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1. A process for injection molding an article

comprising the steps of:

heating, plasticgising and metering a plastics
material within an injection machine, said injection
machine having an injection plunger therein and being in
communication via a nozzle passage with a mold
arrangement comprising a mold cavity for defining the
article;

injecting the plasticised material using the
injection plunger through the nozzle passage into the
mold arrangement;

exerting an external holding pressure using the
injection machine and/or pluhnger on the injected material
so as to compact the injected material within the nozzle
passage and mold arrangement;

activating interruption means to interrupt the
nozzle passage and the external holding pressure while
said external holding pressure is being exerted whereby
an ifiternal pressure is exerted on the compacted material
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in a closed space fixed in volume which is defined with
the interruption means by only the mold cavity and the
portion of the nozzle passage forward of the interruption
means;

cooling the mold arrangement to thereby
automatically and continuously decrease the internal
pressure and to provide the article;

removing said article from the mold cavity.

13. An apparatus for injection molding articles, which

comprises:

an injection machine comprising a body provided with

a piston cylinder formed in the interior thereof and
arranged to receive a heated plastic material for forming
a first article;

an injection plunger arranged for contrelled axial
movement within the pisten cylinder;

a hollow extension forming a nozzle passage from the
piston cylinder:

a mold defining a cavity, the mold being ¢coupled
with the injection machine so as to commuricate with the
piston cylinder of the mac¢hine body via the nozzle
passage s$0 that controlled axial movement of the
injection plunger injects the heated plastic material
received within the piston cylinder under pressurée from
the piston cylinder through the nozzle passage and into
‘che mold cavity; and

a valve arranged for controlled movement relative to
the nozzle passage ta controllably interrupt the
communication between the piston cylinder and the mold
cavity and to form a closed space comprising a poition of
the nozzle passage adjacent to the mold cavity and the
meld cavity se that the injection machine is available to
begin a molding operation for a second article,

characterized in that said closed space is defined
by only the nogzzle passage portion, the valve and the
mold cavity so that it is fixed in volume, and wherein
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the valve interrupts the nozzle passage to cause a
predetermined portion of the injected material to be
compacted in said fixed closed space so that the
compacted material exerts an internal pressure to urge

itself against the mold.
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(57) Abstract

tion.

T

A system of injection molding by an injection.machine with a mold comprises conventional fundamental steps including a
material plasticizing and metering step, a matetial injecting step and a material pressure-holding step, but with an additional fea-
ture in that a nozzle passage (50) is inverrupted midway therealong from communication between the interior of a machine body |
(22) and a miold cavity (11); after the injecting step but while the material pressure-holding step is being carried out. The material
preéssure-Holding step is carried out first using the irijection thachine per se operated with a piunger (21) to exert a first non-
stepped external or intérnal pressure on the entite injected material but second using arnother means for exerting a second non-
stepped or stepped internal pressure on a forward portion of thé injected material separated due to the nozzle passege intetrup-
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.1.
DESCRIPTION

TITLE OF THE INVENTION
Process for Injection Molding

TECHNICAL FIELD

The present invention relates to an improved process
for injection molding of plastic materials, particularly
preferable in injection molding of precision products.

BACKGROUND ART

According to the prior art, an apparatus for
injection molding of plastic material comprises an
injection machine of a screw plunger type and a mold
arrangement defining a mold cavity where a molded article
is formed. The mold arrangement may be a single mold for
a molded product or consist of a primary mold for a
molded proeduct and a cold runner mold for a runner. In
place of the cold runner mold, the apparatus may be
provided with a hot runner mold incorporated with a
manifold between the single mold and the injection
machine. A nozzle passage is formed between the mold
arrangement and a body of the injection machine, by a
nozzle, in the mpst simple one cavity case or a hot
runner mold arrangement and the nozzle.

With such an apparatus, a conventional injection
molding process comprises steps of:

having a plastic material, in every shot cycle,
plasticized and metered while being heated within the
machine body;

having the hot plasticized material injected under
pressure into the mold cavity through the nozzle passage;

hawving the hot injected material held at least
partially within the entire mold cavity under pressure

while the mold arrangement is being cooled to thereby

provide and freeze a molded article therein; and
having the frozen molded article tremoved from the

911119 wpftdisk 50,43490.5pe, 1
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mold cavity after the mold arrangement is opened.

