
EP0 389 646 b1 Description TECHNICAL FIELD 5      The present invention
relates to an Improved process and apparatus for injection molding of
plastic mate- rials, particularly preferable in injection molding of
precision products according to the preambles of claims 1 and 12.
BACKGROUND ART 10 According to the prior art, an apparatus for injection
molding of plastic material comprises an Injection ma- chine of a screw
plunger type and a mold arrangement def ining 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 product and a cold runner
mold for a runner. In place of the cold runner mold, the apparatus may be
provided 15  with a hot runner mold incorporated with a manifold between
the single mold and the Injection machine. An Interruptible nozzle passage
Is formed between the mold arrangement and the body of the injection
machine by a nozzle in the most simple, one cavity case or by a hot runner
mold arrangement and the nozzle. With such apparatus, a conventional
injection molding process comprises steps of: heating, plasticizing and
metering a plastic material fora first article within the body of an
injection ma- 20  chine having an injection plunger and communicating via a
nozzle passage with a mold cavity having a gate defined in a mold
arrangement injecting the metered material by means of the injection
plunger through the nozzle passage towards the mold cavity; exerting a
first, external holding pressure on the injected material by means of the
injection plunger so 25  as to compact the injected material within the
nozzle passage and the mold cavity; interrupting the nozzle passage at a
location remote from the gate using valve means, while said first holding
pressure is being exerted, so as to form a closed space comprising the mold
cavity and a portion of the nozzle passage between the cavity and the valve
means; upon said nozzle passage interruption, exerting a second holding
pressure on the portion of the com- 30  pacted material in said closed
space; and while the nozzle passage is interrupted, heating; plasticizing
and metering further plastic material In the machine body for a subsequent
article, and cooling the mold arrangement to freeze or solidify the com-
pacted material in the mold cavity under said second holding pressure to
provide the first article. Processes of thistype and apparatusforcarrying
them out are disclosed In EP-A-0204133, GB-A-2116903 36  and US-A-4632652.
For example, the particular steps of Injection molding processes including
the aforementioned steps are indicated in Tables I and 11 attached hereto.
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 notcarried outin a suitable manner, 40
the molded products have undesired shrinkages due to short shot and/or
flashes due to over-packing. The duration of the material pressure-holding
step depends on the time needed for cooling a molded article In the mold
cavity. With a fixed mold cooling capability and a fixed volume of the mold
cavity, a thinner molded article takes less time than a thicker molded
article to freeze sufficiently forremoval fromthe mold cavity. In this
connection, 45  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. It has also been recognised in the prior art that, if the
entire pressure-holding step is carried out using the injection machine,
with the plunger exerting an external holding pressure on the Injected
material, subsequent to an injection pressure, in a combination of the mold
cavity and the nozzle passage leading to the mold cavity, 50  the
plasticizing and metering step for the next shot cycle can be carried out
only after the material pressure- holding step of the previous shot cycle
is completed. This is because the Injection plunger of the machine per 



se Is essentially engaged in the material pressure-holding step. There is,
of course, a strong demand for a higher productivity of precision articles
due to a shorter shot cycle time In the plastic Injection molding industry.
55      The prior art referred to above includes the steps of interrupting
the nozzle passage while the first holding pressure Is being exerted by
Injection plunger of the machine and then exerting a second holding
pressure by means of an auxiliary piston-cylinder unit while the nozzle is
Interrupted. This allows the material for a sub- sequent article to be
plasticized and metered In the body of the machine whilst the material for
the preceding 2    EP 0 389 646 B1 article is solidifying in the mold. The
additional step of exerting a second molding pressure by means different
from the plunger which exerts the first pressure has meant that the
computers with which injection molding machines are usually pro- vided to
control the holding pressure and injection pressure have become more
sophisticated or complicated 5   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 in- jection machine with the result that
recent machine production has become very expensive compared with the cost
of the original simple injection machine used in the past which was not
equipped with a computer and ran by a simple operation involving "a
non-stepped pressure and a non-stepped injection speed". This nat- 10
urally leads to a higher cost incurred in producing molded articles. In
order to reduce production costs, various efforts to shorten the shot cycle
time in other ways have, of course, been made in the industry. Such a
shortened cycle time forces the time ofthe plasticizing and metering step
to be shortened under the conventional circumstances. However, a serious
problem is encountered in that shortening of the plasticizing and metering
step requires an increase in the plasticizing rate or perfor- 15  mance
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 the plastic
material per se to be damaged by the screw plunger due to breakage of
chains of a high resin poly- mer, while the polymeric material is being
plasticized. This leads to deterioration of a molded article. Still
further, the increased plasticizing capability requiresthe material to be
heated to a highertemperature. 20   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 the shot cycle time. Due to
this lower quality of the plasticized material and an enhanced heating,
therefore, in combination, there is a certain limit tothe Increase in the
plas- ticizing capability, even if the increased cost incurred in
production of such a higher performance injection ma- chine is neglected.
