METHOD OF MANUFACTURI NG MOLDED PRODUCT OF FOAMED RESIN AND APPARATUS FOR
MOLDI NG FOAMED RESI N BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention: The present invention relates to a nethod of and an appar at us
for manufacturing a nol ded product of foaned resin by injecting a nolten
resin into a nold and causing the nolten resin to foamin the nold. 2.
Description of the Related Art: 10 Mol ded products of synthetic resin that
are manufactured by in- jection nolding or the |ike are advantageous in that

they can_ biyestanesbeaaNR ATBINGIIBLOE PERODEIST BROEDRIED IRESIy

Ther ef ore, nol de n-"thetlic resin are used In Wi range of
fields and are avai ' f ' t shapes. Many
nol ded products of Jsb‘yr%ﬁgﬁAcFﬁ%-glg?%F?gvhgelLr?;r@@lgbérﬁD(Fﬁ)%@ portions such as
bosses, ribs, etc. Wien such nol ded products are produced, those convex
portions tend to suffer defects. Specifically, con- vex portions that are

formed when recesses in Dt | ' a resin are liable to
have defects such as si nkr@'bﬁgr S %P'\ﬁgﬁrfkg Im\ﬁNyrdema phe- nonenon in which
a partyg al depdidios tike Rieflogue to shrinkage upon cooling of the 20 resin. Any
defects that occur on the outer surface, which provides an outward

appear ance, of nol deqherireséitindérition @dtes ko Kehethod GFRPId ai Beparadggicts. One
process of mnimzing such sink marks is a foam ng process 1 n which a resin

i s foanmed foomanRRIcRH NG A madlded praduct be fdzpaed resin ©y ihjeetin@armolien pssigsur e.
According to the foam ng process, the dinensional "accuracy of the 25 foaned
product i nstoeparid andicaasinlthe kegterofesimie foasi i the raoldpr essed, and the
foaned product is made lighter in weight and | ess costly because the anpunt
of the red. Deaseeigtions of thduRekdtatiArtt o air bubbl es included in the product.
Acctor d-

*10 Molded products of synthetic resin that are manufactured by in-

jection molding or the like are advantageous in that they can be shaped con-
siderably freely to various configurations. Therefore, molded products of syn-
thetic resin are used in a wide range of fields and are available in a very large
variety of product shapes. Many molded products of synthetic resin have inte-
15 gral convex portions such as bosses, ribs, etc. When such molded products
are produced, those convex portions tend to suffer defects. Specifically, con-
vex portions that are formed when recesses in mold cavities are filled with a
resin are liable to have defects such as sink marks or the like that are a phe-
nomenon in which a partial dent is created due to shrinkage upon cooling of the
20 resin. Any defects that occur on the outer surface, which provides an outward
appearance, of molded products are highly likely to spoil the products.

One process of minimizing such sink marks is a foaming process
in which a resin is foamed to suppress shrinkage of the resin under the foaming
pressure. According to the foaming process, the dimensional accuracy of the

25  foamed product increases as the shrinkage of the resin is suppressed, and the
foamed product is made lighter in weight and less costly because the amount

of the resin used is reduced due to air bubbles included in the product. Accord-



-1 ing to the foam ng processes disclosed in Japanese patent No. 2625576
(first prior art) and Japanese | ai d-open patent publication No. 277298/97
(second prior art), no chem cal foam ng agent is used, but a supercritical
fluid is intro- duced into a resin and dissolved in the resin, after which
the resinis injected 5 into a nold. According to these disclosed processes,
fine cells are fornmed to produce a foaned resin product having a smaller
cell size and a high cell den- sity. According to an injection nolding

process, w@gmﬁmkm R@g\%seéEiécmsgﬂtiﬁgakﬁﬁésé‘gg@n@f\lo?iZBQSS?é igpl d has

general ly en coo ance, 1 nj ect resin s qulckly cool ed
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be sufficiently transterred to resul ting product may

have a pogjricRBRGHFHEMRA ffANiAg &RJeRE IsSuseds Buba stiperdrilicaluild i®thtidie surface
of the nolded product. As a solltion to the problemof such appearance

defects, tdieed iMa\Présntand®urReRRd iRANRE PesiFSaftdr WIsiERtHE résid & iMfddle@t a high
tenperature. For exanple, Japanese |aid-open patent publica- tion No.

18229/5200 Intotahimiott. PACdrdirid to tHes6 diserssedpratesutas fingtcello aréftnted toet hod of
i ntroducing a heating mediuminto a flow channel defined in a cavity bl ock
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resin, and thereafter introducing a cooling nediuminto the flow channel for
so 20 lidigitying the filled resin. Japanese | ai d-open patent publication No.
348041/99 (fourth prior art) reveals an arrangenent for and a nethod of
alternately intro- déccardimg teeaniimjgctiardmaotding grecassowhey aneditemresino anot her
fl ow channel dis- posed in a position near the surface of the nold in
addi ti on ti®injedtediintoreamold, sinae thie meldshaspgenatally baen cooteld inqadvancem 25
According to the foani ng process, described above, that _is used
10  the injected resin is quickly cooled and solidified in the mold. For this reason,
the shape of the mold may not be sufficiently transferred to the resin, and the
resulting product may have a poor appearance owing to defects such as a weld
mark on the surface of the molded product. As a solution to the problem of
such appearance defects, there have been proposed processes of keeping a
15 mold at a high temperature. For example, Japanese laid-open patent publica-
tion No. 18229/2001 (third prior art) discloses an arrangement for and a
method of introducing a heating medium into a flow channel defined in a cavity
block disposed in a mold base of a mold when the mold is filled with a molten
resin, and thereafter introducing a cooling medium into the flow channel for so-
20 lidifying the filled resin. Japanese laid-open patent publication No. 348041/99
(fourth prior art) reveals an arrangement for and a method of alternately intro-
ducing a heating medium and a cooling medium into another flow channel dis-
posed in a position near the surface of the mold in addition to a flow channel
which is supplied with a cooling medium.
25 According to the foaming process, described above, that is used
to prevent sink marks, if the temperature of the surface of the mold is low when

the molten resin is injected into the mold, then appearance defects such as



to prevent sink marks, if the tenperature of the surface of the nold is |ow
when the nolten resinis injected into the nold, then appearance defects
such as - 2 transfer failures D and weld mark Was shown in Fig. 1 of the
acconpanying drawi ngs are likely to occur on the nolded product. These
defects according to the foam ng process nmay be elimnated by increasing
the tenperature of the surface of the nold when the nolten resin is
injected into the nold, as with the 5 third prior art and the fourth prior

art. Howeugdnsférfamsresttanakri@ nitR\WashsHown @f Figet iof ehé ac@émghﬁﬁhg
appear ance defects such as transfer failures D and weld mark W a

phenomenoryraivirtf areliikeRitoritcoh bh fheigided pRodudt.§ TRBsE defedts abtedirgy td O
occur, as indicated by broken cell marks in Fig. 2 of the acconpanyi ng

drawi ngs. thedeamingpprodesyhriy beneliripapsd By iHceeading fiise tarderdaneieasfths, t he
resin 10 that is held in contact with the cavity surface of the nold

i ncreases surfacesfies mold whenahd meltdrosirdis injedtedniatarthdomald; asfwith teeiced
cells is ruptured, producing broken cells. The broken cells | eave broken

cel I rear ksthivd gmiot het ahidrthedoundih ptibeartmHokeslepy thdugh theaborg appsoaghpisar ance
very poor. SUMVARY OF THE INVENTION 15 It is therefore an object of the
present i refactiveto eimprate appearancetdedelcts Suamadsdransierafadunes D andneeldf act uri ng
a nol ded product of foamed resin which is prevented fromsuffering defects
such as simarkm lasphenomeron of¢ell breakinggvhith makesdbersuriage poomis iallBape wel |
transferred thereto and pre- vents defects such as weld marks from occurring
t her eon, dAPosHBRSHndicatad By bwken asllanaiksN\atreFig: 8rafilae agcomprByingnd hence
makes a good surface appear- ance. According to the present invention, there
i s provi dedrawings: nareaificallyawben dhe temperaturg of dae prejd irereases.daaEasinesi n by
I nj ecting ﬁ nplt?n,resin . . ) .
10 ~ thatis held in contact with the cavity surface of the mold increases its tempera-
ture and is foamed, and the membrane of produced cells is ruptured, producing
broken cells. The broken cells leave broken cell marks V on the surface of the
molded product, making its appearance very poor.
SUMMARY OF THE INVENTION
15 It is therefore an object of the present invention to provide a
method of and an apparatus for manufacturing a molded product of foamed
resin which is prevented from suffering defects such as sink marks based on
the foaming of the resin, has a mold shape well transferred thereto and pre-
vents defects such as weld marks from occurring thereon, and prevents cells
20 on the surface from being broken and hence makes a good surface appear-
ance.
According to the present invention, there is provided a method of
manufacturing a molded product of foamed resin by injecting a molten resin
into a mold and foamed in the mold. In the method, when the molten resin is
25 injected into the mold, a surface of the mold is kept at a temperature equal to or

higher than a heat distortion temperature of the resin. The mold is cooled to



into a nold and foaned in the nold. In the nethod, when the nolten resin is
25 injected into the nold, a surface of the nold is kept at a tenperature
equal to or higher than a heat distortion tenperature of the resin. The
nmold is cooled to - 3 cool and solidify the resin imediately after the
filling of the nold with a prede- termned quantity of the resin is

conpl eted. According to the above nethod, before cells in the resin grow
into a large size, the tenperature of the surface of the nold is lowered to

cool 5 andhopghiduiiin B ER rhdhibfy M6 el of 6 6l B allhie, I .