For example, particular steps of injection molding

are indicated in Table I or II attached hereto including

the above fundamental steps.

Among the important factors influencing the quality

of a molded product, it has been recognized that the

material pressure-holding step is one of the most

critical steps. If this step is not carried out in a

suitable manner, the molded products have undesired

shrinkages due to short shot and/or flashes due to over-

packing.

The time of the material pressure-~holding step

depends on the time needed for cooling a molded article

in the mold cavity.

1

With a fixed mold cooling capability and a fixed

volume of the mold cavity, a thinner molded article takes

a shorter time than a thicker molded article to freeze it

enough for removal from the mold cavity.

In this

connection, the thicker molded article requires more time

in the material pressure-holding step, although the

injecting step and the plasticizing and metering step
each take the same time as for the thinner molded

article.

According to the prior art, the material pressure-

holding step is carried out using the injectiorn machine

with the plunger exerting an external holding pressure,

subsequent to an injection preéssure, on the injected
material in a combination of the mold cavity and the

nozzle passage against the mold cavity.

The conventional

technology involves an external holding pressure exerted

by the injection machine being controlled to form a

multi-stepped pressure, rather than a non-stepped
pressure, which is stepped at predetermined strokes of

the plunger.

Since the function and effect of the material
pressure-holding has not yet been pzrecisely known,
although there are some theories which have been

911119, wpftdisk50,43490.spe,2



evee
. .o
sesee
seoe
3
s L]
eeee
-
seee
es o0&
.
. -
XXX}

.
(XX X4

10

15

20

25

30

35

-3 -

developed,; there have been various attempts to improve
the material pressure-holding step for a plasticized
material which is viscid and elastic in the multi-stepped
external pressure approach. In the conventional
approach, as matter of course, there is a serious
difficulty in controlling such a multi-stepped pressure
in an accurate manner at predetermined precise stroke
positions, since the time between the neighboring steps
of the pressure is very short, on the order of 0.01
second, and with a very short distance between the
strokes at the neighboring pressure steps being of the
order of 0.1 mm, while an inner diameter of a barrel of
the injection machine body is very large relative to such
a small stroke differenmce. Under these circumstances the
multi-stepped pressure control cannot rely on a manual
operation. Therefore, the recent injection machines for
producing precise products, particularly small size
articles, are all equipped with an expensive computer
incorporated with expensive electronic detectors for the
controlled parameters. In connection with the above,
such a computer is also used for controlling the
plasticizing and metering step and the injection step.

In the injection step, there is also adopted a multi-
stepped injection method involving a multi-stepped
injection speed in most of the cases.

Further, it should be noted that only after the
material pressure-holding step in a shot cycle is
completed, can the plasticizing and metering step be
carried out for a next shot cycle. This is because the
injection plunger of the machine per se is essentially
engaged in said material pressure-holding step. This
medns that the time allowed for the plasticizing and
metering step is from the completion of the material
pressure-holding step to the time when the mold
arrangement is opened for removing a molded article.

This time is relatively short in a shot cycle period for
example 4.6 sec. (34%) in the shot ¢ycle of 14.50 sec. as

911119, wpftdisk50,43490.spe,3
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indicated in Table I, while the time of the material
pressure-holding step takes 5.09 sec. (35%).

The shot cycle time (14.50 sec.) is a sum of the
plasticizing and metering time (4.6 sec.), the material
pressure-holding time (5.09 sec.) and thé other steps
(5.41 sec.). .

