OF MANUFACTURI NG MOLDED PRODUCT OF FOAMED RESI N AND APPARATUS FOR
NELDING 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_be shaped con- siderably freely to various configurations.
Ther ef or e, MBITHQD Qo MANUFACTURING LBE REJWGTL@EEOANED\HESINange of
fields and are available in a ver Iar vari et roduct shapes. Many
nol ded products of SYNPHARPARAILISF @HDkNQEF ME BESN portions such
as bosses, ribs, etc. Wen such nDIded products are produced, those convex
portions tend to suffer defects. Specifically, con- vex portions that are
formed when recesses in npld cavities are fi resin are liable
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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, moided 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-



of the resin used is reduced due to air bubbles included in the product.
Accord ing to the foami 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
di scl osed processes, fine cells are forned to produce a foanmed resin
product having a smaller cell size and a high cell den- sity. According to
an i nj ect i g tedheifoamingpressssashdisclasediin daparesienpatent Noj 2625676 (first a nol d,
since the nold has generally been cooled in advance, 10 the injected resin
i s qui ckl yPUGbalébalﬁdaBaﬂleSﬁ Inid=adpem patent publicatioorNo 277298480 (seconde shape
of the nmold may not be sufficiently transferred to the resin, and the
resul ting PruaR): nesshamicdl faaping agenidausadcbula agpersritiealdtid issiotro- as a
weld nmark on the surface of the nolded product. As a solution to the

pr obl em of dueed inta presinanskdigsslved 4) theneasin, infier wiiehthe esinsisdnjectatksses of
keeping a 15 nold at. a high tenperature. For exanple, Japanese | ai d-open
pat ent ° pubinte & melds Aegerding 2o thessodisclored Prenessesdiing celissaredosved o
arrangenent for anp %3§£Ethod of introducing a heating nediuminto a fl ow
channel dePrasige;sfoamad,fesin prdysk havieg &semaller cellgize apd achigh celldend when
the nold is, filled with a nolten resin, and thereafter introducing a

cool i ng me8im i nto the flow channel for so 20 lidifying the filled resin.

Japanese |l & open pa e R S ol o ke SR s L)
heat] . Tefd WBCAE o 9601 g HE e M s TR e B b, 20
whi chy bS SHPR|ted'tddih B GRGk, RBolSe il 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



25 According to the foam ng process, described above, that is used to
prevent sink marks, if the tenperature of the surface of the nold is | ow
when the nolten resin is injected into the nold, then appearance defects
such as transfer failures D and weld mark Was shown in Fig. 1 of the
acconpanying drawings are likely to occur on the nolded product. These
defects according to the foam ng process may 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. Howev¥anstendailyies Reanthweld mapk Yaaa shewndniRig.t1 obthecacsiompanyting

appear ance defects such as transfer failures D and weld nmark W a
phenomenondeawings are likely ite gcour emtheamekiedproduct abressodefects aceandieg too
occur, as indicated by broken cell marks Vin Fig. 2 of the acconpanying
drawi ngs. Hpetoamingiprgcessieay baelimingledhyinereasingthetempearaire ithe t he
resin 10 that, is held in contact with the cavity surface of the nold

i ncreases pudageppthesmold when the moltep4asin is injected dntethe maeld, as withdheced
cells is-ryptured, prodqucin broken cells. The broken cells | eave broken
cel | mar ksﬂ{i‘dgﬂ'?’ﬁg fhe Polsth priRr arkpHEwE Ve daergh theRbone #RRIOAERES! ance
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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 pcor.
SUMMARY OF THE INVENTION
15 Itis therefdre 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 tenﬁperature equat to or