25      Under the circumstances, the inventor recognizes that the
improvement or development of the process and apparatus for injection
molding of a plastic material in the conventional art Is reaching or has
reached the limit. DISCLOSURE OF THE INVENTION 30 An object of the present
Invention is to provide an improved process and apparatus for injection
molding which does not require the use of a computer and, in comparison
with the prior art, affords: a shot cycle time which is considerably
shortened with a fixed plasticizing capability of the injection ma- chine;
and 35        a plasticizing capability of the machine which is
considerably reduced with a fixed shot cycle time, while a high quality of
precision molded articles as a result of no "short shot" leading to
shrinkage and no "over-pack" leading to flashes, is ensured. Afurther
object of the present invention is to provide a process and apparatus for
Injection molding of pre- 



cislon molded articles which is improved in that a precise adjustment of
the material pressure-holding can be 40   made manually without using any
computer. A still further object of the present invention is to provide a
less expensive, simple small scale and/or lower plasticizing powered
injection machine having a smaller plasticizing screw plunger irrespective
of usage of a computer, Incorporated with a mold arrangement of a
relatively large scale subjected to a relatively large mold clamping power
but enabling production of precision molded products with a high
productivity and high quality. 45      According to the present invention,
a process of injection molding is provided including the steps men- tioned
above but characterised in that the closed space formed upon said nozzle
passage Interruption by the valve means is of fixed volume and the second
holding pressure is an internal pressure exerted by that portion of the
compacted material itself in said fixed closed space, the second holding
pressure being automatically and continuously decreased as the compacted
material in the mold cavity contracts during cooling. 50      The invention
also provides apparatus for performing this process, as defined in Claim 12
below. The invention thus defines a new direction in injection molding
technology completely different from the aforementioned conventional one.
According to the present invention, the conventional steps of plasticizing,
metering and injecting are car- ried out by a conventional
single-barrel-type or double-barrel-type injection machine, and the first
material 55   pressure-holding step Is carried out conventionally by the
same injection machine. In the present invention, the first holding
pressure is a stepped or non-stepped external static pressure exerted by
the Injection plunger moving axially as the Injected material, as a whole,
contracts while the mold arrangement Is being cooled but the second holding
pressure is a non-stepped internal static pressure exerted 3    EP 0 389
646 B1 by the forward material portion compacted in the fixed closed space
formed by the mold cavity and the forward part of the nozzle passage
delimited by the valve means. Herein, the term "external pressure"
Indicates a pressure exerted on the plastics material by external means,
that is, the injection plunger, while the term "Internal pressure"
Indicates a pressure exerted on the 5   material by itself. The injection
plunger exerting the external pressure is movable linearly against the
material contained in a space closed thereby and changeable in volume due
to its movement, while the material exerting the internal pressure is
contained in a fixed closed space, that Is, a closed space of fixed volume.
In this con- nection, the external pressure is constant irrespective of
changes in the material's temperature by heating or cooling, while the
internal pressure varies as the temperature changes. 10      Preferably,
the closed space packed with the forward injected material portion is
designed to have a vol- ume substantially the same as that of the mold
cavity. The valve means are incorporated in the nozzle passage, midway
therealong, to Interrupt communication between the interior of the machine
body and the mold cavity and to allow the second holding pressure to be
exerted on the forward injected material portion separated by the nozzle
passage Interruption. 15      According to the present invention, the
injection molding process further comprises a step of sucking back the hot
material remaining In the forward passage part by an expansion of the
volume thereof, before the mold arrangement is opened for removing the
molded article but while said nozzle passage interruption is main- tained,
to release the hot material from the excessive packing. The nozzle passage
is rendered expansible by its being formed by a forward cylinder part and a
bored-piston rear part provided with the valve means and 20   movable In
the cylinder part. Aforward end of the hot material remaining in the nozzle
passage following removal of the molded article Is frozen by cooling the
mold. The frozen or cold forward material end is melted by Instantaneous
heat being temporarily applied after the sucking back step is completed but
just before a next shot. The instantaneous heating Is preferably effected
by a means invented by the Inventor in the past, i.e., a 



25  so called "Spear System". The sucking back process or means Is
particularly necessary in a case where the shot cycle time Is short and
thus the mold cooling time Is short.This Is because the cold material end
is not frozen enough to resist the Internal pressure in the forward nozzle
part with the result, if the sucking back Is not effected to reduce the
pressure, that the material is likely to leak out with the insufficently
frozen material end. 30      The nozzle passage interruption is released to
have the mold cavity communicate with the Interior of the machine body for
the next shot, before the cold forward material end melts. In a stationary
state, the hot plas- ticized material injected In an immediately preceding
shot cycle, other than a resultant molded article, remain- ing In the
Injection machine including the entire nozzle passage Is Injected towards
the mold cavity, together with a following fresh metered plasticized
material, through the entire nozzle passage upon melting of the cold 35
forward material end following the release from said nozzle passage
interruption. The amount of the fresh me- tered material is substantially
equivalent to that of the molded article. With the valve means incorporated
in the nozzle passage, the forward nozzle passage part defined in the fixed
closed space of the Invention is a forward part separated due to the nozzle
passage Interruption. The first, external pressure exerted by the Injection
plunger at the end of the first material pressure-holding 40  step Is
substantially equivalent to the Internal pressure exerted by said compacted
material at the beginning of the second material internal pressure-holding
step. The nozzle passage may form a hot runner mold incorporated with a
manifold having a sprue inlet to which the nozzle is attached. The mold
arrangement may be such as to form a primary mold for providing a molded
product and a cold runner mold for providing a molded runner, the molded
product and the molded runner In 45  combination forming said molded
article In the mold cavity. The inventor has called the above mentioned
forward nozzle passage part of fixed volume Incorporating the valve means a
"material pressure-holding chamber and has called the process and apparatus
of the pres- ent invention an "Injection molding system incorporating a
material pressure-holding chamber, for conve- nience in identifying the
invention using this new approach different from the conventional one. 50
According to the present invention, the duration of said second material
pressure-holding step comprises a predominant part of the overall duration
of the material pressure-holding steps. Preferably, the nozzle pas- sage
Interruption Is effected upon said injection. Adynamic injection pressure
exerted on the material during high speed flow towards the mold cavity
through the entire nozzle passage Is stepped down from a high level to a
lower level to change Into a static holding pressure but the static holding
pressure is Interrupted from being 55   exerted on the entire injected
material upon the nozzle passage Interruption effected immediately after
com- pletion of the injection. The first holding pressure and the Injection
pressure are preferably non-stepped pressures but they may, of course, be
multi-stepped pressures as needed. 4    EP0389646B1 According to the
present invention, upon the nozzle passage interruption, the plasticizing
and metering step is carried out by the injection machine for the next shot
or injection. In this connection, the plasticizing and metering step can be
carried out at a relatively low rate at the longest over a relatively long
period of time substantially equivalent to that from the time just after a
first Injection to the time when the mold arrangement 5   is closed for a
second injection, the time of said longest step being almost equivalent to
the shot cycle time from the first Injection to the second injection. This
is one advantageous feature of the present invention and enables the
duration of the plasticizing and metering step to be prolonged, for
example, from 3.5 sec. to 8,5 sec. in a fixed shot cycle time of 14.59, as
shown in Table I, with the effect that the Injection machine can be
designed to operate at a lower plasticizing 10 rate, for example at about
2/5 (3.5/8.5) that of the conventional machine, a much smaller machine
which con- 



sumes less power can be employed, and also the L/D ratio of the screw
plunger can be larger. Further, with an Injection machine having a fixed
plasticizing rate, theshotcycle time is considerablydecreased, forexample
to about 65% (9.59/14.59) of the conventional one as indicated in Table I.
