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or higher. 'During packing, the starting material beads 5 flowinto the
cavity 4 while diluted by the conpressed air in the starting naterizg (tRI8]
24, the conpressed air fromthe adjusting air valve V3, and the conpressed
air fromthe 41 300 CT 2002 packing air valve V2. In ternms of the
vol unetric ratFaghetioeds aheeaiticandcsbakt segtieheli alieeadsthef kowing into
the cavity 4 at this tine, the final degree of dilutionis set to 5 or
nore, andeppahaeabl mobaingenagfasatus0, uydier e henki nakcdaar eﬁa@iiﬁ' l'ution
is defined as the nunerical value obtained by dividing the volune of air
supplied fathBa;cavity 4 during packing by the volunme of the starting
material beads 5. Wien the final degree of dilution of the starting
mat eri al beadsFﬁgl.slqr%t gh §930s%8atiBR 8FOUAL ﬁ&cﬁiﬁ‘%tﬁéﬂs grial beads
5 packed per unit time decreases, resulting in the problens of” a | onger
packing time, aijkonger ol dihng evederdiidh &pPdcgredt i I C jon. The
range is prefer?igl y between 10 and 50, ]because \%Een t reﬁfl{%alﬁg?j%g?ée% of
dilution | o] . han here is greater contact and there are nore

S temn; . . . .
coII|S|on§gggt§§%ﬁ&?§eségaﬁﬁlng material beads 5 in the packing pipe 28,
packi ng pi pe 28, .qr i r ti [ pt.qbl of _l.ncreases in the
resi stance hang%??hg t ekﬁgéﬁpﬁge%#gthggst€?%$§a %gtéﬁg%IEggggé %?gand t he
starting QBE%%ial beads 5 interfere with the current of air, resulting in
t he probl eémof poor packing. However, when the starting material beads 5
are supplied by.a suyppl.y uch, a crew, conveyor, the rotating speed
of the screm/c%ﬁ éygg f§;2§?€§¥€ﬁg?% ?ﬁgs eggPan??gaylgggP eQﬁéEﬁ1ution
so as to establigh . in.which the starting material beads 5 are
suppl i ed SéPaH‘%Fa 't“%’?r@lﬁgvgﬁéa’é% { 4. 42 300 CT 2002 The conpressed

ir thus flow [ t.h Ly, i th ft nmb 30
and 31, the | hep: nifla ot {VeuboRhoSTRES bRGeRORRE Yiofhetian 4

t hrough-hol es 15 _and.the clearange 18, At this tinme, the pressures in the
chanbers %ﬁpﬁﬂéegllpo%%%nf’n?@?ﬁ%f‘dsc‘&ﬁﬁya%%%h%cftt%ctﬁf%% sadbé;e 33 can be
adjusted, indiyidually.or_in, onpination, b sing the drajn val ves bvi
t hr ough DV4, s 19ha¥'tﬁ% %?a?’??ﬁﬁgﬁﬁn?%??a?Pb%a%‘)s/alé:Jc'ﬁ "bagteﬁjragf[ rlﬁ*af@ied into
parts which Ere diff%cult to pack with starting material beads 5 in order
to controP?PrHRYuPAF “@ensity in the various parts of the nolded product and

to ensure_g bl e.packing density. FEor examle  whe e interna
pressuresD ]E:Bl : fet 0 ' f e "393’ 0 ".'v;"gd""' and pi pe space

D y - l
33 are at or beyopd the set £essyre, the drain valves.DV1l through DV4 are
successi vel y o%%ﬁg ,rgﬁd%m%§§ WSt Opr Wir £TEEEP th%v%?%%?nc er 30 >

hanber 31 > i d cavity 3 ' 3, the drai lve DV4 i
openca 1 pecoriban BR TrePhkb Vederetil o BT R " Ve P e

Die-Expanded Molding Apparatus

As shown in Figs. 1 and 2, the die-expanded molding
apparatus 1 comprises a mutually opposed core mold 2 and
cavity mold 3, bead packing means for packing _§tarting
material beads 5 in a cavity 4 formed by the core mold 2
and cavity mold 3, steam supply means for allowing the
starting material beads 5 packed in the cavity 4 to be
heated, expanded, and fused by steam, and cooling means for

cooling the molded product.
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pack to be packed with the starting material beads 5; and when the internal
pressure of the chanbers 30 and 31 and the inter-nold cavity 32 i @@@ﬁﬁﬁl
as the parts 40 that are difficult to pack are nearly conpletely Bg

with the starting material beads 5) the drain valve DV3 is opened to all ow

the outer periphesycéfet helgavi tand &@vb@{pﬂ§K@dBV\ﬁdﬁ’é theafpard iy gaterial
beads 5. 93 300CT 2002 The drain val ves are thus successively opened

in the order, of, ascending Sei MESTHIHd DA PWNE Gavi BM%“ 18 ﬁ&@acked
d | net oa, T

with the starting nmaterial beads 5. In another contro € packi ng

starting m ntrof " |
packed as Thelhl o broeet HheRTRE hcrafs BRAL L ol oy lRCRRR A G om

the drain val ve Dv43 ght e first ste the air pressure in the inter-nold
cavity 32 HHU Fve "osb & 3FGRAGRF 0F4¥n val ves DV3 and DV4 in step 2, the

air pressure in the chanber_ 31, inter-nold cavity 32, a i pe, space 33 is
control | ed um:%f W?\kﬂ\ﬁ%ﬂ%ﬁﬁ?f#%%ggh%BVQPQ ﬁ&oiﬁg g?rgﬁg%k% RIjin
chanmbers 30 and 31, inter-nold cavity 32, and pipe space 33 is controlled
usi ng drai%f vePTRsVENES t hPoBRH BOFS /{(Ppér hode sstldy 1355y HREMed ain beis 5
have thus been packed, the filler of the packer 26 is _closed, the adjusting
air val ve ag¥g <nldsedanghea¥ihyt MRgdmar e@ndl theadh apbedsaid®i mnd B he
packer 26 and packing pipe 28 are returned to the starting material tank 24
usi ng fil Igqmuylcatiend igdc Kihey cadity #s thRergBofprethBEOBEh M @keshgl § he
packing air valve V2 and shutter 27, and a series of common nol di ng steps
conprising heating, cooling, and nold release is then carried out to obtain
t he desired nol ded product. Ml ded products formed in this manner, which

i nclude, for exanple, those in which the degree of shape conplexity 44 3
0 ocr 2002
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is.1.1 or nore) preferably 1.2 or nore, nore preferably 1.3 or nore, where
- the degree of shape conplexity is defined as the nunerical value o%hfiafg
by dividing the surface area of the nol ded product by the vol une, 8l 7082
measured by cmunit, those in which the wall thickness of the thin walled
portions of the nolded product is 10 mnmmto 3 nm preferably 8 mrmto 3 mm
nore preferably 6 nrmto 3 mm and those in which 3 or | ess beads are

di sposed in the thicknesswi se direction of the thin-walled portions of the
nol ded product, can have good quality with little irregularity in density,
wherein the density,.in varj ar t,s | d r t o it hi,n ,
preferably mﬁtE?% yﬂ%gnané{ggz%ghnﬁei%&%?&fab fpw%ﬁ#%1végg!o#btﬁg§%ean
density, vl ar's rP?thgc%% pfﬂ?%“gattsca‘gg{m%%th%‘é%%ofl"se%r‘f)m“eﬁ |3, gen Legarded as

bei ng di f AICUT %o p res Invention’is etfective and usetul for

| ded prodyct s, whi ch | d h | h th I
ol ded pr GGt s2wAR S SHabs s uch s conPAr REPESr Y CARETST Hbod es.
It i ticularly advant, f | ded articles haying both thin and
thi ck wal [%1%Fest's B Sidds sPhg MU 93T ST Hetl Br Buct& Hdiied by

packing starting material beads_5 according to this packing nethod are
descri bed db‘@l”t?\fv}.%r 48han 3 thag oF IH6o %gjt%eg‘aGPrﬁ'ﬂllde%e%ﬂ%i el &F 50 were
manuf act ured by packingﬁ;he starting material beads 5 by four packing

met hods (i@t A RS al 7Bedds FamBEE phe k EBebyP ATtk et IRIE g,

pressure packing, and conpression packing, and by the nethod of the present
i nvent i onASasShRthots Féf- packite tIRFStERTE ngohes eftarTBef@smed ¢n
manuf act ure a nol ded _product 50 having the shape given in Figs. 8 and 9.
The densi thronw&®Tfedodfled 04t FEVELE B2L1dnP dafRd 52T qhr pagl-To3les athe
partition walls 57. of the nolded groduct 50, as shown in_Fiq5 9, with the
results sHoWliar Fdsmeter thennbhatdopr baect tarbimg i Patemial Peagls 5.

manuf act ur ed bﬁﬁrsing pol ypr opyl ene beads having a degree of expansion of
53 times. The ABIA@E@Spredadd B8 arBokorype PAvViRY antentReTRBarofofa depth
of 40 cm a width of 25 cmand a height of 14 cm It has 5 ribs having a

t hi ckness ¥ ¢¥ecold & PoAgPeddtraloadds ondP i d° iR e B thiRiHdss of 0.8
cmin a transverse direction. The weight is 160 g, the degree of expansion
s 45 tines COTETHEIAGOEISh ShapEREbpl ExFEyOTEh 2th, CHORF AN & of
shape conplexity of rectangular parallel epi ped having a sane outer size is
0.27 and TIRFWRSEY dbooLOTRaPE 1A0APRES PFVLFY AVBLS-§ PRt Hbl HiRl TGt It

without ribs is 1,04.
closed 1is formed between the flanges 2a and 3a. The

clearance 18 between the core mold 2 and the cavity mold 3
is smaller than the diameter of the starting material
beads 5, to let only the air supplied to the cavity 4 along
with the starting material beads 5 to pass through when the
starting material beads 5 are packed, so that the starting
material beads 5 stays in the cavity 4. The clearance 18
may be formed along the entire periphery of the core mold 2
and cavity mold 3, or it may be formed locally in just the
necessary portions. As shown in Fig. 5, moreover, the

clearance 18 may be plurally divided (into two in the
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46. 3 0 0 CT 2002 (Table 1) (unit: g/L) Conventional packing

- met hodsPacki ngMeasured | ocations cracked pressure conpressionnet ho (p@CTZWZ
packi ng packi ng packi ngi nventionTi p15161721M ddl e18191920Base24222120 As

shown in Table 1, the density decreased fromthe base 54 to the tip 52 of

the partitdQuMal | safd 5np&h%aﬁf@kge@fpri%‘:‘é(ilt-ﬁloﬁ'aﬁ@éciﬁcfi@é packifng the

starting material beads 5 using conventional nethods, whereas the density

vas gener gl \uild UdPldh i # ded (ReoduGLa 1 pEQAUEeH: DY -RACKL Ngg L he

starting material bea I n accordance with t packi ng od of the
present 'nventWﬁ% &ﬁ%ﬁ%£¥g 30 and 31 and the inter-mold cavity 32

are connected through service valves SV1, SV2, and SV3 and
service switching valves SWV1 and SWV2 to a steam supply
pipe 20 and air supply pipe 21, respectively, and are also
connected through drain valves DV1l, DvV2, and DV3 and
switching wvalves SWV3 and SWV4 to a drain pipe 22 and a
vacuum pipe 23 equipped with a vacuum pump P, respectively.
Service fluids such as steam or vacuum air can be
individually supplied to or expelled from the chambers 30
and 31 and the inter-mold cavity 32 by the operation of the
utility valves SV1 through 5V3, the drain wvalves DV1
through DV3, and the switching valves SWV1l and SWV2. Also,
when the clearance 18 and inter-mold cavities 32 are
plurally divided as described above, the service fluids may
be individually supplied to and expelled from the
respective inter-mold cavities.