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



manuf acturing a nol ded product of foamed resin by injecting a nolten resin
into a nold and foamed 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
mold is cooled to cool and solidify the resin inmmedi ately after the filling
of the nold with a prede- term ned quantity of the resin is conpleted.
According to the above nethod, before cells in the resin grow into a |arge
size, the tenperature of the surface of the nold is lowered to cool 5 and
sol i di fy t Geokand solidifyithe resiniimmegiatelyafterdbe filling afthe neoldwith a predeef or e,
the growth of cells in a surface |ayer of the resin near the surface of the
nmol d is staipiieed guantiyf theresin isicampletad.essential |y foanmed in the surface
layer. In an inner layer of the resin renote fromthe surface of the nold,
cells grow due to thAceergingitotbgabsveimetheg) before eglisin thedesinegrossin i s
foamed as wiith a usual 10 foam ng process. Wen the resin is injected, the

surface of A& largessize, hejemperatireg ehthersuriace af diamald islowargdde ceabin t he

heat distorti,on._t, erature of the resijn. Therefore, the nolten resin that
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10  foaming 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. i 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



product is prevented fromsuffering broken cells on the surface and has a
good 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 nediumto the flow channels to cool the nold.
Preferably, the nold is alternately heated and cooled by alternately
suppl ying a _heating nmediumand a cooling nediumto a conmmon fl ow channel
teicoakihe ,m&
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signal froman injection no chi ne Inje the resin Pnto the

mol d,  t heguparictiidal Miid fsQfidttios to Bradduceditld AIsGA thélFagit) ahRRstiR@shbY be
performed. If the resin includes a base resin and a reinforcing materi al
10 cell size and increase the cell density, 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



20 added thereto, then the heat distortion tenperature 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 nmold is heated to a tenperature equal to or higher than the heat

di stortion 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 the nolded product is produced by the foam ng process, it
is free of de- fects such as sink marks, has good di mensi onal accuracy, and
is light ianddowin castd Fusthermordhe rmlﬂe%@rm@ hasi® ¢alisdadhesudaee has no
cells in the surface |ayer %nd has a good surface appearance because the
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t he nol d; Ehﬁnﬁahis a cross-sectional view, partly in block form an
appar a-

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 that is produced by the method of manufacturing a molded product of foamed
resin according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



tus f.or manufacturing a nol ded product of foanmed resin according to the
pre- sent invention; Fig. 4 is a graph show ng the tenperature, as it
varies with tinme, 20 of the surface of a nold that is used in a method of
manuf acturi ng a nol ded product of foaned resin according to the present
invention; Fig. 5is a flowhart of the nethod of manufacturing a nol ded
product of foanmed resin according to the present invention; and Fig. 6 is a
perspective view of a nolded product of foamed resin 25 that is produced
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the nold assenbly construct nova
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Cavity 3 has a shape conplenentary to the shape of a 5| red pro uct and

i s def i nedasserbiyonsirvctediof fixetmeiEs! dnd ma@ablefloltsR g clo8BaSsaityS Ishat are
aligned with respective convex 10 portions (two convex portions in Fig. 3)

such as bosmsated betweendiixédwold kandméveble awsid 26 Cavitydd hhs aFshee ol d 1 and
novable nmold 2 have a plurality of flow channels 6 defined therein near

i nner cavi complenientary tb the shapetdd i demiredgstodott, andid gefinedby dravdrigay- medi um
supply 8 are connected to fl ow channels 6 re-
ity surfaces 1a, 2a including recesses 5 that are aligned with respective convex
10  portions {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 moid 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 fiuid dissolved therein is

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



spect.iively by valves 9 for selectively supplying a heating nedium e.g.,
steam 15 to heat inner cavity surfaces 1 a, 2a and a cooling nedium e.g.,
water, to cool inner cavity surfaces 1 a, 2a. Fixed nold 1 has gate 4
connected to injection nolding machine 10 for injecting a nolding resin
into cavity 3. Injection nolding machine 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
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produci ng cavity 3 between fixed nold 1 and nov- able nold 2.
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t hrough valve 9 into flow channels 6, heating the nold assenbly in'step Sl

shown i n Firgstep.S1 $hewh eTBRY. &t Uf & temparitures8nsdh (nat)shderg deteotb eheri he
tenperature of inner cavity surfaces 1 a, 2a becomes higher than the tem 10

per at ur e athedemperatuee obirtiengavits sarfacestat2albstamés higher thlean tHehenkeat
distortion tenperature, in step S2, then injection nolding machi ne 10
i nj ect8 t hperadgierat which the molding resin is heat distortion, i.e., the heat distortion
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 $8. 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