Ther ef or e, sina ace lay e resin near the
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in the surtace n an 1nner layer of the resin renote fromthe

surface of the nold, A&%b?&n%ﬁ?’#é’éﬁb@me‘ﬂbﬁ %ﬁ_g@%éﬂgqﬁ tid résl\i/}\hegfm,{,ten resin,

and the resin is foanmed as a usual 10 f oam ng process. n the resin
I's I nject Qﬁtoéfﬁ%égfz%?ﬂ% Rmperatuie lof theslirfdde @fthed mbRITBfowéredopeRl to or

hi gher than the heat distortion tenperature of the resin. Therefore, the

ol ters 1 esHnd $dirtify A6 s eé ISiARY bf tHeesuitideasiah@imélae Therefoh@sthet he shape

of the surface of 'the nmold well transferred thereto and has its 15

f1 owabi | i tgrowtiPbPEeld. in BsurfRpubyendf thelrdsif neae thie suifacé betheoholteisect s such
as weld marks or the like, and has a good surface appearance. The nold

shoul d pr eduppaddsedpand tind eskirs isosdtcagsentially feamdttinsthetsurfacedaydratintame filling
of the mold with a predeterm ned quantity of the resin is conpleted. If not
at the sarener lager ofithemresid remotd frobrethecsurfateadfithe mdid, €élls gnow @le td t he nol d
with a predeterm ned quantity of the resin is conpleted and before a
sur f ace | dhestaredtheat obthienmstten rasincamd the resin istfeamed as witha usuater, t he
mol ded product is prevented fromsuffering broken cells on the surface and
has a Qoodoaming process.
When the resin is injected, the surface of the mold is kept at a
temperature equal to or higher than the heat distortion temperature of the resin.
Therefore, the molten resin that has reached nearly the surface of the mold has
the shape of the surface of the mold well transferred thereto and has its
15  flowability improved. The resultant molded product is free of defects such as
weld marks or the like, and has a good surface appearance.
The mold should preferably be cooled substantially at the same
time that the filling of the mold with a predetermined quantity of the resin is
completed. If not at the same time, the mold should be cooled after the filling
20  of the mold with a predetermined quantity of the resin is completed and before
a surface layer of the resin starts foaming at latest. In this manner, the molded
product is prevented from suffering broken cells on the surface and has a good
surface appearance.
Steam should preferably be supplied as the heating medium to
25  the flow channels in order to keep the surface of the mold at the temperature
equal to or higher than the heat distortion temperature of the resin. Further-

more, water should preferably be supplied as the cooling medium to the flow



surface appearance. Steam should preferably be supplied as the heating
mediumto 25 the flow channels in order to keep the surface of the nold at
the tenperature equal to or higher than the heat distortion tenperature of
the resin. Further- nore, water should preferably be supplied as the cooling
mediumto the flow - 4 channels to cool the nold. Preferably, the nold is
alternately heated and cooled by alternately supplying a heating nmedi um and
a cooling nediumto a conmmon flow channel defined in the nold. Thus,

heating arfafinglkitd¢ospihelrfolds \WretéraBlydthec kol Rrditeraatelyyhaatell endsi npl e singl e
system of flow channels, and 5 the nol ded product is prevented from

suf f er i ng coblgdelty akernateiystpslyitgrd heatiramhediums aadgocoblimg mhadinappeaar ance.
The resin nay be nade foamabl e by a supercritical fluid intro- duced

t her ei nt o,coamioméipwichannebdéfiried im the mbitle Thasaheating and lcoolimg dan bei ng t he
supercritical fluid is effective to produce fine cells in the resin, and
reduce t heswiteheelquickiyzandedsiywitle assmplessioglel sydtemaidf flowashamridls,lamgwn i n t he
art. The tenperature of the surface of the nold is nonitored, and the resin
start $ t o the maljled peatitichisoprelentedl flomiseiffeting bnaktent celisdon thepsuriacer andf t he
surface of the nold is detected as being equal to or higher than the heat

di stor- tihas a eppdparfaceappeanasceesin. Wth this arrangenent, transfer
failures and weld 15_marks are prevented nore reliably fromoccurring. If
the filling of the ndhe rasinimay e rpade éamabledy ajgupericrilicaifluichipticasin i s

detected as being conpleted by a . signal from an i,njﬁection nol di ng machi ne
whi ch i nj dbcedithereinte; and may Beninjealed in amelierssiateiitathe mold-nbainghet o
cooling can gui ,c_klt/ and easi L)é be perforned. If the resin.in Iud%s a base
resin and SYPPEGriticalflyid és ededMedp pro U%E!’é%l"?‘ﬁﬁsﬁ"é 8 resineAnd fedyeeuthedi st or ti on

tenperature is a heat distortion te .
P 10 cell size anc? increase the ce?l denstlgl, as well known in the art.

The temperature of the surface of the mold is monitored, and the
resin starts to be injected into the mold when the monitored temperature of the
surface of the mold is detected as being equal to or higher than the heat distor-
tion temperature of the resin. With this arrangement, transfer failures and weld

15  marks are prevented more reliably from occurring. If the filling of the mold with
the predetermined quantity of the resin is detected as being completed by a
signal from an injection molding machine which injects the resin into the mold,
then switching from heating to cooling can quickly and easily be performed.

If the resin includes a base resin and a reinforcing material

20 added thereto, then the heat distortion temperature is a heat distortion tem-
perature of the base resin exclusive of the reinforcing material.

According to the present invention, as described above, since
the surface of the mold is heated to a temperature equal to or higher than the
heat distortion temperature of the resin when the resin is injected, transfer fail-

25  ures and weld marks are prevented from occurring in the molded product.
Since the molded product is produced by the foaming process, it is free of de-

fects such as sink marks, has good dimensional accuracy, and is light in weight



perature of the base resin exclusive of the reinforcing material. According
to the present invention, as described above, since the surface of the nold
is heated to a tenperature equal to or higher than the heat distortion
tenperature of the resin when the resin is injected, transfer fail 25 ures
and weld marks are prevented fromoccurring in the nol ded product. Since

t he nol ded product is produced by the foam ng process, it is free of de-
fects such as sink nmarks, has good di nensional accuracy, and is light in

wel ght - - ahd BAn!caet! Pu@ﬁﬁgnsorgygnggﬁbmaeproab@t e RS dels prinetsuteno cell's

In the surtace ayer an surf'ace appearance because the surface
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predeterm ned quantity o e above and ot her objects,
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the follow ng description with ref- erence to the acconpanyi ng draw ngs
whi ch il | yseredig. exanpl es of the present invention. BRI EF DESCRI PTI ON OF
THE DRAWNGS 10 Fig. 1 is a perspective view of a conventional nol ded

produg of foaned rheraidvatandsothiepdbjeets, féatards)andeadvantdgesofthet he
surface of a nold is lowat the tine aresinis injected into the nold,

Fig. 2 is presemtdpemitionewillivesonfe apparsmeindichelfollawidgdescription with ref-oanmed
resin that is produced when the tenperature of the surface of a nold is 15
t oo hi gh arehtetd theeaccongsanyingdiawiegs athichnillostrate exanthlesofthelpriesent
cross-sectional view, partly in block form an appara- tus for manufacturing
a nol ded pneehnton.of foaned resin according to the pre- sent invention;
) BRIEF DESCRIPTION OF THE DRAWINGS
10 Fig. 1 is a perspective view of a conventional molded product of
foamed resin that is produced when the temperature of the surface of a mold is
low at the time a resin is injected into the mold;
Fig. 2 is a perspective view of a conventional molded product of
foamed resin that is produced when the temperature of the surface of a mold is
15  too high at the time a resin is injected into the mold;
Fig. 3 is a cross-sectional view, partly in block form, an appara-
tus for manufacturing a molded product of foamed resin according to the pre-
sent invention;
Fig. 4 is a graph showing the temperature, as it varies with time,
20 of the surface of a mold that is used in a method of manufacturing a molded
product of foamed resin according to the present invention;
Fig. 5 is a flowchart of the method of manufacturing a molded
product of foamed resin according to the present invention; and
Fig. 6 is a perspective view of a molded product of foamed resin
25  thatis produced by the method of manufacturing a molded product of foamed
resin according to‘the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