The bead packing means 1is described below. As shown
in Fig. 1, a starting material tank 24 1s provided for
storing the starting material beads 5. A suction pipe 25
is connected to the starting material tank 24, and the
suction pipe 25 is équipped with a suction wvalve V1, this
suction valve V1 being controlled to adjust the internal
pressure of the starting material tank 24.

A packer 26 which opens into the cavity 4 is attached

to the back plate 11 on the cavity mold 3 side, a shutter
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words , it may be seen that nolded products of good quality and little
irregularity in density could be produced by the nethod of the prgg@@i
invention. It has been necessary to design conventional nolded pr ;2@%
the basis of the parts with |ow density so as obtain sufficient strength in
those parbg wist Brhawndansit ¥ner esdktiRg hBcbPeaProbhem of fgavign ool ded
products, whereas the generally uniformdensity in the various parts of the
nol ded prggdugt, i Ne-{ue aayeatap,al Lo ubki ci e engt h
o LD L e A R R S b A B i)

to be ensured, ter | ded products to Created, a nts of
starting i.al S t se %%ﬁ{i t he nyf act ur,i hg costs
of the rm%égrr%s%dﬁg?% 2%7 %r%eoéh(? %tlé%%]é; I'n ehriqgle:%&gji%rr&ntl,n ;{_fpee
internal pressure in.the cha rs,30 and 31, inter-nmold cavity 32, and pipe
space 33 6AetaBk rRiiaddAn CHTh Alndr S RUPRHE Fe B Fr iR bus
parts of the ded odu was upjform . put it is also possible to locally
i ncr ease Fﬁ8mggbﬁiRagggﬁsﬁkleEOtﬁbeng}f Yig*material beads 5 in portions
where greater strength is desired. The present invention can, of course,

al so be applied to form nol ded products with various shapes other than that
of the nol ded product 50. Second Alternative Enbodi nrent of Packing Method A
second al ternative enbodi nent of the packing nethod is described bel ow. As
shown in Fig. 10, the die-expanded nol ding apparatus 1B used in this
packi ng nethod differs fromthe af orenenti oned di e-expanded nol di ng
apparatus A in that no clearance 18 or inter-nold cavity 32 is forned

between the two nolds 2 and 3 , the drain pipe 41 and drain valve DV4 are
omtted, and the drain valve D3 and service val ve SV3
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are omtted. The structure is otherw se the sane, and parts that are the
sane are therefore indicated by the sane synbols and will not be did sl
in detail. Characteristic features are, first, that at |east the pressure
of the chanber 31 on the core nold 2 side, where the aforenentioned parts
40 that are difficult to pack have been fornmed, is controlled so as to

mai ntain a negative pressure relative to the atnospheric pressure of the
packed 48 300CT 2002 starting material beads 5, and part of the
predet er mi ned packi ng anmount for the entire cavity 4, preferably an anount
corresponding to the aforenentioned parts 40 that are difficult to pack, of
the starting material beads 5 is delivered and packed in a concentrated
manner in the aforenmentioned parts 40 that are difficult to pack. In this
case, as shown in Table 2 below, the concentrated packing should be
facilitated by the supply of air under pressure to the chanber 30 on the
cavity nold 3 side. A second feature is that the pressures in both chanbers
30 and 31 are adjusted during the aforenentioned concentrated packing to a
negative pressure relative to the atnospheric pressure of the packed
starting material beads 5, so as to deliver the rest of the predeterm ned
packi ng anmount of the starting naterial beads 5 and pack themin the entire
cavity 4. In this case, the standard pressure serving as the atnosphere of
t he packed starting material beads 5 can be represented by the increased
pressure of the starting material tank 24. These operations are descri bed
in further detail in the steps in the followng Table 2. 49

A packing air supply
pipe 29 is connected to the packer 26, and packing air of
suitable pressure is supplied by a packing air wvalve V2
mounted in the packing air supply pipe 29. The internal
pressure of the starting material tank 24 may thus be set
to atmospheric pressure, reduced pressure, or increased
pressure when it is set to or above the internal pressure
of the chambers 30 and 31 and the inter-mold cavity 32,

A material with physical properties suited to the
conditions of use or the like of the molded product_that is
to be prepared should be selected as the material for the
starting material beads 5. Polystyrene-based synthetic
resin materials, polyolefin-based synthetic resin materials
such as polyethylene or polypropylene, or copolymers and

the like of such synthetic resin materials can be used,

w
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3 U0 CT 2002 (Table 2)

Ser vi ceDr ai nDr ai nPacki ngSt epShut t er val veval veval veai r Det ai | s2~SV1DZLUDY2V 0¥
e V2Packi ngcl osedcl osedopenopencl osedl ncr easedst andbypr essure 1st packi ng
open ? cl osed ?

openPor t i ondelTheer@sore ant r ataics Dae dop erie, stEatcert mitedpack ivrigmeki ngAd)
usted rcl osedopen~, ~Packi ngpr essur epr epar edPacki ng2nd

packi ngopenteperd® g etres bfd tdk v tor- filNatdd=alt iblpwRackA-Nagknd b owo en T
~openFor ced bl owbackp~back Note: "closing" of drain valves DV1 and DV2

| ndi cat eg, @ At F@sPHesE c3expuliSioon itk sadisusired xRl Si @ elidtialrd), I n the
packi ng standby process, the starting material tank 24 is pressurized to

about 1. ?sd%!fi”rné; h2te BXATP R adshednOL HBIPESS 30 RAY 3L A ddidagt ed to

about 1.0 kg/c for exanple, and the pacKing operations axe prepared at a

pressuresg;}rfﬁlféﬁrgilaésm IaslegfiglZSﬁaﬁfaﬂBega%gﬁ&é&uget@i hioRy-gahigal 1S

preferably set wthin a range of 0.01 to cnk for the sake of the

packi ng ra{f protd A1Y Y. t6286-256169NWhehe 809rtRfg! hk®erial beads
consisting of a polyolefin-based synthetic resin material
should be expanded 3 to 90-fold, and preferably 3 to 60-
fold. A particle diameter in the range of between 1 and 10
mm can be used. Starting material beads of a polyolefin-
based synthetic resin material in particular are inherently
soft, flexible and highly gas-permeable, resulting in a
particle shape that is far more deformable than starting
material beads consisting of a polystyrene-based synthetic
resin material having the same degree of expansion, so that
the packing properties in the present invention can be
improved in a particularly effective manner. In general,
starting material beads of a polyolefin-based synthetic
resin material has a large dispersion in the form and a
poor packing properties comparing with starting material
beads consisting of a polystyrene-based synthetic resin
material. Accordingly, when using starting material beads
of a polyolefin-based synthetic resin material, the
improved packing properties of the present invention can be
shown more easily.

Die-Expanded Molding Method
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(2) In the first packing process, the drain valve DVl is closed, tga \
shutter 27 is opened as the pressure differential between the pres r QLT 402
the starting material tank 24 and the chanber 31 is nmintained, starting
materi al beads 5 are delivered, in an anmbunt corresponding to the 50 3 0
0 C T 2002 volruse ﬁblnheia@oréhen@kbn@@e@afm%ﬂdﬂpﬁruﬂeﬁﬂ%éhﬁqﬁﬂ ch® to
pack, into the cavity 4 for the next concentrated packing step. (3) In the
concent r aid ohaekivagrsteepdie hexpappey obldhegserparA§UAatlerd@linmeads 5 is
tenporarily suspended, the service valve SV1 is opened, and the chanber 30
I's pressyrizeqdpkoc-a2bavhnde01808688ribed exawpl e. In this case, the chanber
31l is adjusted to a pressure of about 1.8 kg/cnR, for exanple, to maintain
a pressure differential of about 0.2 kg/cn2. In about four seconds, a
current of air fromthe chanber 30 to the chanber 31 is produced by the
pressure differential, so that the starting material beads 5 delivered
earlier for that purpose flowinto the difficult-to-pack parts 40 and are
packed in a concentrated manner. In this case, the pressure in the chanbers
30 and 31 should be set higher than in the case of the earlier first
packi ng process as noted above. At this set pressure, the starting material
beads 5 are pressurized nore forcefully and are conpressed to a | ower
volune, resulting in the advantage of nore efficient flowinto the parts 40
that are difficult to pack. 'This pressurization should increase the
pressure in the starting material tank 24 to within a range of 0.01 and 5.0
kg/ cn2 as the aforenentioned pressure differential is naintained. 51
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3:00CT 20D2 (4) In the subsequent pressure adjusting step, the

pressuri zation of chanber 30 is stopped, and the pressure in the chanbers
30 and 31 and the internal pressure of the starting material tank 24 2§ @CT 200
returned to where they were in the first packing step to prepare for the
second packing step which is the next full-scale operation. In the present

i nvention, the aforenentioned first packing step, concentrated packing
step, and pressure adjusting step should be repeated as often as needed
when the aforenentioned parts 40 that are difficult to pack are
particularly deep and narrow, or when there are nultiple parts 40 that are
difficult to pabkis (53i¢meipandsk ot ISHAE ngisiieys the pressereaiégedhe two
chanbers 30 and 31 is adjusted, the sane pressure differential as in the
first packinkiisngp medhioder ins wHight aistegtiaad makeyeadi bardsof 5t hare
predet er mi ned packi ng amount of starting material beads 5 is delivered and
packed in paekehti ke cdbetycavitg) Aowngdt h@ndextsynnamdsdw Wacktiaad
second bl ow back steps, in the first blow back, referred to as natural bl ow
bank, thataferasnisthalitpaithef aydrdss of gpatked sharbeads naterhehtddads
forma barrier and cause the packing air to flow back in the packer 26 when
t he startiargd matxgrainadledbetds forar eapacketkd nprhducayi tandl, tieereabdéde
second bl ow back that is then carried out conprises forced bl ow back in

whi ch t he prddicof itshecpatkér &fil i sedtkased offom52he 3md1Q@,C whe&P&Ph and al |
of the starting material beads 5 left in the pipes such as the packer 26

and the pagidigupi perdd.ckl ofbuldck foft othde ssipilyi Nngf M egdml tbankn@4. Wien
t he above starting naterial bead 5 packing steps are conpl eted, the
fol |l owi ng dwepityg ptepshsizuidierd ad¢e. depressurization, the supply of
compression air, and the like are manipulated by using the
inter-mold cavity 32 communicating with the cavity 4
through the c¢learance 18 at the seam in the outer
peripheral part of the two molds 2 and 3 located at the
outer peripheral distal ends 4a of the cavity 4 when the
two molds are closed; that is, a method in which various
service fluids are supplied and the pressure is adjusted.
In this case, the manipulation of service fluids
through the clearance by the manipulation of fluids to the
inter-mold «cavity 32, and the manipulation of service
fluids through the through-holes 15 of the molds 2 and 3 by
the manipulation of service fluids to the chambers 30 and
31, can be carried out independently or in common, a matter
, which can be suitably selected according to the molding

conditions, although the former independent manipulation 1is

preferred because high-precision operations can be managed.
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In the description thus far, the parts 40 that are difficult to pack were

| ocated in the core nold 2, but a nmethod in which the chanbers 30 %qpﬂ§ﬂﬂmp
the description thus far are reversed can be used to obtain exactly the
same action and effects when parts 40 that are difficult to pack have been

provided in th cav%% nmold 3. In this packing nethod, the structure is the
same as above,$5?lo géﬁTﬁﬂﬁ%quéL %%Rgngﬁgfi@gigng pagkod udf adbeecesses
havi ng a difficult-to-gaok pouch- shaped cross section, to be packed in the
same nmannRFeR8ntndNEEREACPaFRE. e Ul iihvRrRRklaenést ¢idiesneed on
according to_|location in expanded nol ded foam which is a box having a
di f f er entmeh@pegf MshlPab| eontaininheadedreds tof OBRaE cbhpl SHaltpwiiadn. 44.
Here, the horizontal axis (A) represents the convex protruding tip forned
in parts eharabitendi pfiedl the cafricdendaignadsiing athenqgduciavdiiapéd - r ecesses
and edges of the peripheral wall of expanded nol ded foam the axis (B)
represents thelhwal | Thect papkbiigt lerexphatedislsgad f bam dahivathethei s (O
represents the bottom part. The results show that expanded nol ded foam
obt ai ned dyarntivgventeonal bebkded,S5 asramdilvat etabyifig madeextiemehk 53 3
O 0O CT 2002 irregular density, where parts A and B had extrenely | ow

24 in the starting material bead packing step is expelled

through the clearance 18 formed at the seam of the molds 2

and 3. In this case, since the air is expelled from the

outer peripheral distal end 4a portion of the cavity 4 in

conjunction with the expulsion of air through the through-

holes 15 of the two molds 2 and 3, the starting material

beads 5 cross through sufficiently without the molds being

cracked, and irregular packing density can be prevented.