m xed with the supercritical fluid through gate 4 into cavity 3 in step S3.
If the resin mxed with the supercritical fluid has been injected in a
predeterm ned quantity into cavity 3 including recesses 5 and has filled
cavity 15 3 in step S4, then injection nolding machine 10 i ssues a signal
representing that the injection of the predeterm ned quantity of the resin
mxed wth the supercritical fluid is conpleted in step S5. Wen the
signal frominjection nolding machine 10 is detected by a controller (not
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supply 8, w®ilFbéd Bestribbedbbalbiwist rated tenperature sensor, and sends signals
to and receives signals from these conmponents to control them Reasons why
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10 cavity 3, it is released from the pressure which it has been subjected to, and
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 celis which
are positioned near inner cavity surfaces 1a, 2a would 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 molded 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-



10 cavity 3, it is released fromthe pressure which it has been subjected
to, and the supercritical fluid dissolved in the resinis foaned into fine
cells. The cells growinto larger sizes in the resin. |If the tenperature
of inner cavity surfaces 1 a, 2a were higher than the heat distortion
tenperature, then those cells which are positioned near inner cavity
surfaces | a, 2a would grow into |large sizes 15 and woul d be broken by
contact with inner cavity surfaces 1 a, 2a, naking the appearance of the
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qui ckly cooled. Therefore e resi I's positioned renotely

i nner cavi jnjedted,f ARES innef cadity SSrfacy R4l Zhsal%sh@dte@b 'the heafifg Phedilm cal
fluid. The injected resin is thus pressed firmy agalnst I nner cavity

surfaces (st@ampflowirdcthrélgh flow thaaneks; defécts sach Bstrangfermallgted apkdoduct is
free of de 5 fects such as sink nmarks and has good di nensional accuracy. As

cel | siar e weld markieare/preentedfeomeasdcarrind)cAccmding tofthé ipeeserd invamtied, i s
relatively small. The
therefore, the resin is foamed only in its inner layer P1, and surface 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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mol ded product is thus light in weight and lowin cost. Wile the resinis
being injected, since inner cavity surfaces | a, 2a are heated by the
heati ng medi um (steam) flow ng through flow channels 6, defects such as
transfer failures and 10 weld nmarks are prevented from occurring. According
to the present invention, therefore, the resinis foanmed only in its inner
| ayer P1, and surface layer P2 has alnost no cells and serves as a snooth
fine skin layer. As a result, nolded product P has a very neat appearance.
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6. That is, t enper at enperature
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because of the pressure of eam The tortion tenperature has

a val ue whaftdy defvity W ITHBY with thaemb&e rédin, uh@. rfe%‘é’s@a@%q%@éﬂy Wit pear i es

fromresin to resin. The tenperature of the nolds e set to a

t enper at urtwesLthle hqatlnP rhedibaT and e toslinganbdiling! Sincelthedating #hédiufes of
various resins by finely adjusting the steampressure with respect to the
t enpet@t uref steamr tuenssintewaterdvisere eomgeresedl, ifavater is supplied as the cooling
medium, then there is not much trouble involved in switching between the heat-
ing medium and the cocling 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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5 The cooling nedium for cooling the nolds should nost prefera- bly be
water in view of its conbination with steamas the heating medium Ac-
cording to the present invention, in order to start cooling the nolds

i medi ately after cavity 3 is filled with the nolten resin, it is
necessary to quickly switch be- tween the heating nmedi umand the cooling
medi um Since the heating nmedium 10 of steamturns into water when
condensed, N water is supplied as the cooling nedium then there is not
much trouble involved in smﬁtchin? bet ween the heat- ing nmedium and the