Fig. 4 is a graph showing the tenperature, as it varies with tine, 20 of
the surface of a nold that is used in a nethod of manufacturing a nol ded
product of foaned resin according to the present invention; Fig. 5is a

fl omchart of the nethod of manufacturing a nolded product of foaned resin
according to the present invention; and Fig. 6 is a perspective view of a
nol ded product of foaned resin 25 that is produced by the nethod of

manuf acturi ng a nol ded product of foanmed resin according to the present

i nvention. DESCRI PTI £iy. GFshidviks inRir6&REEEdnVpaRiyMNdIGCk forf, ahi appdsatusows i n
cross section, partly in block form an apparatus for manufacturing a

mol ded pr éotunanofacturimgesl mclded produst of fognied tdsin pceding toitheqmesent. As shown
in Fig. 3, the apparatus conprises fixed nold 1 and nov- able nold 2 that is
movabl e i imvendiod. As shdwre imFige 8, thietappfarates conhptises flkedrmbldf 1 asd mov-d 1 and
novable nmold 2 are joined to each other, i.e., when the nold assenbly
const r uct @leomold dhiatris Imbvabie thtorand lwut ofrodntagt with fixed eaglddavWhen3 i s
created between fixed nold 1 and novable nold 2. Cavity 3 has a shape
conpl énenfixeg maldtihand maveblsr maldi are joingst todeach othed iies, waen teeimojd i nner
cav- ity surfaces 1 a, Z2a includi nP recesses 5 that are aligned with
respect i vasgembbxcanstiveted offixed moldcband mexstle siald 2rs clqgedz pavitid iss
bosses, ribs, or the like on the desired product. Fixed nold 1 and novabl e
mol d 2 haweeated bgiween jixed mald, andymavable raolded.i GaMity Adesishshar® i nner
cavity surfaces 1 a, 2a, Heating nediu supply 7 and_coqling nmedi um supply
S are conﬁ@BiRi@f"?Bta\W tatheehanrg %%dﬁﬁ'f&lﬁ@éﬁ"ﬁ?b@r&d 'EFGJ/HF&@Q’ '8“%‘?5‘“
sel ectivel,y supplyi,ng.a.heating nediu e.g., steam .15 to heat inner cavity
surfaces 1¥surtaRed 13 28 midiing Tadthosn o oy et Wip resRRctVe oBV e avi 1y
surf 4%°° lpo‘?‘ﬁonzsa(two convex portions in Fig. 3) such as bosses, ribs, or the like on the
desired product. Fixed mold 1 and movable mold 2 have a plurality of flow
channels 6 defined therein near inner cavity surfaces 1a, 2a. Heating medium
supply 7 and cooling medium supply 8 are connected to flow channels 6 re-
spectively by valves 9 for selectively supplying a heating medium, e.g., steam,
15  to heat inner cavity surfaces 1a, 2a and a cooling medium, e.g., water, to cool
inner cavity surfaces 1a, 2a.
Fixed mold 1 has gate 4 connected to injection molding machine
10 for injecting a molding resin into cavity 3. Injection molding machine 10 has
resin supply 11 for supplying a molding resin such as a thermoplastic resin, for
20 example, and foaming agent supply 12 for supplying a supercritical fluid serv-
ing as a foaming agent. According to the present embodiment, foaming agent
supply 12 pressurizes a gas such as a carbon dioxide gas or a nitrogen gas
into a supercritical state, and dissolves the gas in the supercritical state as a
supercritical fluid into a molten resin supplied from resin supply 11. Therefore,
25  the resin that is made foamable by the supercritical fluid dissolved therein is

injected from injection molding machine 10 through gate 4 into cavity 3.



Fixed nmold 1 has gate 4 connected to injection nolding nmachine 10 for
Injecting a nolding resin into cavity 3. Injection nolding machi ne 10 has
resin supply 11 for supplying a nolding resin such as a thernoplastic resin,
for 20 exanple, and foam ng agent supply 12 for supplying a supercritical
fluid serv- ing as a foam ng agent. According to the present enbodi nent,
foam ng agent supply 12 pressurizes a gas such as a carbon di oxide gas or a
nitrogen gas 1into a supercritical state, and dissolves the gas in the

supercritical state wmaldiﬁqlpﬂmtshtcbﬁ@éd 6lhwyjtﬁerépba_ﬁtalfm|§hblwm$ﬁﬁ=ig.3upp| i ed
fromresin supply 11. Therefore, 25 the resin that is made foamabl e by the

supercritiiegla fethatl df manlfaeturiniea ensided pradiice of foankéd resimjpecording twl di ng
machi ne 10 through gate 4 into cavity 3. - 7 A nolding process carried out
by t he applae ptesens mvention, Willhhe Gescribed.belew mdthheferehcedm frigec diandh§. a nol ded
product of foaned resin according to the present invention, wll be
descri bed bel ow w t hThefroldrassemblyisyslosed tonbritg mMihvableoind!dh2 sntotdlgse s cl osed
to bring novable nold 2 into close 5 contact with fixed nold 1, producing
cavi ty 3 sontastwithifiked molddl,Jpraddcing cavidy Bdetween fixedmrold 1aantbadvag nedi um
of steamis introduced fron1heatiq% me- dium supply 7 through valve 9 into
fl ow chan®dlem®ld Bedthengatheatingiraediverefstgamiis l@it@%:cs@ feoroieatingmer 5. If a
t enperature sensor énot shown) detects when the tenperature of inner cavity
surfaces diwn sppplyet direughivghver9 intafowehanaglsi® heatingdhe meld@ssembine
nolding resin is heat distortign, i.e., the heat distortion tenperature, in
step S2, th&teR A] sBewsn fig-B-nlf afgameratul® seRs(net shewnldetgcts\WheRy with the
supercritical fluid thrqugh gate 4 jnto cayity 3 in ste 3. If the resin
i et w ¢ A1 FRMBSTAGerGf ARl CHI SUriages [ 8ede DRFAIESGHAT tHat 1BRIIATET i nod
quantity into cavity.3 including recesses 5.and has fille Vi t 15 3 in
dep sy kRuré AL idichhRonatin s R e 5td8ects. e heht E85HA A ng
temperature, in step S2, then injection molding machine 10 injects the resin
mixed with the supercritical fluid through gate 4 into cavity 3 in step S3.
If the resin mixed with the supercritical fluid has been injected in
a predetermined quantity into cavity 3 including recesses 5 and has filled cavity
15 3 in step S4, then injection molding machine 10 issues a signal representing
that the injection of the predetermined quantity of the resin mixed with the
supercritical fluid is completed in step S5. When the signal from injection
molding machine 10 is detected by a controller (not shown), the controller op-
erates valve 9 to stop supplying the steam from heating medium supply 7 to
20  flow channels 6 in step S6. Then, cooling medium supply 8 starts supplying a
cooling medium of water to flow channel 6 in step S7. The supplied water
quickly cools the mold assembly near flow channels 6, i.e., near inner cavity
surfaces 1a, 2a. The resin in the mold assembly is now cooled and solidified
into molded product P having a neat appearance free of broken cell marks on
25 its surface, as shown in Fig. 6, in step S8. As molded product P is produced by
the foaming process, it is free of defects such as sink marks, has good dimen-

sional accuracy, and is light in weight and low in cost. Furthermore, molded



that the injection of the predeterm ned quantity of the resin mxed with the
supercritical fluid is conpleted in step S5. Wien the signal frominjection
nol di ng machine 10 is detected by a controller (not shown), the controller
op- erates valve 9 to stop supplying the steamfrom heating nedi um supply 7
to 20 flow channels 6 in step S6. Then, cooling nediumsupply 8 starts
supplying a cooling nmediumof water to flow channel 6 in step S7. The
supplied water quickly cools the nold assenbly near flow channels 6, i.e.,

near i nnerpre@ydttPyis il bPagvedrance dafectdIsudteas franbfdr iilures dveldsagiNsy i s now
cooled and solidified into nolded product P having a neat appearance free

of broken etel bevaudesinaer aévi?tmrmw%m,zaaaremm wheRitbe résiniigirst ep S8. As
nol ded product P is produced by the foam ng process, it is free of defects

such as sijettednikaon-ihstratenticahtralier isscormmctent touingecyionanolding miaghinei n wei ght
and low in cost. Furthernore, nolded - 8 product Pis free of appearance
def ect s suldh valvet9,destiag nedilor spplyvE| cootingaediuet supply@; anddhé moar cavity
surfaces 1 a, 2a are heated when the resin is in- jected. A non-illustrated
cont r d | erillusiratech teroperature semsot tanshsenssdsignalade andeecdives signals I0mheat i ng
medi um supgl y 7, cooling nmedium supply 8, and the non 5 illustrated

t enper at urtbesepemppnants toaoatrokthgal s to and receives signals from these
conponents to control_them Reasons why nol ded product P of good appearance
is obtained will be Reasonsydy meldad praduet P ohgopd appearanse igiobtained
supercritical fluid is injected into 10 cavity 3, it is released fromthe
pressure Willbe dascrled BeigW.subj ected to, and the supercritical fluid