There is, of course, a strong demand for a higher
productivity of a precision article due to a shorter shot
cycle time in the plastic injection molding industry.
This demand, therefore, forces, in one way, the period of
time of the material pressure-holding step to be
shortened, while ensuring that the quality of molded
precision article is still goed. This causes not only
the mold cooling capability to be improved but also the
computer control of the multi-stepped holding pressure
and injection pressure with the associated piston strokes
to be improved with higher accuracy to harmonize with the
improved mold cooling, with the result that the computer
control per se is obliged to be a more sophisticated or
complicated one with a higher cost incurred in computer
equipment. At the present time, the following statement
is by no means an exaggeration. The cost of the computer
occupies a large part of the cost incurred in production
of the injection machine with the result that recent
machine production has become very expensive compared
with the sost of the original simple injection machine
used in the past, which was not equipped with a computer
and ran by a simpler operation. This naturally leads to
a higher cost incurred in producing molded articles.

In other ways, in order to reduce the production
cost, various efforts to shorten the shot cycle time, of
course, have been made in the industry. Such a shortened
cycle time forces the time of the plasticizing and
metering step to be shortened under the conventioénal
circumstances. However, a serious problem is encountered
in that shortening of the plasticizing and metering step
requires an increase in the plasticizing rate or
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performance with an increased power supply, leading to an
increased machine cost and operation cost.

Further, it should be noted that such an increased
plasticizing capability of the injection machine causes

5 the plastic material per se to be damaged by the screw
plunger due to breakage of chains of a high resin
polymer, while the polymeric material is being
plasticized. This leads to deterioration of a molded
article.

10 Still further, the increased plasticizing capability
requires the material to be heated to a higher
temperature. This leads to prolongation of the time
required to cool the molded article in the mold, and thus
the enhanced heating works against the attempt to shorten

15 the shot cycle time. Due to this lower quality of the
plasticized material and enhanced heating in combination,
there is a certain limitation to enlarging the
plasticizing capability, even if the increaséd cost
incurred in production of such a higher performance

20 injection machine is neglected.

DISCLOSURE OF THE INVENTION
According to the present invention there is provided
a process for injection molding an article comprising the
25 steps of:
heating, plasticising and metering a plastics
material within an injection machine, said injection
machine having an injection plunger therein and being in
communication via a nozzle passage with a mold
30 arrangement comprising a mold cavity for defining the
article;

injecting the plasticised material using the
injection plunger through the nozzle passage into the
mold arrangement;
35 exerting an external holding pressure using the
injection machine and/or plunger on the injected material
so as to compact the injected material within the nozzle

N 911119, wpfidisk 50,43490.5pe,5
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passage and mold arrangement;

activating interruption means to interrupt the
nozzle passage and the external holding pressure while
said external holding pressure is being exerted whereby
an internal pressure is exerted on the compacted material
in a closed space fixed in volume which is defined with
the interruption means by the mold cavity and the portion
of the nozzle passage forward of the interruption means:;

cooling the mold arrangement to thereby
automatically and continuously decrease the internal
pressure and to provide the article:

removing said article from the mold cavity.

Herein, the word "external pressure" indicates a
pressure exerted on a material by external means, while
the word "internal pressure"” indicates a pressure exerted
after the interruption of the nozzle passage due to the
compaction of the material. It may be said thus that the
compacted material exerts the internal pressure itself.
The internal pressure varies as the temperature changes:

Preferably, the process further comprises the 'step
of heating, plasticising and metering further material
for a subsequent article while said nozzle passage is
interrupted.

The external holding pressure may be a stepped or
non-stepped external static pressure exerted by the
injection plunger.

The interruption means is provided to interrupt
communication between the interior of the machine body
and the mold cavity thus enabling the exertion of the
internal pressure. Preferably, the interruption means
comprises valve means incorporated with theé nozzle
passage.

The forward part of the nozzle passage may be formed
by a hot runner mold, in which case, the injection
molding process may further comprise a step of sucking
back hot material remaining in said hot runner mold by

920114, wpftdisk50,43490.5pe,6
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expanding the volume of the closed space before the mold
arrangement is opened to remove the molded article but
while said nozzle passage interruption is maintained to
thereby release the hot material from the compaction.

5 The forward portion of the hot material remaining in
the nozzle passage may be frozen by cooling the mold
arrangement and the frozen forward material portion may
be melted by heat being temporarily applied after the
sucking back step is completed but just before a further

10 injection.