Another important advantage of the present invention attained by using the
Internal holding pressure as 15 the second material pressure-holding step
is that, with the selection of an appropriate Initial Internal pressure,
the molded article Is obtained with no local shrinkage and flashes, without
using any control of the holding pressure. Generally speaking, this means
that a computer is no longer needed for controlling the holding pressure
since the second,step takes up a predominant part of the overall time of
the material pressure-holding steps. 20  Moreover, a computer Is no longer
needed for controlling the holding pressure in the first step because the
time of the first step is very short; in other words, the present invention
does not rely substantially on the In- jection machine for carrying out the
material pressure-holding steps. Further embodiments of the invention are
contained in the dependent claims. 25 BRIEF DESCRIPTION OF DRAWINGS Figures
1 and 2 show an injection molding apparatus according to the present
invention; Figure 3 shows a flow or process chart and the valve means of
Figure 1 In combination, Indicating the time series of injection molding
processes in a shot cycle, and 30      Figure 4 is a qualitative diagram
showing the holding pressure exerted In the material pressure-holding steps
carried out by the apparatus of the present invention. BEST MODE FOR
CARRYING OUT THE INVENTION 35      Figures 1 and 2 show an embodiment of an
Injection molding apparatus according to the present invention. The
apparatus for injection molding is incorporated with a mold apparatus 10
having mold halves 11A, 11B defining at least one cavity 11 having a gate,
and comprises an Injection machine 20 having a conventional single
barrel-type body of a piston-cylinder provided with an Injection plunger21
therein and a hollow extension 30 therefrom including a nozzle and forming
a nozzle passage 50 communicating between the interior of the 40 machine
body 22 and the mold cavity 11. The machine enables a plastic material to
be plasticized and metered within the machine body 22 while the machine
body 22 is being heated, the hot plasticized material to be in- jected Into
the mold cavity 11 through the nozzle passage 50, and the injected material
at least partially to be held within the entire mold cavity 11 under
pressure. The mold halves 11A, 11B are provided with means 12 for cooling
the mold arrangement 10. 45     According to the present Invention, valve
means 40 are provided in the nozzle passage 50 for interrupting the nozzle
passage 50 at an intermediate point therealong so as to break the
communication between the interior of the machine body 22 and the mold
cavity 11 and to form a fixed closed space X from a combination of the mold
cavity 11 and a predetermined forward part of the nozzle passage 50
communicating therewith, in which a predetermined portion A of the Injected
material separated due to the nozzle passage Interruption 50  is compacted
so that the compacted materialAexerts an Internal pressure to urge itself
against the mold cavity 11. Regarding Figures 1 and 2, the molding
apparatus 20 of the present invention is a conventional single bar- rel
type injection machine of a screw plunger type and Is incorporated with a
conventional mold arrangement 10 defining a mold cavity 11. A conventional
hot runner mold 15 incorporated with a manifold, a bored block 55 31 and a
bored subblock 32 in combination form a nozzle arrangement which defines
the nozzle passage 50 communicating with the interior of a machine body 22
and the mold cavity 11. The main block 31 forms a cy- linder which is
coaxial with the Injection machine 20 and the subblock 32 forms a bored
piston nozzle which is movable coaxially within the cylinder of the main
block 31 with a fixed forward stroke and is Integral with 5    EP 0 389 646
B1 



the machine body22. The cylinder is provided with a band heater 18 and
defines a forward portion of the nozzle passage while the piston defines a
rear portion of the nozzle passage. The subblock 32 is provided with the
valve 40 for interrupting the nozzle passage and hence communication
between the mold cavity 11 and the interior of the machine body 22. 5
The combination of the main block 31 and the subblock 32 allows the volume
of the nozzle passage 50 to be expanded axially by a rearward movement of
the injection machine 20 while the nozzle passage inter- ruption is
maintained but before a molded article is removed from the mold cavity 11,
with the effect that a forward portion of the injected material, but not a
molded article, remaining in the forward nozzle passage part is sucked back
so that it Is released from being pressurized and compacted. 10      The
runner mold 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
passage when the mold arrangement 10 is closed for an injection operation,
while the mold arrangement 10 is being cooled. The runner mold 15 may be
provided with other means, such as heating cartridges, for heating the
runner mold to thereby keep a portion of the Injected material remaining in
both the runner passage and a sprue hot 15  while a free end portion of the
runner is being frozen with the molded article within the mold cavity by
the mold cooling means. The latter may include means forming a gas nozzle
In an Inner cavity surface of each mold half for spraying gas onto the
facing cavity surface of the other mold half to effect additional cooling
of the mold arrangement at the cavity surfaces. The apparatus with the mold
arrangement 10 incorporating the hot runner mold 15 is operated as shown 20
in Figure 3. According to the present invention, the material
pressure-holding steps are carried out firstly by the injection machine 20
exerting a first, non-stepped, external pressure on the Injected material
(I) and then, upon the nozzle passage interruption (I) by the valve 40, by
the compacted material A exerting a second, non- stepped or stepped
internal pressure (II). Upon the nozzle passage interruption (i), the
plasticizing and me- tering step (III) is carried out for a next shot
cycle. 25      Referring to Figure 3, the nozzle passage interruption (i)
Is released, that is, the nozzle passage 50 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 fresh metered plasticized material, In
combination, being sucked back into the machine body 22. The nozzle passage
Interruption (i) is effected just after the first external material
pressure-holding step (I) subsequent to the Injection; and is con- 30
tinued until the time just before the mold arrangement 10 is opened for
removal of a cold molded article. The plasticizing and metering step (III)
which is commenced upon the nozzle passage interruption (i) can be
continued at the longest until the nozzle passage interruption is released,
that is, the nozzle passage is opened (11) for a next shot cycle. The
plasticizing and metering operation can thus be continued at the longest by
a time [err] in a shot cycle time (T), where [err] is a relatively short
time from the time when the injection 35  is commenced to the time when the
nozzle passage interruption (I) is effected and includes a substantially
shorter time of the first pressure-holding step (I) by the injection
plunger (21), following the injection. Tables I and 11 below show
operational steps of injection molding carried out in a shot cycle, each
using a conventional injection apparatus and an Injection apparatus of the
Invention (Figures 1 and 2). These appa- ratuses have the same mold
arrangement as that for producing plastic VHS half cases (four cases and
two 40  cases per unit), respectively. The conventional apparatus involved
in Table II has a nozzle shut-off valve for preventing the material from
leaking out of the nozzle, while the apparatus of the 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 45  in Table I has no shut-off valve.
Referring to Tables I and 11, the plasticizing and metering steps (III)
according to 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. 



50      Resultant molded products have a high quality without flashes and
shrinkage. The above results of the present invention are surprising In
comparison with those of the prior art. This is a very advantageous effect
of the present Invention based on a new idea of a "material
pressure-holding cham- ber molding system", where an Internal pressure of a
plasticized material is utilized for the Internal pressure- holding step
upon the nozzle passage interruption, and the plasticizing and metering
step is commenced upon 55  the nozzle passage interruption. The injection
machine is smaller in size and/or lower powered, and operates at a very
reduced plasticizing rate, compared with the conventional injection
machine. The effect is obtained without any computer control. The Injection
machine of the present invention does not have a computer for controlling a
first external 6    EP 0389648B1 holding pressure and Is operated with a
first, non-stepped external holding pressure for a very short time and,
upon the nozzle passage interruption, the second pressure-holding step is
carried out to have the compacted material exert a second, non-stepped or
multi-stepped internal pressure without using a computer. As shown in
Tables I and 11, the conventional Injection machine exerts a multi-stepped
external pressure 5   for the entire material pressure-holding step using a
computer (two-stepped pressure in Table I and three- stepped pressure in
Table 11). With the apparatus of the invention, the so-called material
pressure-holding chamber (X) is formed by the nozzle passage 50, Including
the valve 40, defined between the gate of the mold arrangement 10 and the
point where the nozzle passage interruption (i) is effected, denoted by X.