The advantage of better starting material bead 5 packing

properties can also be obtained even when the expanded

molded foam is a deep container or when the distal end has

a complex shape.

2) Not only is air expelled in the manner described

above during the process for packing the starting material

beads 5, but the pressure in the cavity 4 is also adjusted

through the clearance 18. That is, the back pressure is

adjusted to a desired pressure relative to the pressure of

the packing air for sending the starting material beads 5

from the starting material tank 24, so that the optimal

packing method can be used, such as pressure packing,

compression packing, and vacuum or suction packing in which
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density, and part C had high density, whereas the packing nethod of the
present invention, as indicated by 0, reduced such irregul ar densg%% Ei
about 1/2. In this case, density of each part of the expanded nol 0L
is between 16.4 and 18.2, which is in a range of 5% of the average density
of 17.3. n i dig aused by
cracking gg%%ﬁéggfh F%Qgggﬁogﬂ;aénfh &$ tcrggb gHggéth%gﬁk%%ﬁgbgﬁﬁlng
There is gﬁ need for a greater nunmber of packers, which can be kept to a

m ni mum omnng t he amounts of service fluids such as packing air to be
greatly reduced. The nunber of packers arranged per nol ded product can al so
be reduced to nake nore effective use of the entire nold surface area,
resulting in advantages such as the sane higher productivity that is
obt ai ned with conventional nolds of sinpler shape. Bl ow Back Met hod Anot her
enbodi mrent of the bl ow back nethod is described bel ow. The bl ow back step
is a step in which the starting material beads renmaining in the packer 26
or packing pipe 28 are allowed to blow back into the starting naterial tank
24 after the end of the packing operations, and is nmanaged for all types of
packi ng net hods, including cracked packi ng, pressure packing, and

conpr essi on packi ng. 54 300 CT 2002 The structure of the starting

mat eri al bead packing systemis discussed first. As shown in Fig. 12, the
packer 26 is conposed of a packing pipe 60, through which the starting

mat eri al beads pass, and a flange 61. The distal end of the packing pipe 60
is connected through the chanber 30 to the through-hole 62 fornmed in the
cavity nmold 3. A packing air channel 63 opening into the supply hole 62 in
the vicinity of the distal end of the packing pipe conponent 60 is forned
al ong the packi ng pi pe 60 inside the packing pipe conponent 60, and is
connected to the packing air supply pipe 29 in the base of the packing air
channel 63. The nethod is the sane as that described in the
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Rel ated Art in that the pressure in the chanbers 30 and 31 is adjusted to
0.8/ cn2, for exanple, in order to adjust the pressure in the cav%t Uﬁ‘@@ia
negative pressure relative to the pressure in the starting nmateri‘al “ta

24, that is, a pressure which has been adjusted to 1.0 kg/cnR, for exanple,
so as to deliver the starting material beads 5 into the cavity 4, and
packing air with a pressure of about 6 kg/cnR is discharged through the
packi ng air valve V2 through the packing air channel 63 fromthe distal end
of the packing pipe conponent 60, as indicated by the arrows in Fig. 12(a).
A feature of the first enbodinent is that natural bl ow back begi ns when the
cavity 4 is filled with the starting material beads 5 thus delivered, such
as the state shown in 55 300CT 2002 Fig. 12(b), but that blow back is
carried out at this tinme by controlling the pressure in the chanber 30 and
31 to between 0.8 and 1.5 kg/cnR, for exanple, so that the pressure in the
cavity 4 is maintained at a positive pressure as the pressure in the
starting materjal fank 24 is i nt ai ned,. specificall S intained at 1.0
kgi o2, The. sebond® Cfbdl rebE LT QI ittt TORTRACE whent k@R el bl ow
bl ack begi.ns, bl ow back is(%gégigggout by controlling the pressure in the
starting HatePPEH s DrERAFB Ey AV EhC t19'¢ HeA B stire®in t he

cavity 4, at 0.8 kg/cng, for,ex%ggle, or to a nﬁggtive pressure, while
mai nt ai ni FRCHE Hreddi 95 1He Aavilty stanting Mateihdds, Peadsitidt ng the
pressure at 0.8 kg/cn2. In this case, the pressure in the starting materi al
tank 24 sheRil PFEILASUSRBAURE bEttweEAVALE ahd BIBING/ &he  FHePmeSQum
pressure differential of the pressure in the starting material tank 24
rel ative ReREHRE Pltss ARcE &, siee tdagi PPtariastPeaa®. 5 kg/cn2, as indi'cated
in the first and secaond enbodj nents. In this packing step, natural blow
back is carriedtsut aFkqEASsuthepral @ tonditt i 8A4OVERE pRundReT Ml t 6. 4
in the plunger 61 js then gushed oué %p t he sane manner, as in the past, and
the startMotfiRd et bRalesd55AyPREI £e63UsFE (the AT dMdth%iale cl osed
off by the plunger tip 65. The expande | ded foam t hus obtained is not
conpr oni ;‘é%‘%ﬁ/ %sin ey OBtéerfﬁé_ggFﬁa ogg?'ﬁ%gk??lg fﬁ rtRe | B near
the packipg hol g8 02t 28aD8RPE RehPeGONYENLL OPAL RACKAY B NOdS 5,

constituting the outer periphery of the two molds 2 and 3,

which in the: past required a relatively large volume of

heat and were difficult to heat, are directly heated.

Since it is possible to ensure that the air is purged

from the outer peripheral distal end 4a by steam and to

independently adjust the pressure through the clearance 18,

the steam pressure can be controlled to a positive or

negative setting or the like relative to the chamber

pressure so as to set the temperature balance in the molds

2 and 3 to optimum conditions, allowlng dramatic reductions

in the cycle time and energy conservation to be anticipated.



This action is attributed to the foll ow ng phenonenon. Wen bl ow back is
carried out as in the enbodinents, the pressure in the aforenentiongd(T 2002
cavity 4 and starting material tank 24 is adjusted under the pressure
conditions given in the aforenentioned first and second enbodi nents, so
that the current) of Iai radd¥thgnt he sthet i igjemtien abfbeasisling r eatehe
packer 26 to the cavity 4 is weakened or stopped, and the pressure causing
the startigngimet etliel cbenilsg Ssaepynd Hehepserpplhye hohethe2 @fvitie gaykty nold
3 to adhere to the inside of the cavity 4 is al so weakened, preventing the
bui | d-up @legareashsicigh MhamiRid@ndicads o BomdPNcoH1Th- b 26B) -

Over packi ng varies, depending on the weight ratio of the starting materi al
beads 5 ardpohe 28@lilont RiFCkitast e thh o Hidht BI1NEhd heasigyting,gateri al
supply hole 62, and the pressure differential between the pressure in the

starting nRf ¢icdlr haRkcddoandakhelicasuie bRpbheasayhhyes nust be suitably
set according to the final product, while the use of thé two natural bl ow

back met hods 1 iyl H61af e RllaNe d RIMAHLIE Y ndUskn PBo SUELARL Y08 FCU 00,
The maxi mum pressure differential 1s 0.5 kg/cnR because a pressure greater
th 0.5 ka/ j j b I k d
regzl ts i ﬁﬁgﬁgggcaﬂgg%u%é%# %E%n%e%ﬁl}hgltgar Ia é%%gtiel?%}tgia%%%o the

ked st [ it
ot ot ed BETRSEgtARes fol tixfe SISt bo ThnBRd! Be S REESS "ARREY i ng
Pipe 28 Stapsa 30160G.PLEIAHEE bE hOgrShaatLhg ARERILAL 1 BRK g4 and the

Shoul d "be e

pressure in € cavity adjusted 1n mannér “desScr1 bed above.

poi ng virtual |5 equviene (i fE B e bREeAN e Yrlt WRedifuddRLRT o
by 1 he control 8 ornoit BRviRE BeTRY] Celflelifac b nd, PERe THSM e <
cavi 1y 4" $sT5aR, VRE PR Wl BRSSP heniR R T TS BB L (0 e
the. pr eseRESLRYen Tn JL T8k SR Ty 4 dae el Rl hdThe ™ "
xampie. When THennRRf chPEel SRS T Y Wil RN G 0
wgiﬂgeﬁ hgf?]%%% Leczcg -izlrdngg}é?q)(ﬁains ;g‘t‘%ﬁ%‘g‘gﬁb tcl]%;ﬁélltggglp': Z)%%?Lz%igzrée&]:round
the suppl ¥ lal6 82.6B0CRE SHEn! Qe AT LA WaW Sl ALLNE, { o thie

pressure int artrng materia uring natur ow back, and the

starting m %grkgg Bgﬁggagﬁgh erBa Fﬁ Pefeg%é ﬁ@?éﬂggﬁgcgjready been packed

can be kept'ina's errng on e cavi . side, resulting in the
NDUSTR AL APPEIORB: T sachy s Bt heR e B AR AR H0CC0 i g to the
di e- expanded ml ¢i,0d(AnpArALUS. &l AbiPgal fed NPT SRENLAINENY T Alknddle a1 T

supplied into thé cavity is expelle romthé cavitly by air “expul'sion neans

as startigg gg%g&&ggdbggggwgre supplied on an air

This packing method is suitable for a die-expanded
molding apparatus for molding foam 50 having a- complex
shapé such as that shown in Figs. 8 and 9, for example.

The die-expanded molding apparatus is described first.
Since this die-expanded molding apparatus has essentially

the same structure as the aforementioned die-expanded
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current into the cavity by starting material bead supply neans, and the
starting materi al beads are packed in the cavity, but since the air
expul si on neans conprises at |east two systems, which are independ@@nil iyl
controlled, the starting nmaterial beads can be packed first in parts where
t he packi pg1dens typheadsst 0,bengnwene BaFrexenpbe, wallvpe gBsépipagacki ng
density can be set in the various parts of the nolded product, the starting

material peazds ¢nntbareackedshinesksi Rhpaet $n\WRRECagbPahBht3bHERTE e 2Nd
rigidity are desired, and the packing density can be IocaIIy i ncreases in

such part%xpzhaeaac%bmalﬁsnsaﬁyafa@uge SEL e QRiaTYA | @el $rnih Lhig, various

parts of ded products W thout increasing the nunber of packers, even in

mol ded pr agiebs sHaha0 (ABEbFPECLE11NRRABKT 805 0LRSLE Y1 A CalEAL P, be | ower,
such as t parts

The provision of air expul'sion neans’ having one

or a p'“ral'tyAgfﬁﬂbﬁanﬁs§Hg§ agj Yshi Y gggyawenaat gmég coagggéhééT'ZOOZ

conmmuni cation wt earance between e cofe nmo and c y nold as

h
the air eypulgign 4 a%@ﬁ%ﬁcﬁﬂ% e s|dgﬁgg%nlg% n]i‘ﬂféfﬁj"v{fﬂ(i)éf(rr'%grarOurld

expel led nore efficie tothe o earance

the cavity, When, Jeor exagple, e bRbA aTER C%gg)%&@& e |1ke

pr oduced, ¢l ar ance s rmed inalo Iron“correspon ng]td tﬁ% rlnlof
cont ai ner PRLsRFEgnEE B Tanra Eefﬁﬁﬁﬁbngﬂ PRSI R FrEmnEt e%aiﬂﬁri-.“e
or eseur o- BHPHRT | g ¢ ﬁpcﬁﬁ‘iéﬁls  ARRomsunitoac i oh e%;a"mﬁ% SRt ot
material GESBERERER, Al “‘%%@3&@.%‘% Sl uan O i te'd?ggood