The instantaneous heating is preferably effected by
means previously invented by the inventor i.e., a so
called "Spear System". The sucking back process or means
is particularly desirable in the case where the shot

15 cycle time is short and thus the mold cooling time is
short. This is because if the cold material portion is
not frozen enough to resist the internal pressure in the
forward nozzle part then, if the sucking back is not
effected to reduce the pressure, the material is likely

20 to leak out.

When the nozzle passage interruption is released the
mold cavity communicates with the interior of the machine
body for the next shot, before the cold forward material
end melts.

25 The external pressure exerted by the injection
plunger and/or machine just prior to the nozzle passage
interruption is substantially equivalent to the internal
pressure just after the nozzle passage interruption.

The nozzle passage may form a hot runner mold

30 incorporated with a manifold having a sprue inlet to
which the nozzle is attached. The mold arrangement may
be provided to form a primary mold for providing a molded
product and a cold runner mold for pruviding a molded
runner. The molded product and the molded runner in

35 combination forming said molded article in the mold
cavity.

The time périod of said internal pressure
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substep may be of longer duration than the external
holding pressure step. Preferably, the nozzle passage
interruption is effected upon said injection.

The external holding pressure and the injection
pressure are preferably non-stepped pressures, but they
may be, of course multi-stepped pressures as needed.

Upon the nozzle passage interruption, the heating
plasticizing and metering step of further material may be
carried out by the injection machine for a next shot or
injection. In this cornection, the step of heating
plasticizing and metering further material is of
substantially similar duration to said internal pressure
step.

With an appropriate initial internal pressure
selected, a molded article may be obtained without local
shrinkage and flashes without using any external control
of the holding pressure.

Generally speaking, this means that a computer is no
longer rneeded for controlling the holding pressure, and
if the period of the internal pressure step is longer
than the external holding pressure step a computer is no
longer needed to control the external holding pressure
step. ’

The present invention further provides an apparatus
for injection molding articles, which comprises:

an injection mac¢hine comprising a body provided with
a piston cylinder formed in the interior thereof and
arranged to receive a heated plastic material for forming
a first article;

an injection plunger arranged for controlled axial
movemerit within the piston cylinder;

a hollow extension forming a nozzle passage from the
piston cylinder:;

a mold defining a cavity, the mold being coupled
with the injection machine so as to communicate with the
piston cylinder of the machine body via the nozzle
passage so that controlled axial movement of the

920114,wpfidisk50,43490.5pe,8 2;23M
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injection plunger injects the heated plastic material
received within the piston cylinder under pressure from
the piston cylinder through the nozzle passage and into
the mold cavity; and

a valve arranged for controlled movement relative to
the nozzle passage to controllably interrupt the
communication between the piston cylinder and the mold
cavity and to form a closed space comprising a portion of
the nozzle passage adjacent to the mold cavity and the
mold cavity so that the injection machine is available to
begin a molding oreration for a second article,

characterized in that said closed space is defined
by only the nozzle passage portion, the valve and the
mold cavity so that it is fixed in volume, and wherein
the valve interrupts the nozzle passage to cause a
predetermined portion of the injected material to be
compacted in said fiked closed space so that the
compacted material exerts an internal pressure to urge
itself against the mold.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of
example only with reference to the accompanying drawings,
in whichze

Figures 1 and 2 show an injection molding apparatus
incorporated with a meld arrangement and provided with a
valve for effecting the nozzle passage interruption;

Figure 3 shows a flow or process chart indicating
the time series of injection molding processes in a shot
cycle and the valve means of Figure 1; and

Figures 4 and 5 are qualitative diagrams showing
holding pressures exerted by a conventional process and
an embodiment of the present invention respectively.