ar ger ' si zes i n the ARGTNG 4SIF AP KBS SUBOBH ANBH) i Sd P aces 1
2a el N NG o) 138 rditSsd fom the pressite wisch R s Bsen Sl158c038%sg 'S Wi eh
the supercritical fluid dissolved in the resin is foamed into fine cells. The cells
grow into larger sizes in the resin. If the temperature of inner cavity surfaces
1a, 2a were higher than the heat distortion temperature, then those cells which
are positioned near inner cavity surfaces 1a, 2a wouid grow into large sizes
15  and would be broken by contact with inner cavity surfaces 1a, 2a, making the
appearance of the surface of the moided product poor with broken cell marks,
as with the conventional molded product shown in Fig. 2.
According to the present invention, however, immediately when
the resin fills up cavity 3, the cooling medium (water) is supplied to flow chan-
20 nels 6, quickly cooling inner cavity surfaces 1a, 2a. Therefore, the resin that is
positioned near inner cavity surfaces 1a, 2a is solidified essentially without be-
ing foamed. Therefore, as shown in Fig. 6, the surface (surface layer P2) of
molded product P has its appearance not impaired by broken cell marks
caused by broken cells, but has a neat smooth appearance as if it were molded
25 by a usual molding process other than the foaming process. The temperature
of water flowing through flow channels 6 is not well transmitted to inner layer

P1 of the resin, i.e., the resin that is positioned remotely from inner cavity sur-



are positioned near inner cavity surfaces 1 a, 2a would grow into | arge
sizes 15 and woul d be broken by contact with inner cavity surfaces 1 a, 2a,
maki ng the appearance of the surface of the nolded product poor with broken
cell marks, as with the conventional nolded product shown in Fig. 2.
According to the present invention, however, imrediately when the resin
fills up cavity 3, the cooling nmedium (water) is supplied to fl ow chan- 20
nels 6, quickly cooling inner cavity surfaces |a, 2a. Therefore, the resin
that is pdacés vag2h,nhkich isiner quickly cpoked: fEwrefote ahe2asinsthabisi phsiticred
essentially without be- ing foamed. Therefore, as shown in Fig. 6, the
surface (genfoielg flomy emeP2avity surfaceteth Raisifoamedhassusual bythe aupearitinot
i npai red by broken cell nmarks caused by broken cells, but has a neat snoboth
appear ancecahfiuidf The injaatedrodsie i thbisipressadsfiranly mghitish inner cayity sutfaees t han t he
foam ng process. The tenperature of water flow ng through fiow channels 6
i s not wella,2azurgier the tbamingrpressurayso thatthemalted peaduct is free of iee resin
that is positioned renotely frominner cavity sur- - 9 faces 1 a, 2a, which
i s not5 quifeelisysucb@serink TMarke foddastgood digiensidnal aceurpoyi Aswelg aredmot el y
frominner cavity surfaces 1 a, 2a is foanmed as usual by the supercriti- cal
fluid. Thecludgchwitbin thegesini the ameunt efdbedesiniused is gelptively ismalk ity
surfaces 1 a, 2a under the foam ng pressure, so that the mol ded product is
free of deneldeddreductds thus lightin weight anddowds cgsb Miladhe resialls Rewar acy. As
sin, the amount of the resin used is

(r:gl lats i %Fy'n@étﬁfi g'”%%éwn%&%@& %’%@9&1 8 a@g Hepleshpy the DRatid MeAKM ow i n
stéﬁe nede nﬁﬁfvﬁé&'@wsﬁgf&ﬁmﬂﬁ‘fﬁ B defRplersush '““e{ren%éhg%'u?é‘%%ﬁ Ghannel &
oo g ALERR B A Bt TS M, i e oo EUFRLES 1"
f oamad Onltﬁe}é?oﬂet, ﬁ'\é FEST is f&yaﬁ{eap c}nly"mﬂs ?ﬁ”er%ferlﬁ%rndpﬁmace layer P2
has almost no cells and serves as a smooth fine skin layer. As a result,
molded product P has a very neat appearance.
According to the present embodiment, steam is used as the
15  heating medium supplied to flow channels 6, and water (cold water) is used as
the cooling medium supplied to flow channels 6. Steam whose latent heat is
substantial is most preferable for use as the heating medium in order to in-
crease the temperature of the molds to a temperature which is equal to or
higher than the heat distortion temperature. Steam may be supplied to flow
20 channels 6 before the resin is injected into cavity 3. If the injection molding
process is to be carried out successively, then steam may be supplied to flow
channels 6 immediately after the molded product is removed from the mold as-
sembly for increased efficiency. The temperature of the molds is determined
by the pressure of the steam that is supplied to flow channels 6. That is, the
25  temperature of the molds increases up to a temperature substantially close to
the temperature under a saturated steam pressure because of the pressure of

the steam. The heat distortion temperature has a value which is inherent in the
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has al nost no cells and serves as a snooth fine skin layer. As a result,

nol ded product P has a very neat appearance. According to the present

enbodi ment, steamis used as the 15 heating medi um supplied to fl ow channel s
6, and water (cold water) is used as the cooling nmediumsupplied to flow
channel s 6. Steam whose |l atent heat is substantial is nost preferable for
use as the heating nediumin order to in- crease the tenperature of the
nolds to a tenperature which is equal to or higher than the heat distortion

t enper at utype ditthenesiniused andowhichdiariesfftopmrédin td eesiel The tomiperatuteief resin is
injected into cavity 3. If the injection nolding process is to be carried

out succe#s melds cdmbe set raaterapetaturelgrplal ¢éalot highkotharctherrest digior-mmedi at el y
after the nol ded product is renoved fromthe nold as- senbly for increased

ef fi ci enction Térapermtpesaifwaeions resins bylfinely adjdstirey inenstdambpyressarepwitissur e of
the steamthat is supplied to flow channels 6. That is, the 25 tenperature
of the norespechto thestesnpgratuce antdenasaturates steast pressaiel y cl ose to the
tenperature under a saturated steam pressure because of the pressure of the
st eanb The heat di st dheiconling mesiumdorcdalingtheahaldsshould most pieierant in t he
- 10 type of the resin used and which varies fromresin to resin. The
t enper at ubly g watergnvigw of dagombination: wittsteanpas the heating aediunoAmi gher
than the heat distor- tion tenperatures of various resins by finel
adj ust i ngCOKtNG teHA presestin¥enkiam in pedgsdestarbcedling tbpgeelds imemediately a
saturated steam pressure. 5 The cooling nedi um for coolhnﬁ t he | ds shoul d
most pr ef BREL CayYily Jis fHledawith the, meltearesinsit ionesassancte wickly switsh t he
heat i ng di u c- cordi to the present inventjon, in order tq start
Cool i ng 1 Bes g eaRgmealy angbe B0k mpclime SnGd ie heatno medieh - n
resi It s, necessary to .quickly swtch he- tween the heati ng nedi um and
e Bol | AbSteB firns stnuiBhhRn toPHghsaRi te! T Supplied 5% the Soofing
medium, then there is not much trouble involved in switching between the heat-
ing medium and the cooling medium, and the molds can quickly be cooled by
the cooling medium. Above all, common flow channels 6 can be used by the
heating medium of steam and the cooling medium of water. By switching from
15  the supply of the heating medium of steam to the supply of the cooling medium
of water to common flow channels 6, it is possible to quickly cool the molds
without the heating medium being left in flow channels 6.
At the time the molten resin is injected into cavity 3 in the mold
assembly, since the temperature of inner cavity surfaces 1a, 2a is kept equal to
20 or higher than the heat distortion temperature, the shape of inner cavity sur-
faces 1a, 2a can well be transferred to the resin that fills up cavity 3.
If the temperature of inner cavity surfaces 1a, 2a were lower
than the heat distortion temperature, then since the molten resin injected into
cavity 3 would be cooled and solidified by inner cavity surfaces 1a, 2a, the
25  shape of inner cavity surfaces 1a, 2a would not sufficiently be transferred to the
resin, and weld marks would be formed, resulting in a poor product appearance

as indicated by the conventional molded product in Fig. 1. Therefore, when the
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10 of steamturns into water when condensed, if water is supplied as the
cooling nedium then there is not nuch trouble involved in swtching

bet ween the heat- ing nmedium and the cooling nedium and the nolds can

qui ckly be cooled by the cooling nedium Above all, common flow channels 6
can be used by the heating nediumof steam and the cooling nedium of water.
By switching from 15 the supply of the heating nmedium of steamto the supply
of the cooling nmedium of water to comon flow channels 6, it is possible to

qui ckly combitdrhrsiFistrought iRt Eortaet Wi inrs caRRy Borfaced ta, 24, tthé Redihow
channels 6. At the time the nolten resinis injected into cavity 3 in the

nol d  asseigeds to dertisd bbsudieanemperdtaredivhichnerepsanie rysiawoftesrerugh te, 2a is
kept equal to 20 or higher than the heat distortion tenperature, the shape