?323:5 /' BaRtsSE, %Ce;ﬁel‘% CZ“S@ul R ”%galnﬁlﬁsyh o faq}%e?%t ol 3 N
aféegfff.eéﬁﬁﬁ' (Tnalk « RaEPRET 00 éhgﬁgéafﬁ%”‘g“ iéaﬁﬁ?ﬁﬁaﬁ%;.@& Cd
Al nt ai nefv gﬁgae Sq%e%g%wgwag?@ S b9 e%ﬁhﬁigﬁbsa‘irm%échi 48 one or

I lit f dj ust th th
Cnter or BRoREor B8R 1 25w Ao e R Ui ot ahie | PORPEG B artieR

oroqucts OF CGsaHTB0to BR0R oobRRonBREb T Ay ”&?ﬁ‘o@aﬁb@ﬁ“@%ﬁﬂo&dt ne
FﬁékLQSK?ﬁéﬁhéésﬁ% 8 '59%?'3?%%&3%93%‘\'@5% 5*'&2% B | e
means | n RAPERCERG. cREFDOPECBALE no RS SRESRt ”Eé%%'?égr%%voiﬁwf he
or essur o SAPIGH: A CoMBErta BRIGulot RETRERIRG HoNERE) 175 VR B par (s

of nol ded to be even nore precisely controlled so t.0o i nprove
the packi ﬂg ggﬁm i P BT y© ?ﬂﬁ??%e'yﬁ% e?h°s té‘oailw ng
density i nrgrf[lletggl %%%k%rro%%c't satfcl? as Oagound the clearance 18 shown

in Fig. 6, can be handled in the same manner as the
difficult-to-pack components 40, when it is difficult to
pack’ such components with the starting material beﬁds 5.
The present invention can similarly be applied to molds

which do not have components that are difficult to pack.
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The atnospheric rel ease, pressurization, pressure reduction and/or nﬁﬁﬁﬂ
shoul d be conbi ned and the internal pressure of the air pressure-adj i @
conponents should be controlled by the control neans in such a way that the
degree to which the starting material beads are packed can be set as
desired i n anyIpathisfpadkeiggvineyhod, Fhe saf@remdixipbordsll dfidhers M hod:

| nproved Packing Properties in Quter Periphery of Cavity In the first

di e- expanaed Bdl, diingeretimld] pavkipg 3#,r amsd expebked3t htwughet heraiiear ance
when the starting material beads are being packed, so that air can be
expel | ed pipen L heupstecapesEplienakhdi slaalitgnd efide)e tervidnaias vaivd S
expelled fromthe core vents of the two nolds, 61 300 CT 2002 thereby
al | owi ng phe sbAstibgternhar sk headsure-adfitistiagt Lymposes tt Fdrheaut er

peri pheral distal end of the cavity wi thout cracking the nolds, so as to

prevent ig£e@idén Pask) Ncaklensihy . Al Neinsslyantagfd tindhat déhe gpcki ng

properties of the starting material beads can be inproved even when the

expanded ppdglad-d os#m i 812 dapp1sent alBay @fthagnll RTaMtlihC Rl s3hapes.
The pressure in the cavity is also adjusted through the clearance when t he

starting padds i &l whegdenar §tta§t@agpﬁale@§1a§nﬁebag Bagk ePHRRNUE iint Ad] ust ed
to the desired pressure relative to the packing air pressure for sending

the starting ouef ad, beads fron1the starting material tank, so that the
opti mal packi ng met hod can be used, such as pressure packlng, conpr essi on

packing, and vacuum Qi fé'—%ﬂr@f‘er{?aﬁffngxbﬂl&‘@%ﬁhmégﬁsbilﬁkc ;ns%guﬁedfs

adjusted to at nospnheri c pressure or | ower e provision O earance in

this man r 2 &Ef(ﬁ%c%xb aah mqfﬁee%xﬁmﬁd%ttﬁﬁoght fea; diang&!ned

during pac advantage of allow ng a shor i me can

be desi gipgh hecayse £he (plunge 1&0§aytuwlgxi "o QUiET PRI PAETY AT e two

nol ds can directly heated through“the cl earance, as 1 n the past

these pard s, (RO S HISARD! hatldie T rheflARf MR 1G] (Ehoul ¢ to

heat. Sin IS possible to ensure at e air |s pur get ron1the out er

peri pher aly i 84 atpgng ansﬁﬁgh@eaz’%d 610 @écuun?’h}g ]gt Q23,2492 lagdeaghdant !y

adeSt the pressure t rou ear ance pressur can

cont 7 ol | Gk 4, AP e’ & ilea1GIRId v ol lth%ea&%'ﬁt vAGybO the

pressure so as to set e tenpe ature nce i1n the nolds to

opt i mum Gapdli tgoNgpe al 4,04 N9 ﬂlrpaémtz'zc 6Pd‘{f§dnﬁﬂ§ bPpbN€3, ana air
expulsion means from the space 33 in the pipe through the
drain valve DV4 to the drain pipe 22 or vacuum pipe 23.
One of either the air expulsion means with the inter-mold
cavity 32 or the air expulsion means with the pipe space 33
may be omitted. At least one of chambers 30 and 31 and the
inter-mold cavity 32 may be divided into a plurality of
spaces to provide plural-system air expulsion méans in
which the plurality of spaces serve as air pre;ssure—

adjusting components. When there are several difficult-to-

pack components 40, plural-system air expulsion means in
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cycle tinme and energy conservation to be anticipated. ((2)) The cyg%g gkﬂﬁz
can be dramatically reduced because of the ability to pronote decr Q
tenperatures in the flanges of the nolds, which require | arge vol unes of
heat and are difficult to cool, during the aforenentioned cooling. ((3))

Because daiieagencddeat ipipeé nikheoaheataacecarthdh) dhethdt glurml degavity
as a result of water injection during cooling can be elimnated, it is

possi bl e be weredyudtavbapksxsuehpanenebt hag phrihersypanded,x@}drdy f oam
product and wetting of the working area, even when the nol ds are opened to

rel ease the expgpgdedinol deghfoamoB. Saernd Df%-EXQﬁ@dedfﬁgﬁgéng hod:
| nproved Packing Properties in Parts That Are Difficult to Pack According

to the seqprdpdhaeRYPandedteBlding Beidiods Hife ShACLLN PRI ArdigRds can

be Backed 1n a concentrated manner in parts that 0 pack,

maki ng itva@%agbpeét PhPEEYRNBVAL 052k gfepidé& tQﬂap@ﬁ&@%g{ﬂ?iJ%ugefssthe

starting materi a eads In parts that are dIffICU|F to pack suc

o Sy BRY FREEIEpuFos b o 1 08 OR8N g ore

Pk e g, Wi BRI 19 WY SRS
so that the internal pressures in the chambers 30 and 31,
the inter-mold cavity 32, and the pipe space 33 are each
adjusted, independently or in any combination.

An adjusting air supply pipe 42 is connected between

the packing pipe 28 and the shutter 27 mounted in the
starting material tank 24, and adjusting air having a
suitable pressure is supplied to the packing pipe 28 by
means of the adjusting air wvalve V3 located in the
adjusting air supply pipe 42, The adjusting means is
composed of this adjusting air supply pipe 42 and adjusting
air valve V3, and the starting material beads 5 is supplied
from the starting material tank 24 to the packing pipe 28
while diluted with the adjusting air. The amount of
adjusting air supplied is varied so as to adjust the amount
of starting material beads 5 supplied per unit time to the
packing pipe 28, that dis, the final degree of dilution
described below. The starting material beads 5 can be

supplied from the starting material tank 24 to the packing

pipe 28 by a supply means such as a screw conveyor, in
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4. Third Di e- Expanded Mol di ng Met hod: | nproved Packi ng Properties g? P%T?@Z
That Are Difficult to Pack According to the third di e-expanded nol %8

nmet hod, the air expul sion neans having air pressure-adjusting conponents in
conmmuni cation with parts that are difficult to pack, for exanple, anobng the
dual - systwanmati r cexpulidi@onadipassing s afiir stalomt V6l lsadl t adfifussingaeakrt he
starting material beads in those parts, so as to ensure that a suitable
packi ng dansilty pspaniat aiamecbd nomhosed panhd. thkenrdte atrwhxpnl shen nmeans
is controlled by the aforenmenti oned control neans in such a way that the
starting Jeeas i @bnbepos aceatés Stapabkedsddiquarts Aayusy anbohkensd, narrow
shape that are difficult to pack with starting material beads, it becones
possi bl e iip predHCcan®| dedrpiwguabseeht agoashLual Bthﬂéecgﬁ@dﬁli&ﬁ PéEki ng
density of the starting material beads in parts that are difficult to pack

can be myjfitaivigsk alo id akha thevel s, even in nol ded products having a
conpl ex shape such as parts that are difficult to pack that have been

regarded as beig eidnfpie!! bt oam&@&awf‘ope%@&ﬂﬁ HPRCKiRa-dengi ty

could not be satisfactorily maintained in the past. en the airr eXpul sion

means i s cqniiQly e t h |ONed FUMIT 1 SRS ghB - y that
the 64 3 C)%?%%'T%fggf s?a?%?%ﬁgﬁg?gfigﬁfbeadgﬁg}e firg?apggggga?ﬁarennte

parts t Njo 31 filarpdllatlidiqa. hOBRLBe Bl bbAgyTat erial bead supply means,
it becones possibl’é to produce nol ded products of good quality because the

packing densi o4l { hen ot abtd ol o hdla ReAT;C 9 PP SPREL 2bTede!

suitable level's in'parts that are difficult t as anof her

met hod fQ{me;rg&rxoviinngcfr;eh%ﬁ%mh@gma&ggg 4 EanRl 2hNeSSEALLpRGLHRLPLL Deads

in parts t"are difficult to pack, e starting materi ads™ arée

suppl i ed it %h%urgigcg&é.ofth%aep%g,ge%r 3bNL@at BS , Caukh -%hh.e?évfg@ym of

starting eri al ads supp per uni't time to the cavi adj Ust ed by

th dj J , ti [ b > . i
i i of entlp edBASH B3 o poranga.  ri b vt a s R | G P cur
to pack wlfcshar 10 HBt EfbaboPEadd Und s SRR LoPARLFat Baby 8y eaatl a

di st ance om the packer. en the starting material beads are diTUted with

adj ust i ng, 3l AbeAl dehie/ 8689 cyhO0shBR1GABE! YadlsBeAUREEREaRlq PAGKI NG Al T

as the aforementioned ‘adj usting feans, e manufacturing cos

adjustinghgfgﬁgla@pO&egﬁgggégggézggchmsxstarting mat eri al beads _ can be

prevente mage I ng. en the final degree of dilution of

the starting fALAT| ahoD3adsols s8ekai00R, ObnIPLE-USLAKING ALATAIRNLT oned

adj usting neans, 1t mes possible to ensure tha C T 2002

starti ng gt efial, MRANS PR S Udiv 9 RAEKISEhEENS) ek ik PRRLSLAGAL are
difficult t'o pack

the starting material beads 5. The packing air pressure in

the packing air wvalve V2 is at least 2 kg/cm®? or more

higher than the internal pressure of the starting material

tank 24, and is adjusted to an absolute value of 4 kg/cm?