cool i ng nediolten resin is heought irdo cantant Witk ipnerecavily ssufages eh@acths fest) medi um
Above all, common fl|low channels 6 can be used by the heating nmedi um of
st eam and ferRd%ihe hgldalduch atempgrature syhighkeeps ie restnsaltenaediRippl y of
the heating nmedi um of steamto the supply of the cooling nmedium _of water
to common dllywthensiane ef ipney eavity sistaces) 1, 23 tgbeckansfensd te the msinis
w t hout the heating mediumbeing left in flow channels 6. At the tine the
mol ten resY@MiQus anglysesthat H@Me@%@mma@e indicaie that the tamperaite okiNABE t he
AL B e 2R 5 B ool DR S BEBl a8, e 0%
Ferper at urlBMRerAE SOER PPeR N 168D SoTCeront o navehg ShepRal AT heat
woul d be. TR UkiRsds e, aAAp 68 T ieREd VEIUPE Bfacet 1 5. 2n the 25
shape, of 1 aner oVl il fohidtalgB o e B Sfated Lo AEWeIY iR, 1,
PO BT O SR M et AL B g SERD AR A L
S\EY'CLY?(Z g[)tfsh%t it rceegcln‘ gﬁ%ggc{'&%% gﬁ@}d&tt.oﬁﬁécbﬁehﬁn%dﬁ% GonbidRredtbé €TPer ature
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. Results 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
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all ow the shape of inner cavity surfaces 1 a, 2a to be transferred to the
resin. Various anal yses that have been made indicate that the tenperature
of inner 5 cavity surfaces 1 a, 2a should be equal to or higher than the
heat distortion tenperature so as to keep the resin soft enough to have
the shape of inner cavity surfaces 1 a, 2a to be transferred well to the
resin. |If the tenperature of inner cavity surfaces | a, 2a were too high
however, a phenonenon of cell breaking occurs, making a poor appearance of
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able to co e resin to a tenperature a I C foam ng occurs,
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and anal yses carried out by the present applicant 'have reveal e at the

t enper at ur theofesin) MERerefore! theStithingeswitch: froth th8 Qupflyut the hahtin@ niy- 20
hi gher than the heat distortion tenperature and equal to or |ower than the

heat di st ditim ohstearPR thielupply E_Dthé%foﬁﬁ? médiugesiovater i Gimpdrtangeor ding to
the present invention, at the |inme the Tilling of cavity 3 with the resin

i's conpl et and tl‘nmsw'rtchin? ishpull.prefarablylbeamadeaheirstant ihie! fillirgpof calityy8 wat er .
The conpletion of the filling of cavity 3 with the 25 resin is generally
det ect ed bwithlikee cesin iscorapleted.e Howevar,Sh andér tordischarge the heatimphdi-ng
machine 10. In response to the signal, the controller switches fromthe
suppl ¥0of diven ptsteanyframdiamchannels Srandsupply the pogling mediine obwater nedi um
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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water to cool inner cavity surfaces 1 a, 2a. If the swtching is del ayed,
the resin filled in cavity 3 starts foaning when tenperature of inner
cavity surfaces 1 a, 2ais still equal to or higher than the heat
distortion tenperature, with the result that a phenonenon of cell breaking
occurs in the layer of the resin which is 5 held in contact with inner
cavity surfaces 1 a, 2a, to inpair the surface |ayer of the resin.
Therefore, the timng to switch fromthe supply of the heating ne- di um of

steamto the supply of the cooling nmediumof water is of inportance, and
the swi t chFRQinghgirolipn rasinmith axeoslingamedism ptwatar asdis¢losed inyJapa-cavity 3

' t ed. Hovvevehg In_order to discharge the heating ne
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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 fiuid in-

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

length of 280 mm. When the molding resin was injected, steam was supplied
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npl di.ng machi ne 10, and a nol di ng apparatus having a structure capabl e of
qui ckly heating the nolten resin with a heating nmedi um of steam and quickly
cooling the nolten resin with a cooling nmedi umof water as disclosed in
Japa- nese | ai d-open patent publication No. 348041/99 was used as the
nmol di ng ap- paratus. d ass-fiber reinforced pol ycarbonate (&ZK3200: trade
nanme) nmanu- factured by Idemtsu Petrochem cal Co., LTD. containing 20 % of
glass fiber 5 was used as the nolding resin. The base resin (pol ycarbonate)
of the nolding resin has a heat distortion tenperature of 750C. Using the
appar at us ¥eHew ichaanels 88 the meoleassembly tskeen thedemperatuse abinner cavity