of inner metMe%haPéaﬁcﬁme‘r cavitgsufacesveh) 28t be aaskiarreetita thetrbsin: esi n t hat
fills up cavity 3. |[f the tenperature of inner cavity surfaces 1 a, 2a were

| ower t hafaridus dredysedithabhaveobeére miecindicate thHat thestemperabeerdflineer resi n
injected into cavity 3 would be cooled and solidified by inner cavity
surfaces Tawity 8arfacdse122a blagpuld die equed to oahigher sharf thedsedt distoétnwoul d not
sufficiently be transferred to the resin, and weld marks woul d be forned,
resul ti ng temperatuce spas do keep pipe esimseft easugh do bave thé ghape ot inmeent i onal

mol ded product in Fig. 1. Therefore, when the - 11 nolten resin is brought
i nt o cont avityisufacemba, 2ata bg transfesaskwell ig thearesime resin  needs to be held
at such a tenperature which keeps the resin soft enough to allow the shape
of inner cavity surf #dbe temperature of ippet cavilyf wifasest i@, 2asvergston higiar i ous
anal yses that have been nmade indicate that the tenperature of inner 5 cavity
surfaces hayweves apbanempror&fiaell beeakingpesiss, Making: & poREARPRAT3NER Of on
tenperature so as to keep the resin soft enough to have the shape of inner
cavi t30 surthgsugage 5?? h?dmpﬁ%mlop&ﬁ%fﬁh? ehenRMENeR is FRNgidered to &

caused by that fact that even if the cooling medium (water) is supplied to flow
channels 6 immediately after cavity 3 is filled up with the resin, the resin is not
cooled fast enough, and the resin held in contact with inner cavity surfaces 1a,
2a is foamed and produced cells are broken. Accordingly, the temperature of

15  inner cavity surfaces 1a, 2a at the time the resin is injected should preferably
be at such a level as to be able to cool the resin to a temperature at which no
foaming occurs, immediately when water flows into flow channels 6. Resuits of
experiments and analyses carried out by the present applicant have revealed
that the temperature of inner cavity surfaces 1a, 2a should be equal to or

20 higher than the heat distortion temperature and equal to or lower than the heat
distortion temperature + 50 degrees.

As described above, according to the present invention, at the
time the filling of cavity 3 with the resin is completed, inner cavity surfaces 1a,
2a are quickly cooled by water. The completion of the filling of cavity 3 with the

25  resin is generally detected by the controller based on a signal from injection
molding machine 10. In response to the signal, the controller switches from the

supply of the heating medium of steam to the supply of the cooling medium of

- 12 -



If the tenperature of inner cavity surfaces 1 a, 2a were too high, however,
a phenonenon of cell breaking occurs, making a poor appearance of 10 the
surface of the nolded product. The phenonenon is considered to be caused by
that fact that even if the cooling nmedium (water) is supplied to fl ow
channels 6 immediately after cavity 3 is filled up with the resin, the resin
Is not cooled fast enough, and the resin held in contact with inner cavity
surfaces 1 a, 2a is foamed and produced cells are broken. Accordingly, the

t enper at unatef tolSod! M caRity sMrfaced 28e2a.1lfahe dwitdhinghs delayeds tie frestin i s
I njected should preferably be at such a level as to be able to cool the

resin to dille@ineawtys etarts folhtimg whenftempergturs ofiinper caviposafades vden wat er
flows into fl ow channels 6. Results of experinments and anal yses carried out

by the pr&geiptstitiequationdr Higiver thardiad édat distdrtiomterhperaturel with thé resuler cavity
surfaces 1 a, 2a should be equal to or 20 higher than the heat distortion

t enper at urteatanphenorakenon obcell breakingaccursdn trealayedobtherresomrwhiehper at ure + 50
degrees. As described above, according to the present invention, at the
time the fhdld imeprdactowith innes cavityhsutiacaseta,rRd, 4o droppir hedurfacentayecal/i ty
surfaces 1 a, 2a_are quickly cooled by water. The conPI etion of the filling
of cavity tBevgsin. (Therefore, dhe timing treawiteh fromuthecsiinply of thethealigtmet | er based
on a signal frominjection nolding machine 10. In response to the signal,

t he cont r dlivarof sigarprie the supply 198 thes apeling ediume of waters ohirapertange, st eam t o
the supply of the cooling nediumof - 12 water to cool inner cavity

surfaces BNg thegwitchinghshald peeferaply be deadg the instant thesfilling of cavily 3n” cavity 3
starts foaning when tenperature of inner cavity surfaces la, 2a is still
equal to d’t"thﬂ?lﬁ{@ﬁ'rt'ﬁ&@"iﬂ*\@teﬁ'ed'ﬂoweﬁfoﬂ order i pisshatae e hgatingte- r esul t

5 hel 1 | n SURSea o ARBrCTERRer S aorrueel e oo medividi¥eBhe surface

layer of fully into flow channels 6, a slight time lag including a time required for switch-

ing operation of valve 9 is inevitable. Depending on the shape and size of the
molded product and the type of the resin used, it is desirable to switch from the
supply of the higher-temperature medium to the supply of the lower-

15  temperature medium several seconds to several tens of seconds from the start
of the injection molding process, and several seconds at latest from the com-
pletion of the injection molding process.

Specific examples of the method of manufacturing a molded
product of foamed resin according to the present invention will be described

20  below.

Inventive Example 1

In the present example, a supercritical fluid generating appara-
tus SCF10 (trade name) manufactured by Showa Tansan, Co., LTD. was used
as foaming agent supply 12, an injection molding machine J450EL-MuCell

25 (trade name) manufactured by Japan Steel Works LTD. was used as injection
molding machine 10, and a molding apparatus having a structure capable of

quickly heating the molten resin with a heating medium of steam and quickly
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the resin. Therefore, the timng to swtch fromthe supply of the heating
me- diumof steamto the supply of the cooling nmediumof water is of

i nportance, and the switching should preferably be made the instant the
filling of cavity 3 wth the resin is conpleted. However, in order to

di scharge the heating ne 10 di um of steam from fl ow channel s 6 and suppl y
the cooling nmediumof water fully into flow channels 6, a slight tine | ag
including a tinme required for switch- ing operation of valve 9 is

i nevi t abl eooleg tHtdinditeA fedin avitha eoo M midiLem of water agidisdidetriodaph- and the
type of the resin used, it is desirable to swtch fromthe supply of the

hi gher - temeseaaldrcmemmhtem publicatios N I34804 1 /d9ewas wsed &S the maldimguae medi um
several seconds to several tens of seconds fromthe start of the injection

mol di ng prpacatss, Gilass-fibsreminforedqalgcarbohated€iZK3200: tiagleawmme)pinanuen of t he
I njection nolding process. Specific exanples of the method of manufacturing
a nol ded factuckdtby tdenhitsaniBetroetsemicatCor, diTity containimg2:%coft glasy &bei on wi | | be
described 20 below. Inventive Exanple 1 In the present exanple, a

super & i t iwad usediasltheemelding resinp Jhedaseuresipdpoty carbenateefibe meldirfgact ur ed
by Showa Tansan, Co., LTD. was used as foam ng agent supply 12, an

i nj ecti on regindiasg heatdistortiorstemperatuse of 76°Ct r ade name) manuf actured by
Japan Steel Wrks LTD. was used as injection nolding nachine 10, and a

nol di ng appar at us haysing mesapnafauﬁedeﬁ@nbgd@b@ve ﬂi\@.rmld;nm@&m refeerad ol t en
resin wwth a heating nedi um of steam and qui ck cooling. the nolten
resin w t Hoabeye|(@lags-hber- [ﬁW@fC%E’@W%@Oﬂﬁ@IVﬁ%HQ% Qféﬁ?ébomgl%('QQai”d open
pat ent pub

SRR R R e R AR RN B

10  the mold assembly, producing flat molded product P having a thickness of 3
mm, a width of 210 mm, and a length of 290 mm. When the molding resin was
injected, steam was supplied to flow channels 6 in the mold assembly to keep
the temperature of inner cavity surfaces 1a, 2a at 120°C. At the same time that
the injection of a predetermined quantity of the molding resin into cavity 3 was

15 completed, the steam in flow channels 6 was discharged, and cooling water at
25°C was supplied to flow channels 6 to cool the molds. After the resin was
solidified, molded product P was removed from the mold assembly. An obser-
vation of the surface of molded product P indicated that no glass fiber added to
the resin was exposed on the surface, and molded product P had a very good,

20 glossy surface.