or higher. -

‘During packing, the starting material beads 5 flow
into the cavity 4 while diluted by the compressed air in

the starting material tank 24, the compressed air from the

adijusting air valve V3, and the compressed air from the
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5. Bl ow Back: I nproved Packing Properties in Locations Facing the Pﬁﬁ%ﬁﬁzmz
According to the aforenenti oned di e-expanded nol di ng net hod, when the
pressure in the cavity is set to a positive pressure as the pressure in the
starting material tank is naintained during bl ow back operations

i nmredi at @lagkimigoraio tvhdveord usi dm ofextnne péckileg, velundenid heapiessure in
the starting material tank is adjusted to a pressure equivalent to or |ower
t han t he bertessur echien dire @@y & yawsi ndienpressal ebéads he stawihgoigeberi al
tank is maintained, a current of air fromthe cavity to the starting

mat eri al ¢hankaw gy adusedihi@kinge j ttipossibhE degpsevent qdefiegss i the
return flow of the starting material beads paused by the adhesi on of

surpl us glear tigs net embak , baads pre fef@bl gV idetveete 100 4@ POCckEheps Wel | as
| ocal increases in the packing density caused by defects in the return

flow 66the3 LifhiC dedPO] BEe ®imitioiy @t aerahe8URR! YekW! fuihsrgbosed of f
by the plunger after natural blow back, and subsequent forced bl ow back

makes it Rassl sk diheansyye ailatihfe tHAl$d NendBbE iadl bﬁgﬁéﬁ%&tbs packer
flow back 1nto the starting nmaterial tank. 6. D e-Expanded Ml ded Foam

onsi Ly TS e o e R e M e "W Ehy 20950 of
TR e A R L A R R A e
Chapes.  CHAF A0l DA CrAage P ok L RECaSg ol SPapkiomfont i £e. 1
Val o obPAEka™ By S g 1 HR ur { BAg e ook A e AR hAetE T hE
ne-thi n RPdRgor 1 ore oor FERE AP i prodtetots Feiins 54hy dha L hose
i e wal 18085 FTEHESRT (RE<C) GEAF 0T snl SFRan AR AL R BT e (°

to form ifle! R8RSy BUbebRAK1GBePRe 08 & Yo | NS dRDO AR dleshld Pod

above so as
final degree of dilution is lower than 10, there is greater

contact and there are more collisions between the starting
material beads 5 in the packing pipe 28, packing pipe 26,
or cavity 4, resulting in the problem of increases in the
resistance hampering the packing of the starting material
beads 5, and the starting material beads 5 interfere with
the current of air, resulting in the problem of poor
packing. However, when the starting material beads 5 are
supplied by a supply means such as a screw conveyor, the
rotating speed of the screw conveyor is adjusted fo the
desired final degree of dilution, so as to establish the
amount in which the starting material beads 5 are supplied

per unit time to the cavity 4.
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67 3 0 OCT 2002 adequate strength and rigidity by setting the ﬁnSIt
in various parts of the nolded product to wwthin 5%relative to t

density. 67(a) 300CT 2D02 Wat Is Cainmed Is: 1. A di e-expanded
nmol di ng apparatus for synthetic resins, conprising: starting material bead
supply nmeans fole supg@hyidrgs et ardiimg timser Fabwbeadsigonsi shé NGcHfi @

t hernopl astic synthetic resin on a current of air froma starting materi al

tank throyghrgapagkamd npeedseayi bf f BREEEnBNLArEOr S0 MRl aRg Caf‘b‘fi dy nold;
at | east dual -system air expul sion neans having pressure-adjustable air

pressure- adt usthog COERORGNG 5, CAHAUNE At Lo Webllc3al 8l YLy Qlp Al | owl ng

the air used To supply the starting mate sin to be

expel | ed gﬁﬁﬁgéﬁeh5fggtysbgngegggl8iegpghégef ure g ere Lial t ween t he

cavity an air ‘pressurea ng corrponen -system
ai r expul si on _means at _a n the bank side of the

h t
core nnldpﬁﬁﬁS%F%ﬁeéﬁt ngrﬁﬂ‘Fﬁé bgéﬁag% qﬁf t he'CavityPhidodddar e used

as the air pressure ad onents, each conmunicatin mnth the
cavity th?%ﬁbhythﬁough % t%gfoPﬂEa i AiPEFiR cdre FBRd &d

respectlvelg and control means for independently controlllng the air
pressure FRAEEERIZFLY QT ai 0 plaé‘é’SLﬁ‘e“tﬁ‘d]aGsitOPng Ronpeiest sthe ddiadnat | east

dual -systemair %ﬁuIS|on nmeans. di e- expanded nol di ng apparatus for

synt het i cVaE&ehsPRk tdutousdy OY 4. nsélEPﬁFlth%Wﬁﬁ%ﬁquﬂrm4$aﬁﬂQ% deagsans
5 can be first packed into parts which are difficult to

pack with starting material beads 5 in order to control
irregular density 1in the various parts of the molded
product and to ensure a suitable packing density.

For example, when the internal pressures in the
chambers 30 and 31, inter-mold cavity 32, and pipe space 33
are at or beyond the set pressure, the drain wvalves DV1
through DV4 .are successively opened, and when the set
pressure is in the order chamber 30 > chamber 31 > inter-
mold cavity 32 > pipe space 33, the drain wvalve DV4 is
opened first to allow the parts 40 that are difficult to
pack to be packed with the starting material beads 5; and
when the internal pressure of the chambers 30 and 31 and
the inter-mold cavity 32 increases as the parts 40 that are
difficult to pack are nearly completely packed with the
starting material beads 5, the drain valve DV3 is opened to

allow the outer periphery of the cavity 4 to be packed with

the starting material beads 5.
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@B 3 0 O0CT 2002 having one or a plurality of air pressure-adjusting
conponents comruni cating with the cl earance between the core nol @ ®ET 7002
‘cavity nold is provided as said air expul sion neans, and the air pressures
in the air pressure-adjusting conponents in the plurality of air expul sion
means are each controlled independently or in any conbination by said
control neans. 3. A die-expanded nol di ng apparatus for synthetic resins as
set forthin Claiml or 2, wherein air expul sion neans having one or a
plurality of air pressure-adjusting conponents conmunicating with the
interior of the_narrow, botJIrorred ortions where the starting material beads
are packed wit 0§ (45U (2 %e%r8§Fd§ ués%ﬁ%%?%ﬁlyeéypﬁgﬁqﬁﬁrﬁﬁﬂﬁﬁeand t he
air pressure in the air pressure-adjusting copponents in the plurality of
air expul $FGEINEEn$55°8HERGh SeEn Pr&ISSEF e %Beﬁgﬁaﬂnfhﬁ E?V?-Hyaﬁyt%o%i nati on
by said control neans so that the starting naterial beads are packed first
in the po@@ﬁéﬁ@-WHéPetﬁ@cﬁﬁﬁgtﬂ§9dF@Fﬁ€&P&.bﬂ?dﬁ 8 e- expanded mol di ng
apparatus for synthetic resins as set forth in any of dains 1 through 3,
wherein air expdl skB8AtheaNsCIRVERY deEhed.a pnar pagking Jrpcess 1is
pressure-adj usting conponents comruni cating with renote portions that are
at a di st adod dedormntive fonar piead snawdeiral theadasippl ¢ heassceespivylyled as
said air expulsion neans, and the air pressure in the air

pr essur e- adjoketd n@scofipeneals i prehsupd urial i thheof pdipe egpakbsi oB3 nebdis are
each 69 3 0 0 CT 200Z controlled independently or in any conbination by
sai d cont rontredisd estingt only $her dragnnuaéveabVheadsthe ef paskestdp rst in
the renote portions. 3 0 ocT loot 5. A die-expanded nol di ng appar at us
for synt hdthec mégi nprassgee fiort Khen anyeonim@léi maviityhrdughnd, pipwi ded

wi th plural-systemair expul sion neans in which the chanbers on the back

si de of saphoeor3s nmichgantyadm twel v DS dsvdofDMhelcastidy 2ol tharaipl ural |y
di vided and are each used as air pressure-adjusting conponents. 6. A

di e- expangeact ssnird nigh apgparctasbdor3tyniheermokdi oavilsy s&, fard hpime any of
Clainms 1 through 5, wherein atnospheric rel ease, pressurization, reduced
pressure, spadfeor33t higs ec@rteralddyl nestisgnditdiien ivelerexal D2 eslstoeglof D& ,
plurality of the air pressure-adjusting conponents is controlled by said
control neaws tbet hwir t heepagkenglrdenbanhens e sndr t3ng imteriredldeads
can be suitable determned in various parts of the cavity. 7. A

di e- expanded iyl dizng apfhdeiper spanehatdi cisesiomtiol kel chsdndr tdradmat eri al
beads are packed into a cavity formed by a core nold and cavity nold, the
mat eri al ivalvest 8¥2 eogendddDVand fused to forma nol ded product, and the
nol ded product is cooled and released fromthe nold, said die-expanded
mol di ng net hod Afdresyhlidesitantddignsnaeempialsi hgads 5 have thus been

packed, the filler of the packer 26 1is closed, the
adjusting ailr valve V3 is c¢losed, the starting material
beads 5 remaining in the packer 26 and packing pipe 28 are
returned to the starting material tank 24 using filling air,
the packing cycle is then completed by closing the packing
air valve V2 and shutter 27, and a series of common molding
steps comprising heating, cooling, and mold release is then
carried out to obtain the desired molded product.

Moclded products formed in this manner, which include,

for example, those in which the degree of shape complexity
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t he mani pul ati on of various service fluids for the supply of steamto the
cavity, pressurization and depressurization, the supply of conpression air,
and the like by using the inter-nold clearance, formed in such a 70{&)0CT 28§2
0 0 CT 2002 way as to conmuni cate with external service piping, at the
seam of 4&i & doPE AOF& aRICESTRPYYmbt 8 PHCRPEY: APCEPePEEFEUAR Sl enck of the
cavity when the two nolds are closed. 8. A die-expanded nol di ng nmet hod as
set fortRT AoCeai Whpresihg dperegpahdeldand| ePngl et hodls oteyihatd ¢ resins
conprising at |east one of the follow ng operations using said clearance:
1) expel itheg nuvegaeki iiplhile ehtauytd shy ddévédiabac éhwhemnflagestaarad ng

mat eri al beads are bei ng packed; 2) adjusting the pressure in the cavity

t hrough sd&i dhel esrlare® mheducthebst dhei mglomeer Walicbedds nerasureidngpypacked;

3) introducing steaminto said clearance to heat the portions around the

cl ear ancemanthitnt otBasd davivlyidlo thei watldt ethiukresat | 0f ahet hhist-arti ng
mat eri al beads in the portions around the cavity when the packed starting
mat er i al waeadd grerthieinyg bdfatad; mpldeddustorindtheipr egswinge td Bhemcavity

t hrough said clearance to pronote cooling by the vaporization of noisture

during sardreeabilrg;s and th) exXpel hoie graifaed il eMneaitd @ ear.anrcs during
nol d rel ease operations to renove the expanded nol ded foam 9 A

di e- expangiedenohidi nghiehhog for syHhebeadseshns | AiwhPbsHastaitivyg materi al

beads are packed into a cavity formed by a core nold and cavity nold, the

mat eri al thg cheakedisexpardedioand f used e f-eamia dmydad cplkoduCttheand m
molded product, can have good quality with 1little

irregularity in density, wherein the density in wvarious

parts of molded product is within * 5%, preferably within =

4%, and even more preferably within =x 3%, of the mean
density, even in molded products which have conventionally
been regarded as being difficult to pack. The present
invention is effective and useful for molded products which
are larger and have more complex shapes than small molded
products with simple shapes such as containers for cups of
noodles. It 1is particularly advantageous for molded
articles having both thin and thick walls.