The volume of the forward part of 10 the nozzle passage 50 defined by the
valve 40 when the nozzle passage is interrupted is preferably the same as
that of the mold cavity 11. As shown in Figure 4, In the first material
pressure-holding step (I), the first external holding pressure Is exerted
by the injection plunger 21 in a non-stepped manner which does not require
a computer and, in the second material pressure-holding step (11) the
second, Internal holding pressure exerted by the compacted ma- 15  terial
decreases from the first, external pressure in a non-stepped manner, again
requiring no computer, as the mold arrangement is cooled. The valve 40 of
Figure 1 may preferably be modified to exhibit substantially the same
function as that of a conventional nozzle opening adjusting valve with
which a degree of opening of the nozzle passage at a cer- tain position is
adjusted for regulating an Injection flow condition. 20      However, It
should be noted that the above valve means 40 of the present invention
cannot be modified to exhibit substantially the same function as that of a
conventional nozzle shut-off valve or a conventional nee- dle valve nozzle
for preventing the material remaining in the nozzle passage from leaking
out of the nozzle when the nozzle Is removed from the mold arrangement or
when a molded article is removed from the mold cavity. This is because the
function of the valve means 40 exhibited upon the nozzle passage
interruption, 25  for carrying out the second pressure-holding step
comprising the predominant part of the overall duration of the material
pressure-holding steps, is In contradiction to the inherent function of the
nozzle shut-off valve which is exhibited upon substantial completion of the
entire material pressure-holding step. To sum up, with respect to the
effect on the contour quality of a molded article attained by the material
pressure-holding, the internal pressure system of the present invention, a
so-called "material pressure-holding 30  chamber system", Is substantially
equivalent or superior to a conventional external pressure system involving
a sophisticated computer control. This is highlighted by the fact that the
material pressure-holding chamber system inherently requires no computer
control. Further, the present invention attains a surprising effect that
molding productivity can be considerably Increased within a limit due to
the mold cooling capability in spite of the fact that the injection machine
performance is allowed to be considerably lower with the effect that the 35
material quality of a plasticized material is enhanced and the machine cost
and the operation cost are both 



considerably reduced, compared with the prior art. Further, the above
surprising effects of the present invention are enhanced as the thickness
of a molded article is increased, since the thicker article requires a
longer duration of the material pressure-holding steps. 40 45 50 65 7    EP
0389646 B1 [err]    EP 0389646 B1 [err]    EP 0389 646 B1 Claims 5   1. A
process for injection molding an article, comprising the steps of heating,
plasticizing and metering a plastic material for a first article within a
body (22) of an in- jection machine (20) having an injection plunger (21)
and communicating via a nozzle passage (50) with a mold cavity (11) having
a gate defined in a mold arrangement (10); injecting the metered material
by means of the Injection plunger (21) through the nozzle passage 10
(50) towards the mold cavity (11); exerting a first, external holding
pressure on the Injected material by means of the injection plunger (21) so
as to compact the injected material within the nozzle passage (50) and the
mold cavity (11); interrupting the nozzle passage at a location remote from
the gate using valve means (40), while said first holding pressure is being
exerted, so as to form a closed space comprising the mold cavity (11) 15
and a portion of the nozzle passage (50) between the cavity and the valve
means (40); upon said nozzle passage interruption, exerting a second
holding pressure on the portion of the compacted material in said dosed
space; and while the nozzle passage (50) is interrupted, heating,
plasticizing and metering further plastic ma- terial in the machine body
(22) for a subsequent article, and cooling the mold arrangement (10) to
freeze 20      or solidify compacted material in the mold cavity under said
second holding pressure to provide the first article, characterized in that
the closed space formed upon said nozzle passage Interruption by the valve
means (40) is of fixed volume (X) and the second holding pressure is an
internal pressure exerted by that portion of the compacted material itself
in said fixed close space (X), the second holding pressure being 25
automatically and continuously decreased as the compacted material in the
mold cavity contracts during cooling. 2. A process according to Claim 1,
characterized in that the internal holding pressure step is of longer dur-
ation than the external holding pressure step. 30 3. A process according to
Claim 2, characterized in that the step of heating, plasticizing and
metering the 



further material Is of substantially the same duration as internal holding
pressure step. 4. A process according to any one of Claims 1 to 3,
characterized in that the cooling step is commenced 35      upon said
nozzle passage interruption. 5. A process according to any one of Claims 1
to 4, characterized in that the first, external pressure is a non-stepped
pressure. 6. A process according to any one of Claims 1 to 4, characterized
in that the first, external pressure is a 40      stepped pressure. 7. A
process according to any one of the preceding claims, wherein the forward
part of the nozzle passage Is formed by a hot runner mold (15). 45  8. A
process according to Claim 7, characterized in that it further includes a
step of sucking back hotmaterlal remaining in said hot runner mold (15) by
mechanically expanding (31, 32) the volume of the closed space (X) before
the mold arrangement (10) is opened to remove the molded article but while
said nozzle pas- sage interruption is maintained thereby to release the hot
material from compaction. 50  9. A process according to Claim 8,
characterized In that a local portion of the hot material at the gate is
frozen by the cooling of the mold arrangement (10), and in that said frozen
local portion is melted by heat tem- porarily applied after said sucking
back step is completed but just before a further injection step. 10. A
process according to Claim 9, characterized in that the nozzle passage
interruption is released so that the mold cavity (11) communicates with the
Interior of the machine body (22) for the next injection before the frozen
local portion melts. 11. A process according to Claim 10, characterized in
that the hot plasticized material metered for the sub- 10    EP 0389 646 B1
sequent article is substantially equivalent to that of the molded article.