Inventive Example 2

Using the same apparatus as in Inventive Example 1, the same
molding resin referred to above (glass-fiber-reinforced polycarbonate) as in In-
ventive Example 1 with 0.3 % of nitrogen in the form of a supercritical fluid in-

25  troduced thereinto was injected into cavity 3 in the mold assembly, producing
flat molded product P having a thickness of 3 mm, a width of 210 mm, and a

length of 290 mm. When the molding resin was injected, steam was supplied
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factured by Idemtsu Petrochem cal Co., LTD. containing 20 % of gl ass fi ber
5 was used as the nolding resin. The base resin (polycarbonate) of the
nolding resin has a heat distortion tenperature of 75C. Using the apparatus
descri bed above, the nolding resin referred to above

(gl ass-fiber-reinforced polycarbonate) with 1.0 % of carbon dioxide in the
formof a supercritical fluid introduced thereinto was injected into cavity
3 in 10 the nold assenbly, producing flat nol ded product P having a

thi ckness 1g¥io% cHiAnef B“irﬁfgga t?nBloQéé’sémblyfl‘G‘ﬂe?P gﬁéﬁmPgiat%%f% byt he

nmol ding resin was 1 nject St eam was " supp ow channels 6 in the

ol d assergyrtack8 14628 at i PG°C EMMAAEHAR tihe tHHtThe Gjutlion 614 bréRited a, 2a at
120C. At the same tinme that the injection of a predeterm ned quantity of

t he ol di nginegguantityt 6 the\télding ream ko §9ﬂ%| el comisletdce #ie steaht B channel s
6 was di scharged, and cooling water at 25C was supplied to flow channels 6

to cool tHrwohdmeld\btveis disehargednandookiny watdrig@5°Covasdupplisdiet P was

renoved fromthe nold assenbly. An obser- vation of the surface of nol ded

producd P flowlcleariresds 6haicoobthel mekist i Aftar thel desin twas $dlidifiezs; inmoldes peogposed on
the surface, and nol ded product P had a very good, 20 glossy surface.

| nvent i ve Ut &whs reémbised froththesmot aggembbly udn His imventiverExangpléxaopl e 1, the
samre nolding resin referred to above (gl ass-fiber-reinforced pol ycarbonate)
as in | n- glasd fiber deideditbdhé resiniwds éxposed on theogiafaden andendldechpodduct
supercritical fluid in 25 troduced thereinto was injected into cavity 3 in
the nol d d3bedia very goodugiosgy strface.nol ded product P having a thickness of 3
mm a width of 210 mm and a |ength of 290 nm When the nolding resin was

i nj ected, |Byentivedexammplgsd ied - 14 to flow channels 6 in the nold assenbly

to keeé) the tenperature of inner cavity . . .
1 In the present example, glass-fiber reinforced polyamide

(MC1011G-30: trade name) manufactured by Toray Industries Inc. containing
30 % of glass fiber was used as the molding resin. The base resin (polyamide)
of the molding resin has a heat distortion temperature of 115°C.
Using the same apparatus as in inventive Example 1, the above

15 molding resin with 1.0 % of carbon dioxide in the form of a supercritical fluid in-
troduced thereinto was injected into cavity 3 in the mold assembly, producing
flat molded product P having a thickness of 3 mm, a width of 210 mm, and a
length of 290 mm. When the molding resin was injected, steam was supplied
to flow channels 6 in the mold assembly to keep the temperature of inner cavity

20 surfaces 1a, 2a at 120°C. At the same time that the injection of a predeter-
mined quantity of the molding resin into cavity 3 was completed, the steam in
flow channels 6 was discharged, and cooling water at 25°C was supplied to
flow channels 6 to cool the molds. After the resin was solidified, molded prod-
uct P was removed from the mold assembly. In this Inventive Example, no

25 glass fiber added to the resin was exposed on the surface, and molded product
P had a very good, glossy surface.

Inventive Example 4
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surfaces 1 a, 2a at 120C. At the sane tinme that the injection of a predeter-
m ned quantity of the nolding resin into cavity 3 was conpl eted, the steam
in flow channels 6 was di scharged, and cooling water at 25C was supplied to
5 flow channels 6 to cool the nolds. After the resin was solidified, nolded
prod- uct P was renoved fromthe nold assenbly. In this Inventive Exanple,
no glass fiber added to the resin was exposed on the surface, and nol ded
product P had a very good, glossy surface. Inventive Exanple 3 10 In the
present exanpl e, gl agg;{d Har | l ) : ade nane)
manuf act ured by Tora§’§ rrf tﬁmgtsra{ngésBpﬁ(é:r.%‘ﬁgsoﬁ?érl}’ﬁﬂ?gﬁv%%%&&%fg(gs?ﬁger was
used as t ' | 1Averlti® ERSRpleS (HlasRAb¥rRMIARIcedpolyfmid®) 4l ng resin
has a hea?ﬁ%a@b?re'??'oénéatﬁ‘e'ﬁ%%ri}{éure oPreﬁ&%.aéﬁsP%gfgt he sané gppar tus as in

I nventive i#ﬁﬂf&#ﬁe Examﬁe aheue0.31% %fgiiﬁ?% gﬁtﬂerfo%td? alsubereticat AN

dioxide in the tormof 'a supercriti I n- troduced therelnto was

i nj ected iifkQcdd thiérentorwad mjetRed it TATR) 3.in M@ Hisld BSsernbRf Pmmebgpr oduct
P having a thickness of 3 mm "a wdth of 210 mm and a Ilength of 290 mm

Wen tshe q@k folded ﬁid&ct"ﬁ%dvﬁﬂ%ﬁ‘tlﬂdknéése@‘m Wie, & Widthi f@10tind, | £hannel s 6
in the nold assenbly to keep the tenperature of inner cavity 20 surfaces 1

a, 2a at lé’ﬂfthoNzgt)hﬁmsaNhehitngnﬁdlauhgtrbginiw?wmjéaad,oéteanpwad@t@pﬁedﬁ ned
gquantity of the nolding resin into cavity 3 was conpl eted, the steamin

f I ow channelflewcchammets 6 irhthegadid asséndlsiphto kgepdite teraper@Birevafinsenaavityd t o
fl ow channels 6 to cool the nolds. After the resin was solidified, nolded

prod- uct shrfages apaat 120 Ab¢thershmiedisse thatthe injectiorsof apesddtere Exanpl e,
no 25 glass fiber added to the resin was exposed on the surface, and nol ded
product Pninad quantityyofdhe anoldingseginsintd cavity 3 wasraompletedathe steam in
10  flow channels 6 was discharged, and cooling water at 25°C was supplied to

flow channels 6 to cool the molds. After the resin was solidified, molded prod-

uct P was removed from the mold assembly. In this Inventive Example, no

glass fiber added to the resin was exposed on the surface, and molded product

P had a very good, glossy surface.

15 Inventive Example 5

Using the same apparatus as in Inventive Example 1, the same

molding resin (glass-fiber-reinforced polycarbonate) as in Inventive Example 1
with 1.0 % of carbon dioxide in the form of a supercritical fluid introduced there-
into was injected into cavity 3 in the mold assembly, producing flat molded

20 product P having a thickness of 3 mm, a width of 210 mm, and a length of 290
mm. When the molding resin was injected, steam was supplied to flow chan-
nels 6 in the mold assembly to keep the temperature of inner cavity surfaces
1a, 2a at 120°C. Three seconds after the injection of a predetermined quantity
of the molding resin into cavity 3 was completed, the steam in flow channels 6

25  was discharged, and cooling water at 25°C was supplied to flow channels 6 to
cool the molds. After the resin was solidified, molded product P was removed

from the mold assembly. In this Inventive Example, no glass fiber added to the
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- 15 Using the same apparatus as in Inventive Exanple 1, the same nol ding
resin as in Inventive Exanple 2 (glass-fiber-reinforced polyamde) as in

| nventive Exanple 2 with 0.3 % of nitrogen in the formof a supercritical
fluid introduced thereinto was injected into cavity 3 in the nold assenbly,
producing 5 flat nolded product P having a thickness of 3 nm a width of 210
mm and a length of 290 mm When the nolding resin was injected, steam was
supplied to flow channels 6 in the nold assenbly to keep the tenperature of
i nner  cavirggin way éxgiRed britheZurftice 18R malied PRodi P fhad'e Veipigobe 1 nj ection
of a predeter- mned quantity of the molding resin into cavify 3 was

conpl et edgk;gg? stkfagg@) in 10 fl ow channel s 6 was di scharged, and cooling water
at 25C was supplied to flow channels 6 to cool the nolds. After the resin
was sol i digdragarafivé Exenipl@d- uct P was renoved fromthe nold assenbly. In
this Inventive Exanple, no glass fiber added to the resin was exposed on
the surface, and nol Ugthgothedarhe appaatusias @1 ihveatide Exaawsy 1sthid same 15

I nventive Exanple 5 Using the sanme apparatus as in Inventive Exanple 1, the
sane Snol aneidingaesin (gidsssfibdrirbmforced potycadsbraiéyasiirbimwentiye Exampléivent i ve
Example 1 with 1.0 % of carbon dioxide in the formof a supercritical fluid
i nt r oducedvittht0e% of carbomediokidiedn kel farm of & supéncrificalfluid ntradutedtberssl| vy,
produci ng flat nol ded 20 product P having a thickness of 3 mm a w dth of
210 nm arntoawaingdtedint@ gavityrgin tveemolchasserhblyngraducing adlat mglded ed, st eam
was supplied to flow chan- nels 6 in the nold assenbly to keep the

t enper at upsoddctinawing a thickness of Bames alwidth 26240 mmpand eriesgthsefc2MYs after
the injection of a predetermned quantity of the nolding resin into cavity
3 was conp@: dtrom the tirpe atwhichr thevineldinghigsin was injegles, gpalinthwgérr atand

cooling water at 25C was supplied to flow channels 6 to .
100 25°C was supplied to flow channels 6 to continuously cool inner cavity surfaces

1a, 2a. After the injection of a predetermined quantity of the molding resin was

completed and the resin was solidified, the molded product was removed from

the mold assembly. In this Comparative Example, the glass fiber added to the

resin was exposed on the surface of the molded product, and the molded prod-
15  uct had a poor appearance.