(glass-fiber-reinforced polycarbonate) with 1.0 % of carbon dioxide in the
formof a SYfRses 13,23t &jSéd #h‘?‘ﬁcﬁiﬁ'ﬁ%&l"ﬁ@ﬁémﬁ wiegdion;atjadredatarnt o cavity
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resin was ?nggﬁ A é%gﬁs&ﬂ%ﬁ'gc@pd nol ded product P had a very good, 20

gl ossy surface. Usi ng the sanme apparatus as in
I nventive EXBRWE gsame nolding resin referred to above
(gl ass-fi brr‘a‘rr% ol ycarbonate) as in In-
10 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 supercriticat 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 280 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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ventive Exanple 1 with 0.3 % of nitrogen in the formof a supercritical
fluid in 25 troduced thereinto was injected into cavity 3 in the nold
assenbly, producing flat nolded product P having a thickness of 3 nm a
width of 210 mm and a I|ength of 290 nm When the nol ding resin was
I njected, steamwas supplied to flow channels 6 in the nold assenbly to
keep the tenperature of inner cavity surfaces 1 a, 2a at 1200C. At the
same tinme that the injection of a predeter- mned quantity of the nolding
the steamin flow cha 6 _was

(i schar ged, “and cool | IGMAI0E SOME AERRIAEAL (pNPRIVE BXmPILly BRSAEE s 6 1 o0
St S s Bl B
vy v YUY SHOB M ol i AR SHARE iyl
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céi(:trglrei (i)n éenﬁ@}gﬂﬁ@é ‘gtf ?‘?Q‘B %%egﬁ@fganﬁ%?ﬁ%?ugg%ﬁh rI\ﬁvenit inv'?he
formof a E}hgg} crrti E:nell'f' m%@{%mbﬁ%@ﬁ%gé%Wﬁ%érj&%% s&ﬁ%’“%ﬁ%‘?@%@m 0
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thi ckness of 3 nm a w | ength of 290 nm When

ol di ng 1 egiirfacedS1d, BaPat F20°CS L ARV é tiRie! thafithe iRjdctien of agsreaeters 1 n the
nol d assenbly to keep the tenperature of inner cavity 20 surfaces 1 a, 2a

at 1200C. mNinddguamity of tHeemioldihg Fésin intb *2Vite 8 wés oommpisied ahe sigamdnquant ity
of the molding resininto cavity 3 was conpl eted, the steamin
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 fiow 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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f| ow.channel s 6 was di scharged, and cooling water at 250C was supplied to
fl ow 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 25 glass fiber added to the resin was exposed on the surface, and nol ded
product P had a very good, glossy surface. Inventive Exanple 4 Using the
sane apparatus as in Inventive Exanple 1, the sanme nolding resin as in

I nventive Exanple 2 (glass-fiber-reinforced polyamde) as in Inventive

it bauced L PES R GoRRe S Eaitats, AT melded Biodlet PRESA M EhEBeedtol y
pr oduci ng amf 59% h%ed product P having a thickness of 3 mm a wdth of
210 mm an g 3ﬁ§ of 290 mMm When the nolding resin was injected, steam

was suppli fi |s 6 in the nold assenbly to keep the
terrperatur\;e—ag?ﬁ@r?ﬁ!wé)yxg F surfaces 1 a, 2a at 120C. At the sane tine
that the injection ofjgnRr P! %@ ' n{’% i Lh into
cavity 3 was conpl et eg,gmphtgg?t%g‘gema%&%g" ovn\}tllcr:]kéﬂﬁpeq EQ@ sqlﬁil?%c%azﬁ%ed, and

cool i ng vwapRjidiAg résiA Pé%§rf@59?éih%¢f%déﬁ°%b§?éﬂ&§gét)’% ) Iﬁvéﬂi@%%a@?l’e jol ds.