12. Apparatus for injection molding articles, comprising: an injection
machine (20) comprising a body (22) defining a cylinder for receiving a
heated plastic 5       material for forming a first article; an Injection
plunger (21) arranged for axial movement within the cylinder; a hollow
extension (30) forming a nozzle passage (50) from the machine body (22); a
mold (10) defining a cavity (11) having a gate, the mold (10) being coupled
with the injection ma- chine (20) so as to communicate with the machine
body (22) via the nozzle passage (50) so that axial 10      movementof the
Injection plunger(21) injects the heated plastic material the bodyunder
pressure through the nozzle passage toward the mold cavity; and a valve
(40) arranged at a location remote from the gate for movement relative to
the nozzle pas- sage (50) to interrupt the communication between the body
(22) and the mold cavity (11) and to form a closed space comprising a
portion of the nozzle passage (50) adjacent the mold cavity and the mold
cavity 15      (11) so that the Injection machine is available to commence
a molding operation for a second article, characterized In that the closed
space formed upon closure of the valve (40) is defined by only said nozzle
passage portion, the valve (40) and the mold cavity (11) so that it is of
fixed volume (X), the valve (40) Interrupting the nozzle passage (50) to
cause a predetermined portion of the injected material to be compacted in
said fixed closed space (X) so that the said portion of the compacted
material exerts 20      an internal holding pressure to urge itself against
the mold. 13. Apparatus according to Claim 12, characterized in that it
further comprises a hot runner mold (15) ar- ranged downstream of the valve
(40) and forming a portion of the nozzle passage (50). 25  14. Apparatus
according to Claim 12 or Claim 13, characterized In that it includes a
heater (1 7; 18) for instan- taneously heating a part of the material at
the gate of the mold. 15. Apparatus according to Claim 12, Claim 13 or
Claim 14, characterized In that the volume of said portion 



of the nozzle passage (50) defined by the valve (40) when the nozzle
passage is interrupted is substan- tially the same as that of the mold
cavity (11). 30 Patentanspruche 1. Verfahren zum SprtzgiegBen elnes
Artikels, das die Schritte des: Erwirmens, Plastizierens und Dosierens
elnes Kunststoffs fOr elnen ersten Artikel Innerhalb eines Korpers (22)
elner Spritzmaschine (20) mit einem Spritzkolben (21), wobei die
Spritzmaschine Ober einen DusendurchlaS (50) mit elnem Form-Hohiraum (11)
In Verbindung steht, der elnen In elner Form- Anordnung (10) definierten
Stag hat K>                Einspritzens des doslerten Materials mittels des
Spritzkolbens (21) durch den DrisendurchlaBl (50) hindurch In Richtung des
Form-Hohlraums (11); Ausubens elnes ersten, externen Haltedrucks auf das
eingespritzte Material mittels des Spritzkol- bens (21), um des
eingespritzte Material innerhalb des Drlsendurchlasses (50) und des
Form-Hohiraums (11) zu verdichten; Unterbrechens des Dfisendurchlasses an
elner Stelle, welche vom Steg entfernt llegt, unter Vor- wendung elner
Ventileinrichtung (40), wahrend der erste Haltedruck gerade ausgelibt wird,
so dag eln geschlossener Raum gebildet wird, der einen Form-Hohlraum (11)
und elnen Abschnitt des DOsendurch- lasses (50) zwlschen dem Hohiraum und
der Ventileinrichtung (40) einschilellt; Ausfibens eines zweiten
Haltedrucks auf den Abschnitt des verdichteten Materials In dem ge-
schlossenen Raum bel der DOsendurchlaWfunterbrechung und Erwarmens,
Plastizierens und Dosierens von welterem Kunststoff Im Maschinenkorper (22)
fOr el- nen Folgeartikel, wahrend der DOsendurchlag (50) unterbrochen Ist,
und KIOhlens der Form-Anordnung (10) zur Erstarrung oder Verfestigung von
verdichtetem Material im Form-Hohiraum unter dem zwelten Haltedruck, um den
ersten Artikel zu schaffen, umfalt,  I dadurch gekennzeichnet, daB der
geschlossene Raum, welcher bel Drisendurchlafunterbre- chung durch die