Comparative Example 2

Using the same apparatus as in Inventive Example 1, the same
molding resin (glass-fiber-reinforced polycarbonate) as in Inventive Example 1
with 1.0 % of carbon dioxide in the form of a supercritical fluid introduced there-
20 into was injected into cavity 3 in the mold assembly, producing a flat molded
product having a thickness of 3 mm, a width of 210 mm, and a length of 290
mm. When the molding resin was injected, steam was supplied to flow chan-
nels 6 in the mold assembly to keep the temperature of inner cavity surfaces
1a, 2a at 120°C. Ten seconds after the injection of a predetermined quantity of
25  the molding resin into cavity 3 was completed, the steam in flow channels 6
was discharged, and cooling water at 25°C was supplied to flow channels 6 to

cool the molds. After the resin was solidified, the molded product was removed
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cool the nolds. After the resin was solidified, nolded product P was renoved
fromthe nold assenbly. In this Inventive Exanple, no glass fiber added to
the - 16 resin was exposed on the surface, and nol ded product P had a very
good, glossy surface. Conparative Exanple 1 Using the sanme apparatus as in
I nventive Exanple 1, the sane 5 nolding resin (glass-fiber-reinforced

pol ycarbonate) as in Inventive Exanple 1 with 1.0 % of carbon dioxide in
the formof a supercritical fluid introduced there- into was injected into

cavity 3 ifiynh fife MRIdlasSaRBR! Yn this Thpaatide Ex@mp®) siedlasBiérabdeardng a
thickness of 3 mnfm a wdth of 210 nm and a length of 7290 mm Fromthe tine

at whi ch the régm dastexpdsed ofethel surfacted the ARldew preduet, Mt tHE nitidedvas
supplied to flow channels 6 to continuously cool inner cavity surfaces 1 a,

2a. After prégudtihaeicd foughodurtader dustetoethroker delisiantinencefwddmot@lgdodg resin was
conpleted and the resin was solidified, the nolded product was renoved from

the nold qpedudtl y. In this Conparative Exanple, the glass fiber added to the
resin was exposed on the surface of the nolded product, and the nol ded prod-
15 ucts had a poor appecorapassorCoeipaent inventiveaBxdrapesUsthrgugihé asahe appar at us
as in Inventive Exanple 1, the sane nolding resin (glass-fiber-reinforced
pol ycar borGaraparative fexampies iy 2 showsithat productshwith @epp gdodt suriace apoxi de in
the formof a supercritical fluid introduced there 20 into was injected into
cavity 3 ipearamrcesutan be obtaingd by keepingrioner davity sulages 1apRadliattemavi ng a
thickness of 3 mm a width of 210 mm and a length of 290 mm Wen the
mol di ng r gsratui@bigher tharethe heal distagiondeppieraigre of theowsimwhente@s 6 in t he
mol d assenbly to keep the tenperature of inner cavity surfaces .
) molding resin mixed with the supercritical fluid was injected, and cooling inner
10 cavity surfaces 1a, 2a at the same time as or immediately after the injection of
a predetermined quantity of the molding resin into cavity 3 is completed. How-
ever, the surface appearance of the molded product may possibly become poor
unless the time lag that occurs from the completion of the injection of a prede-
termined quantity of the molding resin into cavity 3 to the cooling of inner cavity
15  surfaces 1a, 2a is less than 10 seconds (about several seconds).
According to the present invention, when the molding resin
mixed with the supercritical fluid is injected, inner cavity surfaces 1a, 2a are
kept at a temperature higher than the heat distortion temperature of the resin.
The heat distortion temperature referred to above is the heat distortion tem-
20 perature of the base resin of the molding resin, and has a value determined by
the measuring process described in D648 of ASTM (The American Society for
Testing and Materials). As with the Inventive Examples and Comparative Ex-
amples described above, resins mixed with various reinforcing materials such
as glass fiber or carbon fiber may be employed as the molding resin. The heat
25  distortion temperature of the entire resin including those reinforcing materials is
higher than the heat distortion temperature of the base resin (polycarbonate or

polyamide in the above examples) alone. Particularly, the heat distortion tem-
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1 a, 2a at 120C. Ten seconds after the injection of a predeterm ned quantity
of 25 the nolding resin into cavity 3 was conpleted, the steamin flow
channels 6 was discharged, and cooling water at 25C was supplied to fl ow
channels 6 to cool the nolds. After the resin was solidified, the nolded
product was renoved - 17 fromthe nold assenbly. In this Conparative
Exanpl e, no glass fiber added to the resin was exposed on the surface of

t he nol ded product, but the nolded product had a rough surface due to

br oken cel Rk t ween
de?gl?g? g?@?@ﬁgm%ré%ﬂ{s &dﬂpé@cg%@gﬁg@lﬂ%yl A nrgﬁgﬁlﬁé'vﬂﬂeh e

I nventive "Ex rough 5 and es 1, 2 shows that
products Velide MERIOrIAG thatBAAISGE caRsidORBIARIGAST fth the Hedt disiedioRteleepi ng

inner cavity surfaces la, 2a at a tem perature higher than the heat

di st orti orperafipe opthe Basy rdsite Aesoraing®nthkliresemlifiéittiore AoWeVeX&hot th t he
supercritical fluid was injected, and cooling inner 10 cavity surfaces 1 a,

2a at the theBRskirssinas held inToiesH edritht with finer ltavitpsefhtes18f2a B have
predeterm ned quantity of the nolding resin into cavity 3 is conpleted. How

ever, 9 he thgishape thereehnel trangfertdibtherdtdddr acliduing good prodactappesrcone poor
unless the time lag that occurs fromthe conpletion of the injection of a

prede- terancesdit (giaffiédtivie totkeepdnmex clivity suefates af 8a @t al tephperataré bqualool | ng
of inner cavity 15 surfaces 1 a, 2a is less than 10 seconds (about several
seconds) . taax higherdhamw théhbealrdistertion tengaratune ofttes bade resih siheg thesi n i xed
with the supercritical fluid is injected, inner cavity surfaces 1 a, 2a are
kept at a reewmgsinjected, nregpectiveinof whetheraeinfioreing materialeareusaedioenot. t he
resin. The heat distortion tenperature referred to above is the heat
distortion tem 20 pelibile preferred emindiments of the pregsentdn@ntipnrhayien, and has a
val ue determned b t he neasuring process described in D648 of ASTM (The
Arer ilan dranedgsariped using specific terms, such description is for illustrative pur-

poses only, and it is to be understood that changes and variations may be

made without departing from the spirit or scope of the following claims.
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Testing and Materials). As with the Inventive Exanples and Conparative Ex-
anpl es descri bed above, resins mxed with various reinforcing materials such
as glass fiber or carbon fiber may be enployed as the nolding resin. The
heat 25 distortion tenperature of the entire resin including those
reinforcing materials is higher than the heat distortion tenperature of the
base resin (polycarbonate or polyamde in the above exanpl es) al one.
Particularly, the heat distortion tem 18 perature of crystalline resins
such as icfn{edison) or the like which in- clude reinforcing materials
s consi§g$%§gyﬁﬁlghe$'than the heat distortion tem perature of the base
resin. According to the present invention, however, since the base resinis
held in close contact with inner cavity surfaces 1 a, 2a to have 5 the shape
t hereof well transf.erreA méghod of manufacbidng aonghied produet bf &pgmed - ances,

it is effective to keep inner cavity surfaces 1 a, 2a at a tenperature equal
to or hi gésim in hanoldyeohymisidg shestepsoft enperat ure of the base resin when the
resinis injected, irrespectively of whether reinforcing materials are used
or not. Wile prefpiovédingrsbappasatus ast claime@dbelas¥: i nvention have 10 been
descri bed using specific terns, such desgription is for iIIusi ative pur-

poses only, and i tmiogutpglqget r{@m%taﬂe PhaR 1BRENYE C&'Rif%]&rmﬁ_ ons may be
rade (oLt depar L0, b R PR SRS Pl b e AR . 10
5L PR i PR 0 B, S Ao PR AR5t f 0
cont rol | gddig 16 hPPerftard hBGvERM R i8R0k BmbbAMA GIR rekth;
injecting a molten foamed resin into the mold while keeping a
surface of the mold at a temperature equal to or higher than a heat distortion
temperature of the resin;
controlling the flow of cooling medium into the flow channel in
the mold to cool an inner surface of the mold, thereby causing the foamed resin

to harden.