After the resin"was solidified, no r od- was renov omthe

mol dasseniti-1.6 % bhtarboR Rty tn B! d'Supdicatical fuRFintroddedd terbe

;
resin was exposed on the surface, and nol ded product P had a very good,

gl ossy surime waslifjectatinto gvifp@irrihe rﬁo!d%s%rﬁﬁlf, prodacingRafiatmsidag | n

I nventive Exanple 1, the sane nolding resin (glass-fiber-reinforced

pol ycar bonptoguctkhaving lanthiokness oF3anmw, @ width\of 21 0Liiin Yared adevigthrof@9exi de in
the formof a supercritical fluid introduced there- into was injected into
cavity 3 i mmhéromithe sisweativkichihe dusiding resintwa injested, cooling water at

10  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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20 product P having a thickness of 3 nm a width of 210 mm and a | ength of
290 mm When the nolding resin was injected, steamwas supplied to fl ow
chan- nels 6 in the nold assenbly to keep the tenperature of inner cavity
surfaces 1 a, 2a at 1200C. Three seconds after the injection of a
predeterm ned quantity of the nolding resin into cavity 3 was conpl et ed,
the steamin flow channels 6 25 was di scharged, and cooling water at 25"C
was supplied to flow channels 6 to cool the nolds. After the resin was
solidified, nolded product P was removed fromthe nold assenbly. In this

| nvent i ve Tramrtbeanoldasgembdy.f irtthis Gooparative: Bxampls, nowglass:fipersadtashto: he
surface, and no| ded product P had a very good, glossy surface. Conparative
Exanpl e 1 1bgireginwas expeserhpatha surface phthervelded\produetaputthe moldedsane 5
nol di ng resin (glass-fiber-reinforced polycarbonate) as in |Inventive

Exanpl e 1 pmduﬁiJ had @ rough suefaee dugitebreken eelishand bensewas nobgegaad ti cal
fluid introduced there- into was injected into cavity 3 in the nold
assenbly, Bﬂ%@ﬁbing a flat nolded product having a thickness of 3 m a

width of 210 nm and | engt h of 290 Fromthe tine at [ ch . the
nol di ng resin was inj &PE’&P%"@BBIbIeﬁﬁe% raﬁenave%aEM@MEf Aed to flow

iy ect i on GPTPAREEEATPIRSG RS et PreGHEtS it egy 0097 BurBBe B! et e
o e T SbdahEas B S B B BB Tl Wy 0
v exRos il Moy AR bl PalPO T bR o 0 T 1 o,
as in | nveptidifs Ré@MMiked withthe $PErcritical fluid was injected, and cooling inner
10  cavity surfaces 1a, 2a at the same time as or inmediately 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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npl di.ng 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 20 into was injected into cavity 3 in the nold
assenbly, producing a flat nolded product having a thickness of 3 nm a
width of 210 mm and a length of 290 nm Wen the nolding resin was
injected, steamwas supplied to flow chan- nels 6 in the nold assenbly to
keep the tenperature of inner cavity surfaces 1 a, 2a at 1200C. Ten seconds
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the resin BErEtOleol thd ateiie SR DRIAIANE 16 Bl enf B AGT, HOWBIESHEE D
P oduct . 8NP OASHELIA KRR ElbSe contich §Ah iffist oy SRS 140 2B need00
Conpar gt i viheEXHpd hardot @elﬁgaﬁﬁeﬁrbatth@r@i@ﬂﬁta%hwﬁgsgﬁ)g g%mﬂ:t%b are ap-

pear ances can be obtal ned keepi ng I nner cavity es 1 a, 2a at a

tem perat ghéed) IS Fechivd' td Réep fitfer €avihPSliradbs! FATIEY At &' tépératine ddimln when

the nolding resin mxed wth the supercritical fluid was 1njected, and

cool i ng i nfeedr RighertHantheUidat aitortion temperituie 61 thalBasel réBinawhen themedi at el y
after the injection of a predeterm ned quantity of the nolding resin into

cavity 3 i eeshoigihfgoted, ildospectively, oftwttethor feifercing eniaterials e used areigded
product may possi bly becone poor unless the tine lag that occurs fromthe

conpl etion of the injWAtileprefeired embddiments of thedprmpsent inventidbn hlaee nol di ng
resin into cavity 3 to the cooling of inner cavity 15 surfaces 1 a, 2a is
| ess 1han beendesuibed usingispeoific teims; etichdigscription 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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Accor,ding to the present invention, when the nolding resin mxed with the
supercritical fluid is injected, inner cavity surfaces 1 a, 2a are kept at
a tenperature higher than the heat distortion tenperature of the resin.