Tests for assessing the gquality of molded products
formed by packing starting material beads 5 according to

this packing method are described below.
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300CT 2002 the nol ded product is cooled and rel eased fromthe nold,
wherein at | east the chanber on the back side of the nold side, where
narrow, bottoned portions that are difficult to pack with the starspgﬁp
materi al beads are forned, is held at a negative pressure relative #@2
at nospheric pressure of the starting material beads packed into the cavity
by the packer; and part of the predeterm ned packi ng anount of the starting
material beads is delivered and packed in a concentrated manner in sai d

Ul Lo to pRokrpegbbanss ABJableareqslpdes,oleke nBSdehenTLACH, Pack] N

anount is then delivered to pack al e startin naterla n the

cavity. lfachiflje-@xdandad ??bd'ﬁ9t9?§£5“j K dssygtﬁ&%;gkéﬁitﬁsgﬁz igt forth

in daim9, wherein said difficult-to pack portions
i o oxpanies oot i e e ad A synéén‘ﬁ? Peltis S GHe { Atk Waim o or
égckmérfﬁﬂa%’?'%&?ﬁp%ﬂ%"eﬁp o P PA N Do orln PP STANCParhLSa o
i o exparied B81 BBChEERRT BEGFRE Rragert +EePhtlon) ke Cethee. Expanded
mol di ng apparatus for synthetic resins as set forth in any of Clainms 1
t hrough 6 ygcking the startlng material beads 5 to manufacture a
molded product 50 having the shape given in Figs. 8 and 9.
The density was measured at the tip 51, middle 52, and base
53 of the partition walls 51 of the molded product 50, as
shown in Fig. 9, with the results shown in Table 1. The
molded product shown in Table 1 1is manufactured by using
polypropylene beads having a degree of expansion of 53
times. The molded product is a box-type having an outer
size of a depth of 40 cm, a width of 25 cm and a helight of
14 cm. It has 5 ribs having a thickness of 0.8 cm in a
longitudinal and one rib having a thickness of 0.8 cm in a
transverse direction. The weight is 160 g, the degree of
expansion 1s 45 times, and the degree of shape complexity
is 2.46. The degree of shape complexity of rectangular
parallelepiped having a same outer size is 0.27 and the

degree of shape complexity of a box-type molded product

without ribs is 1.04.
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300CT 2002 is used to pack starting material beads in a cavity forned
by a core nold and a cavity nold, the material is heated, expandeg,d[jaLnId2
fused to forma nol ded product, and the nol ded product is cool ed rq 002
rel eased fromthe nold, said die-expanded nol di ng nmet hod fox synthetic
resins conprisifigbleuppl ying starting material beads comsitstigul.pf a
t hernopl astic synthetic resin on a current of air froma starting materi al
tank thrqugh a packer int OcOtnbgntQQ}{Alt Yabiomyede fat he core nold and cavity
nol d by gt q«fetalsﬁ'lgad terial bhead supply neans when the startibagkioed erilal
beads ardg pas8dnd Nt 0 thexeavitly; @ﬂﬁsaagkl Ocdrp@esdiant | ngrataipérdfal [beads
whil e cortrol ling tlhe osekient of apackimgt he| cawiatyinyy . adj HSPPHPt he air
pr essur e, Hhdependgntty—or—R—any—conbi-ratphi—i-A—a—ptufal—system-allr
expul si ol nedli® by laut omdfic control By conirol rfBans .|13. ARl e- expanded
nol di ng NMeTnog. for [synthefic Tesins gg Set forth in crajm Iz, ‘mnET in the
air expul|si 6n fand is controllled by ‘Said cbntrol  neans|so that t he
starting |mat ggial Heads age paqked fhpst in|the. snarrow bottgred portions
nmAt r i hpo L

where th st ar-ti-na e Ao arn Adiffibult tn nacl
TEC AT C 1O ||3 IIIA\. o T AT OO0 AT AT O A N I B | LB 4 Pu\.’l\

L=} i

As shown in Table 1, the density decreased from the
base 54 to the tip 52 of the partition walls 51 in the
molded products produced by packing the starting material
beads 5 using conventional methods, whereas the density was
generally uniform in the molded products produced by
packing the starting material beads 5 in accordance with
the packing method of the present invention. In other
words, it may be seen that molded products of good quality
and little ir;egularity in density could be produced by the
method of the present invention. It has been necessary to
design conventional molded products on the basis of the
parts with low density so as obtain sufficient strength in
those parts with low density, resulting in the problem of
heavier molded products, whereas +the generally uniform
density in the various parts of the molded product in the
present invention allows sufficient molded strength’ to be
ensured, lighter molded products to be created, and lower
amounts of starting material beads 5 to be used, thus

lowering the manufacturing costs of the molded products.
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14. A di e-expanded nol ding nethod for synthetic resins as set forth in
Claim1l2 or 13, wherein the air expulsion neans is controlled by s bq]T 00
control neans so that 73 300CT 100 the starting naterial bealds é}g
packed first in renpbte portions at a distance fromthe starting materi al
bead supply neans.thig4 emBodifdfx ] 202 LnteAndile- pxpaeded nphdi pge met hod
for synthetic resins as set forth in any of Clains 12 through 14, wherein
the startngmBei-er 3al anaads, anfitbackedai BhPithesgavaty gspshepgppupy of
starting material beads being supplied to said cavity per unit tine is
adj usted Qyradjssit o Teansn Bach & ew&%paﬂfiﬁd Hﬁéd'd&léﬁ%fo%f Ofpe

, nt of s}i’artlng

synthetic resins as set forth in daim1l wherein the ano

material HeadsuBehanBLl ol HhcOdedl WrichitotO el fud HorRCHINO ey gavi Ly

is adjusted by sard adjusting means by diluting the start'ing naterTal beads
i th ad] ' | i bl & di 8¢ | di . .het i _
AR T o R e L R TR R

the starting material beads 5 in portions where greater
strength is desired. The present invention can, of course,
also be applied to form molded products with various shapes
other than tﬂat of the molded product 50.

Second Alternative Embodiment of Packing Method

A second alternative embodiment of the packing method
is described below.

As shown in Fig. 10, the die~expanded molding
apparatus 1B used in this packing method differs from the
aforementioned die-expanded molding apparatus 1A in that no
clearance 18 or inter-mold cavity 32 is formed between the
two molds 2 and 3, the drain pipe 41 and drain valve DV4
are omitted, and the drain valve D3 and service valve 8SV3
are omitted. The structure is otherwise the same, and
parts that are the same are therefore indicated by the same
symbols and will not be discussed in detail.

Characteristic features are, first, that at least the
pressure of the chamber 31 on the core mold 2 side; where
the aforementioned parts 40 that are difficult to pack have
been formed, is controlled so as to maintain a negative

pressure relative to the atmospheric pressure of the packed
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degree of dilution is defined as the nunerical val ue obtained by dividing
the volune of air supplied to the cavity during packing by the V?iﬁﬁﬁ 3@
the starting material beads, and the final degree of dilution is T e
18. A di e-expanded nol ding nethod for synthetic resins as set forth in any
of C ai nss¥atrbinggmakérisienstads he, praassup&rt nofhaeheavpiydétetRind® a
negative pressure relative to the internal pressure of the starting

materi al paskihgl dimguithe ftar theg sateréalcdbeads, 450 pseferabipw 4n t he
starting material beads fromthe starting material tank to be packed into

the cavitymyhge deerelsdiohidiggreter itale hepskeniiigiow paskedqoanthdhe
pressure in said cavity is 74(a) 300CT~0OX adjusted to a positive

pressure aseot BerPiBASYHN €ol Pabhe TrartHdG tiitamigAmat 415 veidy & ngd during
bl ow back operations imedi ately prior to the conclusion of the packing.

19. A dieggxppaded mhdli nthd®IA0G Ot SYBLBBhEat8a NRaRSeselsd Oy i n any

of Cains 7 through 17, wherein the pressure in the cavity is set to a

negative DESSSHERLIGAEET Barke (¢ itRhe" Nale PAEEEYERL LT thheSE

ol EEOEh g o
material tan olding thée starting naterial beads, so as to allowthe

starting ppjeriglseads fmd henstagidgmfard.al taak dhds into
mﬁ éﬁ %) vﬁel (ﬁb . and the

the cavity en the starting materi eads are ng pac

Caui val orkipREhd PhORRERATh R TLeAB bYW SERRY dePpRE Hhfher ¢

et ot hBGIREF 12 PR, 58 R PP i = ons
A second feature 1is that the pressures in both
chambers 30 and 31 are adjusted during the aforementioned
concentrated packing to a negative pressure relative to the
atmospheric pressure of the packed starting material beads
5, so as to deliver the rest of the predetermined packing
amount of the starting material beads 5 and pack them in
the entire cavity 4. In this case, the standard pressure
serving as the atmosphere of the packed starting material
beads 5 can be represented by the increased pressure of the
starting material tank 24.

These operations are described in further detall in

the steps in the following Table 2.
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20. A di e-expanded nol ding nethod for synthetic resins,
execution of natural

Claim18

concl usi on of the packing,
supply hol es b§Trabls uhger,

or

conpri sing

t he

bl ow back at an adjusted pressure as set fof0MQTr00?

19 during bl ow back operations i mediately prior to the
t he subsequent closing of starting materi al
and the subsequent execution of forced bl ow

back. 21. A die-expanded nvol ded foan1 conprisin a density of within 50 of
the neanfdensity in parious|75 .3 D l%%gn d@ %gkons in the no|ded
foam whgrein.the degseetef %o ng@g it le | detgined |as ];er%gngsuma i cal
val ue obtainedﬁfy di Vi dehg fhegsurfi cgvardapgh thaipdldgd foam by t he
vol une, and the degrke of shape conplexity is 1)1 or norle. 22. A
di e- expandecranbimed fQapLas |S&iosb8r I Nodedl a 40 21 Qr gi nirdreaswal |
t hi cknes$ ofsten@ hih wall ed portiohs dgf thgé nol ded foarh i X948 tp 3 M
23. A dig-g g, foam as sef;f@atth kn ¢ ajm 21 jor R2tiasherpin 3 or
| ess beads argQ%SSpo ggln he hickne§smﬁse1directﬁ%n f 999 vereidn- al | ed
orti ons [@bntdrerandade Concentrated
p npackililg dafoam open t 4 4 packing
Adjusted Packing
pressure t closed open t ! prepared
2nd packing open 4 4 1 4 cgrig}l{;rtlgd
1st bl Natural blow
Sk 1 1 t t t back
ZnSaZiow open 1 1 A open Forﬁiiﬂ?low
Note: "closing" of drain valves DVl and DV2 indicates

an atmospheric expulsion or adjusted expulsion state.

(1)

material tank 24 is pressurized to about 1.2 kg/cm?,

example,

1.0 kg/cm?,

for example,

In the packing standby process,

the starting

for

the two chambers 30 and 31 are adjusted to about

and the packing operations are

prepared at a pressure differential of about 0.2 kg/cm?.

The pressure differential is preferably set within a

range of 0.01 to 0.5 kg/cm2 for the sake of the packing

rate, reliability, ease of control, and the like.

(2)

is «closed,

the

shutter 27

In the first packing process,

is

opened as

the drain valve DV1

the pressure

differential between the pressure in the starting material

tank 24 and the chamber 31 is maintained,

beads 5 are delivered,
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starting material

in an amount corresponding to the
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, . A9. A A As. ALI .A.AI .A3R. A. A A A A5,. Al . Asr. AS. A(. Af. AL;
CAf LA As( @1AmS. AFAEhAS GfATEmAhtACA¥dADaAlE. AOAEhaAYaAb AAFARCAI® . AN Aul . AP
IGHM F, e
X{ val gb] Xpaaksalizalc ajiea] cat ey ca] cakcahen] il © a¢cadert €l 6@] shal £34 cal cal ¢
a] ca] ca] ca] ca] ca] c"a] chalca]calcajcal A{ G ~
5:1% [ ogtet#$! ' "' 1)} xsnid_Z]]ca] ca]ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]l ca] ca
] ca] ca] ca] cal ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calcalcalcall)p)))*k*l **++] -

. 03444B7} 89993é In the concentrated packing step, the sup
\ <<(==>}xsnid_Z] fca] ca] ca] ca] ca] ca] ca] ca])ca] ca?ca] cal ca] ca] ca] c caI] cajcalc

ré]ca] ca] C@Lgakfﬁak@ahgahaekfmatsahg 5] g&! féxgiaai?gf” @ i&é@A BB

- EEF} xSnid_Z]]ca]calcalcalca]c ca]ca]ca caj ca]calcaJca]ca]ca

]Ca] Ca] AJ\&%EILN%J%O@ ca&],ga]nga]ca%%g] %g% éﬁlgg}g %cg‘}ca] caJc(a]ca] ca]lc] EgFlcla]JrcM
?l[f cal cpkaakarieahorboabsatoal sagAle Al %@Ja%ﬁh%a] C3RRR; ST ERLEY UoUswir
_f k*
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packing ep, concentrated packing step, and pressure

adjusting step should be repeated as often as needed when
the aforementioned parts 40 that are dAifficult to pack are
particularly deep and narrow, or when there are multiple
parts 40 that are difficult to pack.