Ventilelnrichtung (40) geblldet wird, eln festes Volumen (X) hat und daB
der zwelte Hal- tedruck emn Interner Druck Ist, der von dem Abschnitt des
verdlchteten Materials ausgeifbt wird, der sich In dem festatehenden,
geschlossenen Raum (X) befindet wobei der zwelte Haltedruck automatisch und
EP 0 389646 B1                     I!I111111 Liii iII I!  I fortlaufend
abnimrnmt, wihrend das verdichtete Material sich Im Form-Hohlraum Im
Verlauf des KfIhlens zusammenzieht. 2. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB der Schritt des Internen Haltedrucks linger 5
dauert als der Schritt des externen Haltedrucks. 3. Verfahren nach Anspruch
2, dadurch gekennzeichnet, dag der Schritt des Erwarmens, Plastizierens und
Doslerens des welteren Materials Im wesentlichen genauso lange dauert wie
der Schritt des internen Hal- tedrucks. 10  4  Verfahren nach elnem der
Ansprfche I bis 3, dadurch gekennzelchnet, deg mit dem Schritt des Kfihlens
bel Dfsendurchlamunterbrechung begonnen wird. 5. Verfahren nach einem
derAnsprflche 1 bba 4, dadurch gekennzelchnet, dm1 der erste, exteme Druck
eln nicht abgestufter Druck ist. 16 6. Verfahren nach elnem der Anspruche I
bis 4, dadurch gekennzelchnet, daB der erste, exteme Druck ein abgestufter
Druck Ist. 7. Verfahren nach elnem der vorangegangenen Anspriche, dadurch
gekennzeichnet, dmg der vordere Tell 20      des Diisendurchlasses von
einer heilen Angugform (15) gebildet wird. 8.  Verfahren nach Anspruch 7,
dadurch gekennzelchnet, dm1g es des welteren einen Schritt des Rfcksau- 



gens von heliem Material, das in der heilen AnguBform (15) verblelbt,
elnschileSt durch mechanlsche Ausdehnung (31, 32) des Volumens des
geschlossenen Raums (X), ehe die Form-Anordnung (10) geoff- 25
netwird, um den Formllng zu entfernen, aberwahrend die
Dfisendurchlalunterbrechung aufrechterhalten wird, urn dadurch das helge
Material aus der Verdichtung zu losen. 9. Verfahren nach Anspruch 8,
dadurch gekennzelchnet, dm13 ein ortlicher AbschnItt des helgen Materials
am Steg durch des KOhlen der Form-Anordnung (10) erstarren gelassen wird
und dm1g der erstarrtb ort- 30      fiche Abschnitt durch zeitweilig
aufgebrachte Wdrme geschmolzen wird, nachdem der Rucksaugschritt be- endet
lit, aber gerade, she ein welterer Einspritzschritt beginnt. 10. Verfahren
nach Anspruch 9, dadurch gekennzelchnet, dae die DWsendurchlalunterbrechung
aufgehoben wird, so dml3 der Form-Hohlraum (11) mit dem Inneren des
Maschinenkorpers (22) flir die nichste Eln- 35      spritzung in Verbindung
steht, ehe der erstarrbe ortliche Abschnitt schmilzt. 11. Verfahren nsch
Anspruch 10, dadurch gekennzeichnet, dae das heiie plastizierbe Material,
des fOr den Folgeartikel doslert wird, im wesentlichen dem des Formlings
gleichwertig lst. 12. Vorrichtung zum SpritzgisBen von Artbkeln, wobel die
Vorrichtung aus: 40            einer Spritzmaschine (20) mit einem Kfrper
(22), derelnen ZyllnderzumrAufnehmen elnes erwirm- ten Kunststoffes zur
Formung elnes ersten Artikels begrenzt; einem Spritzkolben (21), derzum
Zwecke elnerAxialbewegung InnerhalbdesZyiinders angeordnet ist; einer
hohlen Erweiterung (30), welche einen vom Maschinenkorper (22) ausgehenden
Diisen- 45      durchlal (50) biidet; einer Form (10), die einen Hohiraum
(11) mit einem Steg begrenzt, wobel die Form (10) mit der Spritzmaschine
(20) kraftschlOssig verbunden lit, damit ale fiber den DOsendurchlaB (50)
mit dem Ma- schinenkorper (22) in Verbindung steht, so dae durch die
Axialbewegung des Spritzkolbens (21) der er- wirmte Kunststoffunter Druck
ab dem Korper durch den DfsendurchlaB hindurch In Richtung des Form- 50
Hohlraums elngespritt wird, und elnem Ventil (40) besatht, das an elner vom
Steg entfernt liegenden Stelle zum Zwecke einer Be- wegung relativ zum
Disendurchial (50) angeordnet 1st, um die Verbindung zwischen dem K8rper
(22) und dem Form-Hohlraum (11) zu unterbrechen und um einen geschlossenen
Raum zu bilden, welcher einen Abschnltt des Disendurchlasses (50) neben dem
Form-Hohiraum und den Form-Hohlraum (11) um- 55      faBt, so dme die