The heat distortion tenperature referred to above is the heat distortion
tem 20 perature of the base resin of the nolding resin, and has a val ue
determ ned by the neasuring process described in D648 of ASTM (The
Anerican Society for Testing and Materials). As with the Inventive

Exanpl es and Conmparative Ex- anples descri bed above, resins mxed with
various reMmebiscelanethiseri als such as glass fiber or carbon fiber may be
enpl oyed as the nolding resin. The heat 25 distortion tenperature of the
entire resin including those reinforcing materials is higher than the heat

distortion tenperaturge of the base resin,(polycarhonate or ol yam de in

t he above exanpl es) a1-<ﬁ‘15‘.etg%‘i’ Pf@\ﬁ"&fq@,‘”'{gﬁ@ rﬁ@aﬁgdﬁr _Qﬁtﬂfﬁmg "B¥Pat ur e
of crystalline resins such as .pol yam de | on r the like i,ch in- clude
Cei nf orc, Yy PRdiRa.A Soren A B & BIR Angitamitia.fe ka e Al fomon «em
perat ure of .t.hetbase resin. According to the present invention, however,
since thePTREMESORSIA ol g in close contact with inner cavity surfaces 1

Good product - appear - RGNS &inSfen Wi it 3R0 Wl kpREh 3 i &Y nods 1
Cemorat ur 0eaToEE &bl <hfabla ot MOFkc iR e, diBhich fikecslite: o

of whet her | cl materials are used or not. Wiile preferred
enbodi mnt%ﬁtﬁkqéﬁé’ %ﬁgsent i nvention have 10 been described using specific

terns, such descriptigibihg s mold #543dehtesdRtty HRORRH RiMsciatey dfer! S t o

be understood that chang and vari ations may eparting

from the sieffillingdf $eid Pfold with & ptetleterthiRed Guahtiy of tha resif i€ bamphsted s

2. A method according to claim 1, wherein said mold is cooled
substantially as the same time that the filling of said mold with a predetermined

quantity of the resin is completed.

3. A method according to claim 1, wherein said mold is cooled
after the filling of said mold with a predetermined quantity of the resin is com-

pleted and before a surface layer of the resin starts foaming at latest.

_ 4. A method according to claim 1, wherein said mold is alter-
nately heated and cooled by alternately supplying a heating medium and a

cooling medium to a common flow channel defined in said mold.

5. A method according to claim 4, wherein steam is supplied as
said heating medium to said flow channe! in order to keep the surface of the
mold at the temperature equal to or higher than the heat distortion temperature

of the resin.
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1, A.nethod of manufacturing a nol ded product of foamed resin by injecting
a nolten resin into a nold and foamng the resin in the nold, com prising
the steps of: injecting a nolten resin into a nold while keeping a surface
of 5 the nold at a tenperature equal to or higher than a heat distortion
tenperature of the resin; and cooling said nold to cool and solidity the
resin immediately after the filling of said nold with a predeterm ned
gquantity of the resin is conpleted. 2. A nethod according to claiml1,

whereipn said nold is cooled substantially as the same tine that the
fiIIing of said nold wwth a predeterm ned quantity of the resin is

after the fiil iAnSEEP"@ RS04 ooRitd i Tl or WFRERIR 4k 1S o a8 T st
|'s com Pl GigRehaing Jhééuﬁﬁﬁ SUHEA thdreflo Ghol'shif g, Starts foam ng at
- | atest. ﬁ accor gtoc Y erein said nold is alter-

nately heat ed and cool ed by al ternatel y supplying a heating nedium and a
cooling nediumto a common flow channel defined in said nold. 5. A nethod

according to clai m 4,7 Wenéthod Hcesfdingtoelairh '1edih%$enn%§idjrés‘ﬂﬂé r'?nﬂdgEd' umto
said flow channel in order to keep the surfacée of nold at the

tenper at ur fpapatilé by ipércatiedl fhi@ﬁlﬂtrbﬂﬁcét?ﬁ‘feréinﬁé (Hrfd i8injeetEREihal ok of the

resin. 5 6. A nmethod accordl ng to claimb5, wherein water is suppl i ed as
t he cool i nepnnstdiclintd saiahdldi | ow channel to cool said nold. 7. A nethod
according to claim1l, wherein said resin is nade
8. A method according to claim 1, wherein the temperature of
the surface of the mold is monitored, and said resin starts to be injected into
said mold when the monitored temperature of the surface of the mold is de-
tected as being equal to or higher than said heat distortion temperature of the

5 resin.