920409,wpfidisk50,43490.spe,8
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BEST MODE FOR CARRYING OUT THE INVENTION

Figures 1 and 2 illustrate an apparatus for
injection molding incorporated with a mold arrangement 10
having mold halves 11A, 11B defining at least one cavity
11 having a gate, and comprising an injection machine 20
having a single barrel type body of a piston-cylinder
type provided with an injection plunger 21 therein and a
hollow extension 30 therefrom including a nozzle and a
nozzle passage 50 communicating between the interior of
the machine body 22 and the mold cavity 11. The machine
provides for having a plastic material plasticized and
metered within the machine body 22 while the machine body
22 is being heated, and for having the hot plasticized
material injected into the mold cavity 11 through the
nozzle passage 50 and for having the injected material at
least partially held within the entire mold cavity 11
The mold halves 11A,
with means 12 for cooling the mold arrangement 10.

under pressure. 11B are provided

According to one embodiment of the present
invention, there is provided means for interrupting the
nozzle passage 50 midway therealong to préevent
communication between the interior of the machine body 22
and the mold cavity 11 and for providing a fixed closed
space A defined by a combination of the mold cavity 11
and a predetermined portion of the nozzle passage 50
forward of the interruption means to thereby have the
compacted material exert an internal pressure to urge
itself against the mold cavity 11.

According to a first embodiment of the present
invention, the passage interruption means comprises a
valve 40 provided in the nozzle passage 50.

Regarding Figures 1 and 2, the molding apparatus 20
is a single barrel type injection machine of the screw
plunger type and is incorporated with a mold arrangement
10 defining a mold cavity 11, A hot runner moeld 15
incorporated with a manifold, a bored block 31 and a
bored subblock 32 in combination forms a nozzle

911119, wpfudisk0,43490.5pe,9
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arrangement having the nozzle passage 50 therein
communicating with the interior of a machine body 22 and
the mold cavity 11. The main block 31 defines a cylinder
coaxial with the injecti-~n machine 20 and the subblock 32
defines a bored piston nozzle coaxial with the injection
machine 20 and is movable into the cylinder with a fixed
forward stroke and is integrated with the machine body
22. The cylinder is provided with a band heater 18, and
defines a forward portion of a nozzle passage section and
the piston is provided with a rear portion of the nozzle
passage section therein. The subblock 32 is provided
with the valve 40 therein to interrupt the nozzle passage
from communication between the mold cavity 11 and the
interior of the machineé body 22.

A combination of the main block 31 and the subblock
32 enables the volume of the nozzle passage 50 to be
axially expanded by a rearward movement of the imnjection
machine 20, while the nozzle passage interruption is
maintained but before a molded article is removed from
the mold cavity 1%, with the effect that a forward
portion of an injected material, exelusive a molded
article, remaining in the forward nozzle passage part is
sucked back so that it is released from being pressurized
and compacted.

The runner meld 15 is provided with means 17, a so
called "Spear System", for instantaneously heating the
runner mold at a free forward end of the runner passageé

when the mold arrangement 10 is closed for an injection

operation, while the mold arrangement 10 is being cooled.
Referring now to Figure 3, the material pressure-holding
step, comprising the exterral and internal holding
pressure steps, may firstly be carried out by the
injection machine 20 exerting a first non-stepped
external pressure on the injected material (I), and
secondly, upon the nozzlé passage interruption (i) by the

valve 40 be carried out by the compacted material

exerting a second non-stepped internal pressure (I1).

911119, wpftdisk50,43450.5pe, 10
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Upon the nozzle passage interruption (i), the
plasticizing and metering step (II1) is carried out for
the next shot cycle.

Referring to Figure 3, the nozzle passage
interruption (i) is released, that is the nozzle passage
is opened (ii), after the mold is closed and clamped but
just after the injection plunger 21 is retracted with a
rear portion of the injected material separated due to
the nozzle passage interruption and a fresh metered
plasticized material, in combination, is sucked back into
the material body 22. The nozzle passage interruption
(i) is effected just after the first material external
pressure-holding step (I) and is continued until just
before the mold arrangement 10 is opened for removal of a
cold molded article.

The plasticizing and metering step (IXII) which is
commenced upon the nozzle passage interruption (i) can be
continued at most until the nozzle passage interruption
is released, that is the nozzle passage is opened (ii)
for a next shot cycle. That is, the plasticizing and
metering operation can be continued at most for a time
(t, = T-t,) in a shot cycle time (T), where t, is a
relatively short time from the time when the injection is
commeficed to the time when the nozzle passage
interruption (i) is effected and inc¢ludes the first
matérial external pressure-holding substep (I) by the
injection plunger (21), follewing the injection.