Spritzmaschine zum Starten elnes Formvorgangs frir elnen zwelten Artikl
zurVerffigung stsht, dadurch gekennzelchnet, dae derbeim SchliefBen des
Ventils (40) geblildte, geschlossene Raum 12    nur durch den
Dflsendurchlalabschnitt, das Ventil (40) und den Form-Hohiraum (11)
begrenzt wird, so daS er sin festes Volumen (X) hat, wobel das Ventil (40)
den DflsendurchleS (50) unterbricht, um ein Ver- dichtbn eines
vorbestimmten Abschnitts des eingespritzten Materials in dem feetstehenden,
geschlosse- nen Raum (X) zu bewirken, so dalB dieserAbschnilt des
verdichteten Materials einen Internen Haltedruck 5       ausUbt, um sich
gegen die Form zu dringen. 13. Vorrichtung nach Anspruch 12, dadurch
gekennzeichnet, daS ale deswelteren eine helleAngulform (15) aufweist, die
stromabwartsvom Ventil (40) angeordnetistund einenAbschnittdes
Dusendurchlasses (50) bildet. 10 14. Vorrichtung nach Anspruch 12 oder
Anspruch 13, dadurch gekennzelchnet, daB sie eine Heizeinrichtung (17; 18)
zum momentanen Erwarmen elnes Teils des Materials am Steg der Form
elnschilest. 15. Vorrichtung nach Anspruch 12, Anspruch 13 odor Anspruch
14, dadurch gskennzsichnet, daB das Volu- 15      men des Abachnitts des
DWsendurchlasses (50), der von dem Ventid (40) begrenzt wird, wenn der
DWsen- 



durchlal& unterbrochen st, im wesentlichen gleich dem des Form-Hohiraums
(11) ist. Revendications ,>  201. Procede de moulage par injection d'un
article comprenant les etapes suivantes: l chauffage, la plastification et
le dosage d'une matibre plastique pour un premier article b I'inte- rieur
du corps (22) d'une machine A Injection (20) comportant un piston
d'injection (21) et communiquant par un passage d'ajutage (50) avec une
cavit6 de moulage (11) comportant une ouverture dellmitee dans un
dispositif a moule (10); 25           I'injection du mat6riau dose au moyen
du piston A injection (21) par le passage d'ajutage (50) en direction de la
cavite du moule (11); I'application d'une premilre pression externe de
maintien sur le materiau injecti au moyen du pis- ton dOinjectlon (21) afin
de compacter le mat6riau Injecte a l'Intbribur du passage d'ajutage (50) et
de la cavit6 du moule (11); i0interruption du passage d'ajutage en un
endroit eloigne de louverture par l'utilisation de moyens formant vanne
(40), pendant quo ladite premibre pression de maintlen eat appliqu~e, afin
de cr6er un es- pace cos comprenant la cavite du moule (11) et une partie
du passage d'ajutage (50) entre la cavite et les moyens formant vanne (40);
35           au moment de ladite Interruption du passage d'ajutage,
I'application d'une seconde pression de maintien sur la portion de materiau
compacte so trouvant dans ledit espace dos ; et pendant quo le passage
d'aJutage (50) eat interrompu, le chauffage, la plastlfication et le dosage
de la matlere plastique sulvante A l'Interbeur du corps de la machine (22)
pour un article suivant, et le re- froldlssement du dispositif a moule (10)
pour geler ou solidifier le mat6riau compacte A l'int6rieur de Is <.2   4
cavite du moule sous ladite seconde pression de maintlen pour former le
premier article caracterise en ce quo I1espace dos forme apres laditb
Interruption du passage d'ajutage par les moyens formant vanne (40), a un
volume fixe (X) et en ce quo la seconds pression de mainthen eat une
presslon interne exercee par la portion du matbriau compacte elle-meme A
i'int6rieur dudit espace dos fixe (X), la seconde pression de maintien
etant automatiquement et continuement redulte au fur et A mesure de la 45
contraction du materiau compacte A i'Int6rieur de la cavite du moule
pendant le refroidissement. 2. Procd6 selon la revendication 1, caracterIse
en ce quo l'etape de maintien d'une pression Interne dure plus Iongtemps
quo I'etape de maintien d'une pression externe. 3. Procede selon Ia
revendication 2, caractbrise en ce quo l'etape de chauffage, de
plastification et de do- 50      sage de la matilre suivante a sensiblement
Ia memoe duree quo l'operation de maintien de la presslon Interne. 4.