(5) In the second packing step, the pressure in the
two chambers 30 and 31 1is adjusted, the same pressure
differential as in the first packing step earlier is
maintained, and the remainder of the predetermined packing
amount of starting material beads 5 is delivered and packed
in the entire cavity 4.

(6) Among the next first blow back and second blow
back steps, in the first blow back, referred to as natural
blow back, that is carried out, the layers of_ packed
starting material beads form a barrier and cause the
packing air to flow back in the packer 26 when the séarting
material beads 5 are packed in the cavity 4, whereas the
second blow back that is then carried out comprises forced

blow back in which the inlet of the packer 26 is closed off,
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are completed, the following heating step is undertaken.

In the description thus far, the parts 40 that are
difficult to pack were located in the core mold 2, but a
method in which the chambers 30 and 31 in the description
thus far are reversed can be used to obtain exactly the
same action and effects when parts 40 that are difficult to
pack have been provided in the cavity mold 3.

In this packing method, the structure is the same as
above, allowing parts that are difficult to pack, such as
recesses having a difficult-to-pack pouch-shaped cross
section, to be packed in the same manner as the other parts.

Fig. 11 shows the density distribution according to
location in expanded molded foam which is a box having a
different shape from Table 1 and the degree of shape
complexity is 2.44. Here, the horizontal axis (A)
represents the convex protruding tip formed in parts that
are difficult to pack, comprising the pouch-shaped recesses
and edges of the peripheral wall of expanded molded foam,
the axis (B) represents the wall section of the expanded
molded foam, and the axis (C) represents the bottom part.

The results show that expanded molded foam obtained by

a conventional method, as indicated by O, had extremely
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density, and part C had high density, whereas the packing

method of the present invention, as indicated by A, reduced

such irregular density by about 1/2. 1In this case, density

of each part of the expanded molded foam is between 16.4
and 18.2, which is in a range of =+ 5% of the average

density of 17.3.

The present invention also remedies irregular density
caused by cracking because there is no, or minimal,
cracking width during packing. There 1is no need for a
greater number of packers, which can be kept to a minimum,
allowing the amounts of service fluids such as packing air
to be greatly reduced. The number of packers arranged per
molded product can also be reduced to make more effective
use of the entire mold surface area, resulting in
advantages subh as the same higher productivity that is
obtained with conventional molds of simpler shape.

Blow Back Method

Another embodiment of the blow back method is
described below. The blow back step is a step in which the
starting material beads remaining in the packer 26 or
packing pipe 28 are allowed to blow back into the starting
mategial tank 24 after the end of the packing operations,
and is managed for all types of packing methods, including

cracked packing, pressure packing, and compression packing.
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packing pipe 60, through which the starting material beads

pass, and a flange 61. The distal end of the packing pipe
60 is connected through the chamber 30 to the through-hole
62 formed in the cavity mold 3. A packing air channel 63
opening into the supply hole 62 in the vicinity of the
distal end of the packing pipe component 60 is formed along
the packing pipe 60 inside the packing pipe component 60,
and is connected to the packing air supply pipe 29 in the
base of the packing air channel 63.

The method is the same as that described in the
Related Art in that the pressure in the chambers 30 and 31
is adjusted to 0.8/cm®*, for example, in order to adjust the
pressure in the cavity 4 to a negative pressure relative to
the pressure in the starting material tank 24, that is, a
pressure which has been adjusted to 1.0 kg/cm?, for example,
so as to deliver the starting material beads 5 into the
cavity 4, and packing air with a pressure of about 6 kg/cm2
is discharged through the packing air valve V2 through the
packing air channel 63 from the distal end of the packing
pipe component 60, as indicated by the arrows in Fig; 12(a).

A feature of the first embodiment is that natural blow
back begins when the cavity 4 is filled with the starting

material beads 5 thus delivered, such as the state shown in
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pressure in the cavity 4 is maintained at a positive
pressure as the pressure in the starting material tank 24
is maintained, specifically, is maintained at 1.0 kg/cmz.

The second embodiment is characterized in that, when
natural blow black begins, blow back is carried out by
controlling the pressure in the starting material tank 24
to a pressure equivalent to the pressure in the cavity 4,
at 0.8 kg/cmz, for example, or to a negative pressure,
while maintaining the pressure in the cavity 4, in other
words, maintaining the pressure at 0.8 kg/cm?. In this
case, the pressure in the starting material tank 24 should
be adjusted to between 0.8 and 0.3 kg/cm?.

The maximum pressure differential of the pressure in
the starting material tank 24 relative to the pressure in
the cavity 4 must be 0.5 kg/cmz, as indicated in the first
and second embodiments.

In this packing step, natural blow back is carried out
under such pressure conditions, the plunger shaft 64 in the
plunger 61 is then pushed out in the same manner as in the
past, and the starting material bead supply hole 62 .of the
cavity 4 should be closed off by the plunger tip 65. The

expanded molded foam thus obtained is not compromised by
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This action is attributed to the following phenomenon.

When blow back is carried out as in the embodiments,
the pressure in the aforementioned cavity 4 and starting
material tank 24 is adjusted under the pressure conditions
given in the aforementioned first and second embodiments,
so that the current of air moving the starting material
beads 5 from the packer 26 to the cavity 4 is weakened or
stopped, and the pressure causing the starting material
beads 5 around the supply holes 62 of the cavity mold 3 to
adhere to the inside of the cavity 4 is also weakened,
preventing the build-up of excess starting material beads 5,
as shown in Fig. 12(b).

Overpacking varies, depending on the weight ratio of
the starting material beads 5 and the wall thickness of the
cavity 4 around the starting material supply hole 62, and
the pressure differential between the pressure in the
starting material tank 24 and the pressure in the cavity 4
must be suitably set according to the final product, while
the use of the two natural blow back methods__in the
aforementioned embodiments must be suitably selected.

"The maximum pressure differential is 0.5 .kg/cmz
because a pressure greater than 0.5 kg/cm2 causes the

starting material beads 5 to flow back and results in at

57



10 10 10=10%&' ()-!sS9! 109%&' ()-3!!sS9!10%& ()-3% 10%&' ()- 10 30 0CT 200
10gkwkkk#l ynmaBg\ QF 10z 10 &10%&' () -!

sI109%& ()-s!10%& ()-1!110%& ()-f!109& ()-' 10%& ()- mnco9ppp}?g\ QF 10z
17109 () - s3M109& () -! sy#! 109& () -!

sy#! 109& iéagy#'tia@’/«%)a(ﬁtlalp‘)/deﬂr%@w@/ airqaber ke d 08F4+ &) 1! 1QWTE& () -f
109%7& ()-, &109F°& ()- 10 10 10=10% ()-qrrrs=s+tdEbCF 10z

| 1090°& () sd0%F& §) - 109%T& ()- 109G7& ()- 109%FT& () -
1094& () -+tt U\NVQVRVSVTvev)rg\ =F 10z&ml0%g& ()- 10T 10T 10T=1090& ()-! vy)

1090T& () -y) 18R@&start %A0RATEA) - GYN BAdR {44l R Faetected because

the flow of the starting material beads 5 in the packing
pipe 28 stops, so the pressure in the starting material
tank 24 and the pressure in the cavity 4 should be adjusted
in the manner described above. In the present invention,
the pressure in the cavity 4 may be treated as being
virtually equivalent to the pressure in the chambers 30 and
31 surrounding the cavity 4, so the pressure in the cavity
4 can be adjusted by the control of the supply and
expulsion of air to and from the chambers and manipulation
based on their pressures.

To adjust the pressure in the cavity 4 so as to keep
the prescribed pressure differential relative to the
internal pressure in the starting material tank 24, a
preferred method in the present invention is to
individually adjust the pressures in the chambers 30 and 31
to set the pressure differential in the cavity 4.

For example, when the pressure in the chamber 30 on
the cavity mold 3 side where the packer 26 is mounted is
set higher than the pressure in the chamber 31 on the other
side’ on the core mold 2 side, the pressure arouﬁd the
supply hole 62 can be set to a positive pressure relative
to the pressure in the starting material tank 24 during

natural blow back, and the starting material beads 5 that
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IND RIAL APPLICABILI

1. Die-Expanded Molding Apparatus

According to the die-expanded molding apparatus
relating to the present invention, the air supplied into
the cavity is expelled from the cavity by air expulsion
means as starting material beads are supplied on an air
current into the cavity by starting material bead supply
means, and the starting material beads are packed in the
cavity, but since the ailr expulsion means comprises at
least two systems, which are independently controlled, the
starting material beads can be packed first in parts where
the packing density tends to be lower, for example, a more
uniform packing density can be set in the various parts of
the molded product, the starting material beads can be
packed first in parts where greater strength and rigidity
are desired, and the packing density can be locally
increases in such parts. The packing density can be set to
optimum levels in the various parts of molded _products
without increasing the number of packers, even in molded
prodacts having parts where the packing density tendé to be
lower, such as thin-walled parts.

The provision of air expulsion means having one or a

plurality of air pressure-adjusting components in
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cavity mold as the air expulsion means allows the air
supplied into the cavity to be expelled more efficiently to
the outside from the clearance formed around the cavity.
When, for example, a deep-bottomed container or the like is
produced, a clearance is formed in a location corresponding
to the rim of the container, allowing a suitable packing
density to be maintained and the container quality to be
improved without increasing the number of packers.

The provision of air expulsion means having one or a
plurality of air pressure-adjusting components in
communication with the interior of bottomed, narrow parts,
which are difficult to pack with the starting material
beads, as the air expulsion means allows molded products of
good quality to be produced because the packing density of
the starting material beads in parts that are difficult to
pack can be maintained at suitable levels, even in molded
products having a complex shape such as parts that are
difficult to pack that have been regarded as being
difficult to manufacture because the packing density could
not be satisfactorily maintained in the past.

The provision of air expulsion means having one or a
plurality of air pressure-adjusting componenfs in
coﬁmunication with the interior of remote parts, which are
at a distance from the starting material bead supply means,

as the air expulsion means allows molded products of good
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109&|&7()c1%%% &f aléoggﬁéﬁélon m ans 1n which the chambers on the
back side of the core mold and/or the back side of the
cavity mold are divided into plural parts and used as air
pressure-adjusting components allows the packing density in
various parts of molded products to be even more precisely
controlled so as to improve the packing density in
necessary parts and ensure a suitable packing density in
the molded product as a whole.

The atmospheric release, pressurization, pressure
reduction and/or these should be combined and the internal
pressure of the air pressure-adjusting components should be
controlled by the control means in such a way that the
degree to which the starting material beads are packed can
be set as desired in any part of the cavity.

2. First Die-Expanded Molding Method: Improved

Packing Properties in Outer Periphery of Qavity

In the first die-expanded molding method, packing air
is expelled through the clearance when the séarting
material beads are being packed, so that air can be

expelled from the outer peripheral distal end of the cavity

as air is expelled from the core vents of the two molds,
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10= lw%g(ﬁacifﬂg\p§opertles of the starting material beads can be
improved even when the expanded molded foam is a deep
container or has tips with complex shapes.

The pressure in the cavity is also adjusted through
the clearancevwhen the starting material beads are being
packed, and the back pressure is adjusted to the desired
pressure relative to the packing air pressure for sending
the starting material beads from the starting material tank,
so that the optimal packing method can be used, such as
pressure packing, compression packing, and vacuum or
suction packing in which the back pressure is adjusted to
atmospheric pressure or lower.