9. A method according to claim 1, wherein the filling of said 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 said

mold.
5
10. 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.
5

11. 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:

- 21 -



f oangbl e by a supercritical fluid introduced thereinto, and is injected in
a nol- ten state into said nold. 8 A nethod according to claim1, wherein
the tenperature of the surface of the nold is nonitored, and said resin
starts to be injected into said nold when the nonitored tenperature of the
surface of the nold is de- tected as being equal to or higher than said
heat distortion tenperature of the 5 resin. 9. A nethod according to claim
1, wherein the filling of said nold wth the predeterm ned quantity of the

resin is detected as bejng conpleted by  a signal froman injection nolding
machi ne whi ch i nj ect s2R iEGHOR; Roldingmaghine fapinjectingid moltepdoamabla: cor di ng
toclaiml, wherein sgid resin includes a base resin and a reinforcing

mat er i 2l JE§EHIN,8e0l8; and sai d heat distortion tenperature is a heat
merial 5 11, An ablPMHEnNe GRS BADBMAE: a ol ded product of i oamed
sy by 11 ecting 2 SRR, i Al oSG A PR R
i . i s oo s AL BEPRSHORSHA odeh efip e
In order tgigkgPihah & HbhPEStoMion tmPratlBlorthd FIEE WHen theF85R'is iffeed
10  from said injection moiding machine into said mold; and
a cooling medium supply for supplying a cooling medium to said
flow channel in order to cool said mold.to cool and solidify the resin immedi-
ately after the filling of said mold with a predetermined quantity of the resin is
completed.
i5
12. An apparatus according to claim 11, further comprising:
a valve disposed between said heating medium supply and said
cooling medium supply, and said flow channel, for alternately supplying the
heating medium and the cooling medium to said flow channel to alternately

5 heat and coo!l said mold.

13. An apparatus according to claim 11, 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

5  said foaming agent supply.

14. An apparatus according to claim 11, wherein said injection

molding machine starts injecting said resin into said mold when the tempera-
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hi gher than a heat distortion tenperature of the resin when the resinis
injected 10 fromsaid injection nolding machine into said nold; and a

cool ing nmedi um supply for supplying a cooling nmediumto said flow channel
in order to cool said nold. to cool and solidify the resin inmedi- ately
after the filling of said nold with a predeterm ned quantity of the resin
is conpleted. 15 12. An apparatus according to claim 11, further
conprising: a valve di sposed between said heating nmedi um supply and said
cool i ng medi um supply, and said flow channel, for alternately supplying the
heati ng metira@f e suface ebihergoldigidetested asiheing equakiarnidiigher thansaitht el y 5
heat and cpol said nold. 13. An apparatus according to claim 11, wherein
sai d i nj echeataistesiion temperetiraof e resifesi n supply for supplying the resin
and a foam ng agent supply for supplying a supercritical fluid, and

i nj ects the resin in a nolten state while said resin is nade foanmable by
the supercritical flui upplied from 5 said foam ng agent supply. 14. An
appar atus accor di ng tbgtg%PEP?@,t“%\ﬁﬁ?@'ﬂm%@i Qai ] éCWﬁGWm gaiddniagtivachi ne
starts injecti.ng sai.d resin into said | d.when the tenpera ture of the
surface of MAINGsTacT RS e eckiSnd e Mg Of SAG MARGHE: 2 eHeReWE: o heat
distortion_t rature.of the resin., 15 An apparatus according to claim
11, wherei H’mi% u?ﬁﬁ!ﬂg&fi re%poqq{aplﬁ&%qﬂ ne i ssues a signal when the
filling of said nold with a predeter- mned quantity of the resin is
conpl et ed.
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