Procede selon l une quelconque des revendications I A 3, caractrise en ce
que I'btape de refroldibsement commence des ladite Interruption du passage
d'ajutage. 5S 5. Procod6 selon l'une quelconque des revendications I A 4,
caracterise on ce quo la premibre pression ex- terieure eat une pression
non 6chelonnbe. 13    6.  Procede selon l'une quelconque des revendicatbons
I A 4, caractbrise en ce que la premire presslon ex- teireure est une
pression echelonnee. 7.  Procede selon l'une quelconque des revendicatlons
precedentes, dans lequel la partle avant du passage 5       d'ajutage est
constituee par un moule a canal chaud (15). 8 Procede solon Ia
revendlcation 7, caracterise en ce qu'll comprend en outre une etape
d'aspiration en arribre du materiau chaud restant dans ledit moule b canal
chaud (15) par dilatation mecanique (31, 32) du volume de Iespace clos (X)
avant que Is dispositlf A moule (10) solt ouvert pour degager l'article
moule, 10      mals pendant quo ladito interruption du passage d'ajutage
est maintbnue afin de soustraire le materiau 



chaud au compactage. 9. Procede solon la revendlcation 8, caracterise en ce
qu'une partie locale du matirlau chaud se trouvant sur l'orifice est
solidiflee par le refroidissement du dispositif A moule (10), et en ce quo
ladite partle locale 15      soldiFiee est fondue par la chaleur appliquee
momentanement apres quo l'etape d'aspiration en arriere solt achovee mals
Immidiatement avant une etape suivante d'1njecton. 10. Procede solon la
revendlcation 9, caracterlse en ce quo l'intrruption du passage d'ajutage
estsupprimee de manibre quo la cavft6 de moulage (11) communique avec
l'lnterieur du corps de la machine (22) pour la prochaine Injection avant
quo la partle locale solidif'lie fonde. 20 11. Procede solon la
revendication 10, caracterlse en ce quo le materiau plastiflbi chaud, dosb
pour I'article suivant, est sensiblement bquivalent A celul de l'artide
moulI. 12. Appareil de moulage par Injection d'artides comprenant: 25
une machine d'injection (20) comprenant un corps (22) difinissant un
cylindre pour recevoir une matlere plastique chauffee afin de former un
premier article; un piston d'injection (21) agence pour effectuer un
mouvement axial A l'Intirieur du cylindre; un prolongement creux (30)
formant un passage d'ajutage (50) a la sortie du corps do la machine (22);
30            un moule (10) dblimitant une cavitb (11) qui comprend une
ouverture, le moule (10) btant accouplb a la machine d'lnjection (20) de
manibre A communiquer avec le corps de Is machine (22) par le passage
d'ajutage (50) de maniere qu'un mouvement axial du piston d'injectlon (21)
injecte la matibre plastique chauffee venant du corps sous pression en
passant par le passage d'ajutage en direction de la cavite du moulage; et
35            une vanne (40) placee en un endrolt elolgnb de l'ouverture
pour subir un mouvement par rapport au passage d'ajutage (50) afIn
d'lntrrompre la communication entre Is corps (22) et la caviti de moulage
(11) et de former un espace dos comportant une partie du passage d'ajutage
(50) adjacent a la cavite de moulage, et la caviti de moulage (11) afin quo
la machine d'lnjection solt disponible pour commencer I'operation de
moulage d'un second article, 40      caractrisi en ce quo l'espace dos
forme au moment de Ia fermeture de la vanne (40) estdifinisoulement par
ladite partie du passage d'ajutage, la vanne (40) ot la caviti de moulage
(11) pour avoir un volume fixe (X), la vanne (40) Interrompant le passage
d'ajutage (50) pour faire compacter une portion predbter- minee de materiau
injectb dans ledit espace clos fixe (X) aftn quo ladite portion de matbriau
compactie exercoe une pression interne de maintion qui force ledit materiau
contre Is moule. 45 13. Appareil solon la revendlcation 12, caractbrisb en
ce qu'il comprend en outre un moule A canal chaud (15) monte en aval de la
vanne (40) et formant une partie du passage d'ejutage (50). 14. Appareil
solon 'une des revendicatlons 12 ou 13, caracteris en ce qu'il comprend un
chauffege (17; 18) pour chauffer instantanement une partie du matbriau pres
de l'ouverture du moule. 15. Appareil solon l'une des revendlcations 12, 13
ou 14, caracterisb en ce quo Is volume de ladite partie du passage
d'ajutage (50) dbfini per la vanne (40) quand le passage d'ajutage est
intbrrompu est sensible- ment le mime quo celul de la cavit6 de moulage
(11). 55 14    