The provision of clearance in this manner affords the
following effects in addition to those obtained during
packing.

((1)) The advantage of allowing a shorter molding
time can be designed because the plunger constituting the
outer periphery of the two molds can be directli heated
through the clearance, whereas in +the past these- parts
required a considerable volume of heat and were difficult

to heat. Since it is possible to ensure that the air is

purged from the outer peripheral distal end by steam and to
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negative setting or the 1like relative to the chamber
pressure so as to set the temperature balance in the molds
to optimum conditions, allowing dramatic reductions in the
cycle time and energy conservation to be anticipated.

((2)) The cycle time can be dramatically reduced
because of the ability to promote decreases in temperatures
in the flanges of the molds, which require large volumes of
heat and are difficult to cool, during the aforementioned
cooling.

((3)) Because drainage collecting in the clearance
and in the inter-mold cavity as a result of water injection
during cooling can be eliminated, it is possible to remedy
drawbacks such as wetting of the expanded molded foam
product and wetting of the working area, even when the
molds are opened to release the expanded molded foam.

3. Second Die-Expanded Molding Method: Improved
Packing Properties in Parts That Are Difficult to Pack

According to the second die-expanded molding method,
the starting material beads can be packed in a concgntrated
manner in parts that are difficult to pack, making it
possible to prevent local drops in the packing denéity of
the starting material beads in parts that are difficult to
pack such as pouch-shaped recesses. Particularly when the

starting material beads are repeatedly delivered to parts
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4. Third Die-Expanded Molding Method: Improved
Packing Properties in Parts That Are Difficult to Pack

According to the third die-expanded molding method,
the air expulsion means having air pressure-adjusting
components in communication with parts that are difficult
to pack, for example, among the dual-system air expulsion
means, 1is first controlled to first pack the starting
material beads in those parts, so as to ensure that a
suitable packing density is maintained in those parts.

When the air expulsion means is controlled by the
aforementioned control means in such a way that the
starting material beads are first packed in parts having a
bottomed, narrow shape that are difficult to pack with
starting material beads, it becomes possible to produce
molded products of good quality because the packing density
of the starting material beads in parts that are difficult
to pack can be maintained at suitable levels, even in
molded products having a complex shape such as parts that
are difficult to pack that have been regarded as being
difficult to manufacture because the packing densitf could
not be satisfactorily maintained in the past.

When the air expulsion means is controlled by the

aforementioned control means 1in such a way that the
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supply means, it becomes possible to produce molded
products of good quality because the packing density of the
starting material beads can be maintained at suitable
levels in parts that are difficult to pack.

When, as another method for improving the packing
properties of the starting material beads in parts that are
difficult to pack, the starting material beads are supplied
on a current of packing air into the cavity while the
amount of starting material beads supplied per unit time to
the cavity is adjusted by the adjusting means, the starting
material beads can be supplied more efficiently, even in
narrow, bottomed, thin-walled parts that are difficult to
pack with starting material beads or in remote parts that
are at a distance from the packer.

When the starting material beads are diluted with
adjusting air and are delivered into the cavity on a
current of packing air as the aforementioned adjusting
means, the manufacturing costs of the adjusting means can
be reduced, and the starting material beads - can be
prevented from damage during packing.

"When the final degree of dilution of the st;arting

material beads is set to 5 or more using the aforementioned

adjusting means, it becomes possible to ensure that the
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L.ocations Facing the Packer

According to the aforementioned die-expanded molding
method, when the pressure in the cavity is set to a
positive pressure as the pressure in the starting material
tank 1s maintained during blow back operations immediately
prior to the conclusion of the packing, or when the
pressure in the starting material tank is adjusted to a
pressure equivalent to or lower than the pressure in the
cavity as the pressure in the starting material tank is
maintained, a current of air <from the cavity to the
starting material tank is produced, making it possible to
prevent defects in the return flow of the starting material
beads caused by the adhesion of surplus starting material
beads on the cavity side in the packer as well as local
increases in the packing density caused by defects in the

return flow.
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The starting material supply hole is closed off by the
plunger after natural blow back, and subsegquent forced blow
back makes it possible to ensure that the starting material
beads in the packer flow back into the starting material

tank.

6. Die-Expanded Molded Foam

According to the die-expanded molded foam in the
present invention, the density in various parts of the
molded foam is adjusted to within * 5% of the mean density,
making it possible to ensure suitable strength and rigidity
in thin-walled parts and the 1like while creating molded
products of lighter weight.

Molded articles having thin-walled parts or complex
shapes, that include those in which the degree of shape
complexity 1is 1.1 or more, where +the degree of shape
complexity 1s defined as the numerical value obtained by
dividing the surface area of the molded product by the
volume, which is measured by cm unit, those in which the
wall thickness of the thin-walled portions of the molded
product is 10 mm to 3 mm, and those in which 3 or less

/ beads are disposed in the thicknesswise direction of the
thin-walled portions of the molded product, have been
considered difficult to form in the past, but they can be

produced by the methods dJdescribed above so as to ensure
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What Is Claimed TIs:
1. A die-expanded molding apparatus for synthetic

resins, comprising:

starting material bead supply means for supplying
starting material beads consisting of a thermoplastic
synthetic resin on a current of air from a starting
material tank through a packer into a cavity formed by a
core mold and cavity mold;

at least dual-system air expulsion means having
pressure-adjustable air pressure-adjusting components
communicating with said cavity, for allowing the air used
to supply the starting material beads into the cavity to be
expelled from the cavity by means of the pressure
differential between the cavity and the air pressure-
adjusting components, sald at least dual-system air
expulsion means being such that a steam chamber on the back
side of the core mold and a steam chamber on the back side
of the cavity mold are used as the air pressure-adjusting
components, each communicating with the cavity through
through-holes formed in the core mold and cavity mold,
respectively; and

control means for independently controlling the air
pressure in each of the air pressure-adjusting coméonents
of said at least dual-system air expulsion means.

2, A die-expanded molding apparatus for synthetic

resins as set forth in Claim 1, wherein air expulsion means
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having one or a plurality of air pressure-adjusting
components communicating with the clearance between the
core mold and cavity mold is provided as said air expulsion
means, and the air pressures in the air pressure-adjusting
components in the plurality of air expulsion means are each
controlled independently or in any combination by said
control means.

3. A die-expanded molding apparatus for synthetic
resins as set forth in Claim 1 or 2, wherein air expulsion
means having one or a plurality of air pressure-adjusting
components communicating with the interior of the narrow,
bottomed portions where the starting material beads are
packed with difficulty is provided as said air expulsion
means, and the air pressure in the air pressure-adjusting
components in the plurality of air expulsion means are each
controlled independently or in any combination by said
control means so that the starting material beads are
packed first in the portions where packing is difficult.

4, A die-expanded molding apparatus for synthetic
resins as set forth in any of Claims 1 through 3, wherein
air expulsion means having one or a plurality_ of air
pressure-adjusting components communicating with remote
portions that are at a distance from the starting méterial
bead supply means is provided as said air expulsion means,
and the air pressure in the air pressure-adjusting

components in the plurality of air expulsion means are each
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controlled independently or in any combination by said

control means so that the starting material beads are

packed first in the remote portions.
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wherein atmospheric release, pressurization, reduced
pressure, and/or these are combined and the internal
pressure of a plurality of the air pressure-adjusting
components is controlled by saild control means so that the
packing density of the starting material beads can be
suitable determined in various parts of the cavity.
7. A die-expanded molding method for synthetic resins
in which starting material beads are packed into a cavity
formed by a core mold and cavity mold, the materilal is
heated, expanded, and fused to form a molded product, and
the molded product is cooled and released from the mold,
said die-expanded molding method for synthetic resins
comprising
, the manipulation of various service fluids for the
supply of steam to the cavity, pressurization and

depressurization, the supply of compression air, and the

like by using the inter-mold clearance, formed in such a
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"9, A die-expanded molding method for synthetic resins
in which starting material beads are packed into a cavity
formed by a core mold and cavity mold, the material is

heated, expanded, and fused to form a molded product, and
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resins as set forth in Claim 9, wherein said difficult-to-

pack portions' are pouch-shaped recesses formed in at least
one of the core mold or cavity mold.

11. A die-expanded molding method for synthetic
resins as set forth in Claim 9 or 10, wherein the
operations of delivering the starting material beads for
packing the starting material beads in a concentrated
manner in said difficult-to-pack portions are carried out a
plurality of times. .

12. A die-expanded molding method for synthetic
resins in which a die-expanded molding apparatus for

synthetic resins as set forth in any of Claims 1 through 6
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molded product is cooled and released from the mold, said

die-expanded molding method for synthetic resins
comprising:

supplying starting material beads consisting of a
thermoplastic synthetic resin on a current of air from a
starting material tank through a packer into the cavity
formed by the core mold and cavity mold by starting
material bead supply means when the starting material beads
are packed into the cavity; and

packing the starting material beads while controlling
the current of air in the cavity by .adjusting the air
pressure, independently or in any combination, in a plural-
system air expulsion means by automatic control by control
means.

13. A die-expanded molding method for synthetic
resins as set forth in Claim 12, wherein the air expulsion
means 1is controlled by said control means so that the
starting material beads are packed first in the. narrow,
bottomed portions where the starting material beads are
difficult to pack. .

14. A die-expanded molding method for synthetic
resins as set forth in Claim 12 or 13, wherein the air

expulsion means is controlled by said control means so that
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15. A die-expanded molding method for synthetic
resins as set forth in any of Claims 12 through 14, wherein
the starting material beads are packed into the cavity as
the amount of starting material beads being supplied to
said cavity per unit time is adjusted by adjusting means.

16. A die-expanded molding method for synthetic
resins as set forth 4in Claim 15, wherein the amount of
starting material beads per unit time on the current of air
for packing the cavity is adjusted by said adjusting means
by diluting the starting material beads with adjusting air.

17. A die-expanded molding method for synthetic
resins as set forth in Claim 15 or 16, wherein the final
degree of dilution is defined as the numerical value
obtained by dividing the volume of air supplied to the
cavity during packing by the volume of the starting
material beads, and the final degree of dilution is 5 or
more.,

18. A die-expanded molding method for synthetic
resins as set forth in any of Claims 7 through 17, wherein
the pressure in the cavity is set to a negative pressure
relative to the internal pressure of the starting material
tank holding the starting material beads, so as to allow
the starting material beads from the starting material tank
to be packed into the cavity when the starting material

beads are being packed, and the pressure in said cavity is
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adjusted to a positive pressure as the pressure in the
starting material tank is maintained during blow back
operations immediately prior to the conclusion of the
packing.

19. A die-expanded molding method for synthetic
resins as set forth in any of Claims 7 through 17, wherein
the pressure in the cavity 1s set to a negative pressure
relative to the internal pressure of the starting material
tank holding the starting material beads, so as to allow
the starting material beads from the starting material tank
to be packed into the cavity when the starting material
beads are being packed, and the pressure in said starting
material tank is adjusted to a pressure equivalent to or
lower than the pressure in the cavity as the pressure in
the starting material tank is maintained during blow back
operations immediately prior to the conclusion of the
packing.

20. A die-expanded molding method for synthetic
resins, comprising the execution of natural blow back at an
adjusted pressure as set forth in Claim 18 or 19 during
blow back operations immediately prior to the conclusion of
the packing, the subsequent closing of starting material
supply holes by a plunger, and the subsequent execution of

forced blow back.

o1, A die-expanded molded foam, comprising

a density of within = 5% of the mean density in various
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locations in the molded foam, wherein the degree of shape
complexity is defined as the numerical value obtained by
dividing the surface érea of the molded foam by the volume,
and the degree of shape complexity is 1.1 or more.

22 . A die-expanded molded foam as set
forth in Claim 21, wherein the wall thickness of the thin-
walled portions of the molded foam is 10 mm to 3 mm.

23. A die-expanded molded foam as set
forth in Claim 21 or 22, wherein 3 or Lless beads are
disposed in the thicknesswise direction of the thin-walled

portions of the molded foam.
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