2. A method as claimed in claim 1, in cluding the steps of
generating a filling signal when a predetermined amount of foamed resin has
been injected into the mould; and

controlling the flow of cooling medium into the flow channel in
the mold in response to the generated signal to cool an inner surface of the

mold, thereby causing the foamed resin to harden

3. A method as claimed in claim 1, wherein the flow of cooling
medium to the flow channel is halted in response to the monitored temperature

of the inner surface.
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the nold in response to the nonitored tenperature, to heat an inner surface
of the nold to a tenperature above the heat distortion tenperature of the
resin; injecting a nolten foaned resin into the nold while keeping a

surface of the nold at a tenperature equal to or higher than a heat
distortion tenperature of the resin; controlling the flow of cooling nmedi um
into the flow channel in the nold to cool an inner surface of the nold,

t hereby causing the foanmed resin to harden. 2. A nethod as clainmed in claim
1, in cluding the steps of generating a filling signal when a predeterm ned
amount of foaned resin has been injected into the nmould; and controlling
the flow of cooling Aafetiod adcordite fol clwing HamiRdreinsaid HHliap! S(il%lilaﬂ jsesponse to
the generated signal to cool an inner surface of the nold, thereby causing
t he foangdneratédwhilelthe deoldSis beingtiited ws witharesirg sonthat saich tholdviser ei n t he
flow of cooling nediumto the flow channel is halted in response to the

moni t or edooledsabatantiallyofs thieesamentimestinat theefillimgpofisaid metdwidtheacor ding to
claim1l1, wherein said filling signal is enerated while the nold is being

filled upredetermiasdfuandity pithe sgsin sprempietedool ed substantially as the sane
time that the filling of said nold with a predetermned quantity of the
resin is conpleted. 5. A nethod according to claim1l, wherein said filling

mod T's cooled af torA Trhod o ocelpim o e el HEAE SBRRIES quant i ty
of the 1 g5} ty-hn SRIPAER1a AAIBELY ik 134 36 TnhARA nR1d 0% obF Bs 27 tS

f oam ng.
the filling of said mold with a predetermined quantity of the resin is completed

and before a surface layer of the resin starts foaming.

6. A method according to claim 1, wherein said mold is heated
and/or cooled by supplying the heating medium and/or the cooling medium to a

common flow channel through said mold.

7. A method according to claim 5, wherein steam is supplied as
said heating medium to said flow channel in order to heat the inner surface of

the mold.

8. A method according to claim 6, wherein water is supplied as the

cooling medium to said flow channel to cool said mold.

9. A method according to claim 1, wherein said resin is made
foamable by a supercritical fluid introduced thereinto, and is injected in a
molten state into said mold.

10. A method according to claim 1, including the steps of
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6. A method according to claim1, wherein said nold is heated and/or cooled
by suppl ying the heating nedi um and/or the cooling mediumto a comon fl ow
channel through said nold. 7. A nethod according to claim5, wherein steam
is supplied as said heating nediumto said flow channel in order to heat
the inner surface of the nold. 8. A nethod according to claim®6, wherein
water is supplied as the cooling nmediumto said flow channel to cool said
nold. 9. A nethod according to claim1l, wherein said resin is mde foamable

by a supercritical s \ 1,Se I i nol ten
state into said m?lghwfgldg}hﬁgtemg%%gPglﬂ%ﬁltngﬁgﬁga% f?tﬁﬁ?:llﬁ‘(ﬂgi’nr%ﬂt he steps

of ~-21 nonitori nginljé@iﬁgagaiarrééiwiﬁt@Eaiﬁhﬁoldﬁﬁﬁfes?@hééﬁetﬁa‘nidﬁ@tdﬂ@dd , and
injecting said resih into said nold in response 1o the nonitored tenperature

when t hetempératiredvhemies atonitored tépemsnfeastthef surfieenaf theirmoldist ect ed as

bei ng equal to or higher than said heat distortion tenperature of the

resin. 1deteatetcashbeingoapaditogr hoghdrahan saiddneat efistostadn teraperaturecoinhes a
base resin and a reinforcing material added thereto, and said heat

di storti &Nt enperature is a heat distortion tenperature of said base resin
exclusive of said reinforcing material. 12. An apparatus for manufacturing
a nol ded product of foaned resin by injecting a nolten resin into a nold
and foamng the resin in the nold, conprising: an injection nolding nachi ne
for injecting a nolten foanmable resin

11. A method according to claim 1, wherein said resin includes a
base resin and a reinforcing material added thereto, and said heat distortion
temperature is a heat distortion temperature of said base resin exclusive of said

reinforcing material.

12. An apparatus for manufacturing a molded product of foamed
resin by injecting a molten resin into a mold and foaming the resin in the mold,
comprising;:

an injection molding machine for injecting a molten foamable resin
into a mold;

a mold including at least one inner surface having a shape
complementary to the shape of the product to be molded;

mold surface temperature control means including

monitoring means for monitoring the surface temperature of
at least an inner surface of the mold;

at least one flow channel associated with the mold;

a heating medium supply for supplying a heating medium to
said flow channel in order to heat at least an inner surface of
the mold;

a cooling medium supply for supplying a cooling medium to
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into a nold; a nold including at | east one inner surface having a shape
conplenentary to the shape of the product to be nol ded; nold surface
tenperature control mneans including nonitoring nmeans for nonitoring the
surface tenperature of at least an inner surface of the nold; at |east one
fl ow channel associated with the nold; a heating nmedium supply for supplying
a heating nediumto said flow channel in order to heat at |east an inner
surface of the nold; a cooling medium supply for supplying a cooling nedium

to -22 said flow Cha”@ﬁid fl6wPERIne] $n GP®r t@tcdd?%%‘lea%'ﬂ ahARér SUFAGCSS Of
said nold; and a controller for controlling the flow of the cooling nmedium

and/ or heatl ng nedi um isaid erd@Pseed to the nmonitored inner surface
tenperature of the nold. 13. An apparatus as clainmed in claim12, wherein
the injection noldi nganeatitoléeri for captrbllingthegfioer af thegeaolinig inedglml gnal
when a predetermined anount of resin has been injected into said nold. 14.
An apparatus as cl ai rredmdr‘ordneatmglm,edmrla|rﬁqumed0rthem¢mﬁoredsmnapab| e of
controlling the flow of the coolin m and/ or heating medium in
response to the gener atSHBIaCE (tEMPGr f emmoln appar at us according to
claim12, wherein the controller i ncI udes a val ve di sposed between said
heati ng nmedi um supply and said cooling nediumsupply, and said flow

channel, for dir ecfé.ngnta?)%apa A8 L TR ceialmqﬁ wherein the injection

molding machine is capable of generating a filling signal when a predetermined

amount of resin has been injected into said mold.

14.  An apparatus as claimed in claim 13, wherein the controller
is capable of controlling the flow of the cooling medium and/or heating medium

in response to the generated filling signal.

15. An apparatus according to claim 12, wherein the controller
includes a valve disposed between said heating medium supply and said cooling
medium supply, and said flow channel, for directing the heating medium and/or

cooling medium to said flow channel to heat and/or cool said mold respectively.

16. An apparatus according to claim 12, wherein said injection
molding machine has a resin supply for supplying the resin and a foaming agent
supply for supplying a supercritical fluid, and injects the resin in a molten state
while said resin is made foamable by the supercritical fluid supplied from said

foaming agent supply.

17. An apparatus according to claim 12, wherein said injection

molding machine is automatically directed to start injecting said resin into said
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cooling nediumto said flow channel to heat and/or cool said nold
respectively. 16. An apparatus according to claim 12, wherein said injection
nol di ng machi ne has a resin supply for supplying the resin and a foan ng
agent supply for supplying a supercritical fluid, and injects the resin in
a nolten state while said resin is made foamable by the supercritical fluid
supplied fromsaid foam ng agent supply. 17. An apparatus according to
claim12, wherein said injection nolding machine is automatically directed

to startpjgM SedtheSRhiberfird of The irfiir$urfaéd oTthe mbIANsidifedtedns bRiny e of
the inner surface of the nold is detected as being equal to or higher than

sai d heagquilgb@rtHighert thapeyaid heat distdriientemiperathe of\thépdai.at us according to
claim 12, wherein operationally said injection nolding nachine generates a
signal when a predeterm ned ambunt of foamed resin has been injected into
the nmold, causing the controller to direct the flow of cooling nmediumto
the inner surface bS. Ah@ppatatys abeording taakimgl 2,heheneth pparatimnahlyt said
solidify, ,-24

yinjection molding machine generates a signal when a predetermined amount of

foamed resin has been injected into the mold, causing the controller to direct the
flow of cooling medium to the inner surface of the mold, thereby causing the

molten resin to solidify.
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