Tables I and 11 below show the operational steps of
injection molding carried out in a shot cycle using a
conventional injection process and the process of the
first embodiment of the invention (Figure 1, 2). The
apparatuses are incorporated with the same mold
arrangement as that for producing plastic VHS half cases
(four cases and two cases per unit).

The apparatus involved in Table II has a nozzle
shut-off valve for preventing the material from leaking
out of the nozzle, while the first embodiment of the

911119, wpftdisk50,43490.spe, 11
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present invention is not provided with such a nozzle
shut-off valve. Such leaking is prevented due to a
combination of the material frozen at the forward end of
the nozzle passage by the mold cooling and the material
being sucked back. The other conventional apparatus
involved in Table I has no shut-off valve.

Referring to Tables I and 1II, the plasticizing and
metering steps (III) ac¢cording to the first embodiment of
the present invention for a next shot cycle are carried
out for about 8.5 sec. (Table I) and about 11 sec. (Table
II) respectively, while the conventional plasticizing and
metering steps are carried out for about 3.5 sec. (Table
I) and about 4.5 sec. in shot cycle times Of 14.59 sec.
(Table 1) and 13.50 sec. (Table II) respectively.

Resultant molded products have a high quality
without flashes and shrinkage.

The above results are surprising in comparison with
those of the prior art. This is an advantageous effect
of this embodiment of the present invention where an
internal pressure of a plasticized material is utilized
upon the nozzle passage interruption, and the
plasticizing and metering step is commenced upon the
nozzle passage interruption.

The injection machine may for this embodiment Of the
invention be smaller in size and/or less powered, and may
be operated at a reduced plasticizing rate compared to
the injection machine used for the conventional process.
The effect is obtained without any computer control.

The injection machine need not be provided with a
computer for controlling the first external holding
pressure and may be operated with a short non-stepped
first external holding pressure, and upon the nozzle
passage interruption, the second material pressure-
holding substep is carried out so as to have the
compacted material exert a second non-stepped internal
pressure without the use of a computer.

As shown in Table I and 1Ii, the injection machine

911119, wpftdisk50,43490.5pe, 12
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according to the conventional process exerts a multi-
stepped external pressure for the entire material
pressure-holding step using a computer (two stepped
pressure in Table I and three stepped pressure in Table
11). '

Referring to Figure 4, according to the conventional
process the external pressure exerted by the injection
machine in the entire material pressure-holding step is
decreased in a multi-stepped manner controlled by a
computer as the mold arrangement is cooled.

According to the present invention, the material
pressure-holding step comprises a first substep (I) and a
second substep (II) due to the nozzle passage
inteérruption (i). (Figure 5). The first substep (I) is
carried out by the injection machine and the second
substep is carried out by the compacted material. 1In the
first substep (1), a first external holding pressure may
be exerted by the injection plunger 21 in a non-stepped
manner which does not require any computer as shown in
Figure 5. Following the interruption of the nozzle
passage, by, for exampl:, the valve 40 (Figures 1 and 2),
a second internal holding pressure exerted by the
compacted material is decreased from the first external
pressure in a non-stepped manner without a computer as
the mold arrangement is cooled as shown in Figure 5.

To sum up, with respect to the effect on the contour
quality of a molded article attained by the internal
holding pressure system, embodiments of the present
invention are substantially eguivalent or superior to a
conventional external pressure system involving a
sophisticated computer control. This is highlighted by
the fact that the internal holding pressure-system
inherently requires no computer control.

Further, the present invention is particularly

suitable for thicker molded articles since the material

pressure-holding step required is of longer duration.

911119 wpftdisk50,43490.spe, 13
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for injection molding an article
comprising the steps of:

5 heating, plasticising and metering a plastics
material within an injection machine, said injection
machine having an injection plunger therein and being in
communication via a nozzle passage with .a mold
arrangement comprising a mold cavity for defining the

10 article;

injecting the plasticised material using the
injection plunger through the nozzle passage into the
mold arrangement:;

exerting an external holding pressure using the

15 injection machine and/or plunger on the injected material
so as to compact the injected material within the nozzle
passage and mold arrangement;

activating interruption means to interrupt the
nozzle passage and the external holding pressure while
20 said external holding pressure is being exerted whereby
an internal pressure is exerted on the compacted material
in a closed space fixed in volume which is defined with
the. interruption means by only the mold cavity and the
portion of the nozzlée passage forward of the interruption
25 means:;
cooling the mold arrangemént to thersby
automatically and contihugusly decrease the internal
pressure and to provide the article;
removing said article from the mold cavity.
30

2. A process according to claim 1, further comprising

the step of heating, plastieising and metering further
material for a subseguent article while said nozzle
passage is interrupted.

35
3. A process according to claim 2, wherein said
internal pressure step is of longer duration,than-the
external holding pressure step.
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4.

heating, plasticising and metering further material is of

A process according to claim 3, wherein said step of

substantially similar duration to said internal pressure
step.

5. A process according to any one of the preceding
claims, wherein said external pressure is a non-stepped

pressure.

6. A process according to any one claims 1-4, wherein

said external pressure is a stepped pressure.

7.

claims, wherein a hot runner mold forms a forward part of

A process according to any oné of the preceding

said nozzle passage.

8.

step of sucking back hot material remaining in said hot

A process according to e€laim 7, further comprising a
runner mold by expanding the volume of the closed space
vefore the mold arrangement is opened to remove the
melded article but while said nozzle passage intérruption
is maintained to thereby release the hot material from

the compaction.

9.

portion of the hot material remaining in the nozzle

A process according to claim 8, wherein the forward

passage is frozen by the cooling of the mold arrangement,
and wherein said frozen forward material portion is
melted by heat temporarily applied after said sucking
back step is completed but just before a further
injection.

10.
passage interruption means is released so that the mold
cavity communicates with the interior of the machine body
for the next injection before said frozen forward
material portion melts.

A process according to ¢laim 9, wherein said nozzle

9201 14,;wpftdisk50,43490.spe, 17
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11. A process according to claim 10, wherein the hot
plasticised material metered for the subsequent article
is substantially equivalent to that of the molded
article.

12. A process substantially as hereinbefore described
with reference to Figures 1-3 and 5 of the accompanying
drawings.

13. An apparatus for injection molding articles, which
comprises:

an injection machine comprising a body provided with
a piston cylinder formed in the ,interior thereof and
arranged to receive a heated plastic material for forming
a first article;

an injection plunger arranged for controlled axial
movement within the piston cylinder;

a hollow extension forming a nozzle passage from the
piston cylinder;

a mold defining a cavity, the mold being coupled
with the injection machine so asg to communicate with the
piston ©ylinder of the machiné body via the nozzle
passage so that controlled axial movement of the
injection plunger injects the heated plastic material
received within the piston cylinder under pressure from
the piston cylinder through the nozzle passage and into
the mold cavity; and

a valve arranged for controlled movement relative to
the nozzle passage to controllably interrupt the
communication between the piston cylinder and the mold
cavity and to form a closed space comprising a portion of
the nozzle passage adjacent to the mold cavity and the
mold cavity so that the injection machine is available to
begin a molding operation for a second article,

characterized in that said closed space is defined
by only the nozzle passage portion, the valve and the
mold cavity so that it is fixed in volume, and wherein

920409, wpftdisk50,43490.5pe, 18
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the valve interrupts the nozzle passage to cause a
predetermined portion of the injected material to be
compacted in said fixed closed space so that the

compacted material exerts an internal pressure to urge
S itself against the mold.

14. The apparatus of claim 13, further comprising a hot
runner mold arranged downstream of the valve and forming
a portion of the nozzle passage

10
15. The apparatus of claim 13 or 14, comprising a heater
for instantaneously heating a part of the material at a
gate of the mold.

15 16. An apparatus for injection molding articles
substantially as hereinbefore described with reference to
the accompanying drawings.

20
DATED this 9th day of April, 1392.

SEIKI CORPORATION CO., LTD.
By their Patent Attorneys
25 DAVIES COLLISON CAVE

”AM@ g 920409, wpftdisk$0,43490.5pe, 19
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