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"Method AND SYSTEM FOR INJECTION MOLDING UTILIZING A VARIABLE

VOLUME SPILI CAVITY AND ARTICLE PRODUCED THEREBY"

Cross-Reference To Related Application

This application is related to US patent application Ser. No.
08/166 255, filed December 13, 1993, entitled: "Method and
System for Controlling a Pressurized Fluid and Valve Assembly
for Use Therein", which has the same Assignee as the Assignee
of the present invention and which is hereby incorporated by
reference.

Technical Field

This invention relates to plastic injection molding and, more
particularly, to plastic injection molding which includes a
spill cavity.

Background Art

In the plastic injection molding art, the usual challenge
facing a product designer is to design an article having
requisite strength for the product application and uniform
surface quality for satisfactory appearance, but to avoid
excessive wight, material usage and cycle time. A design
compromise must often be made between strength and plastic
thickness. A relatively thicker plastic section in the
article, such as a structural rib, will incur greater weight,
material usage, cycle time and induce sink marks and other
surface defects due to thermal gradients in the area of the
thickened section.

It is known in the plastic molding art to use pressurized
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fluid in conjunction with the plastic molding of articles as
shown in US Patent No. 5 098 637 to Hendry. The pressurized
fluid is typically nitrogen gas which is introduced into the
mold cavity at or near the completion of the plastic
injection. The pressurized fluid serves several purposes.
First, it allows the article so formed to have hollow
interior portions which correspond to weight and material
savings. Second, the pressurized fluid within the mold cavity
applies outward pressure to force the plastic against the
mold surface while the article solidifies. Third, the cycle
time is reduced as the gas migrates through the most fluent
inner volume of the plastic and replaces the plastic in these
areas which would otherwise require an extended cooling
cycle. Fourth, the gas pressure pushes the plastic against
the mold surfaces, thereby obtaining the maximum coolant
effect from the mold.

However, as the dimensions of the molded article increase,
the gas must do more work to migrate through the volume of
the mold cavity to assist in setting up the article within
the cavity. If the pressure of the gas is too great as it
enters the mold cavity, there is a risk that it may rupture
or blow out the plastic within the mold cavity, i.e., the gas
is not contained within the plastic. Thus, there have been
practical limitations in the adaptation of gas injection in
the plastic molding field.

The above-noted US patent to Hendry solves most of these
problems. In this known injection molding device the channel
connecting the mold cavity with the supplementary spill
cavity is open at all times and the volume of this
supplementary spill cavity can be modified by screwing an
insert in the form of a screw into or out of this
supplementary spill cavity to a greater or lesser extent.

This known device and the process have proven their
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practicality in many applications, but it has been determined
that in particular in the case of parts which in some
sections exhibit thicker areas, such as thicker edge areas or
webs or ribs, which alone are to be provided with a cavity,
difficulties appeared since the pressurized gas can also
penetrate into areas which are not to be hollow when
penetrating into the plastic resin previously injected into
the mold cavity, particularly in relatively thin-walled areas
so that here an unintended weakening of the component could
occur.

In addition it has been found when using the known device to
be disadvantageous that the volume of the supplementary spill
cavity cannot be adjusted to corespond to the momentary
conditions prevailing within the course of the injection
molding cycle but rather that in the best case adaptation to
varying component geometries or plastic compounds could be
effected with the injection molding device at a standstill.

As illustrated in Figures 1 - 4, another approach is to use a
fixed volume spill cavity 24 with a block pin 20 and shims 26
to control the volume of plastic going into the spill cavity
24. This approach is described in EP-Patent 3 393 315
assigned to Ferromatic Milacron Maschinenbau GmbH.

The block pin 20 serves to allow displacement of the still
fluent core of the plastic article by means of a pressurized
fluid only after the mold cavity has first been filled
completely with plastic resin. In addition, the displacement
of the still fluid plastic is to be carried out in such a way
that the remainder of the fluent core to be displaced closes
each discharge opening in a plug-like fashion in such a way
that no reduction in the wall thickness of the plastic
article takes place. Nevertheless since the displacement of
the fluent core to be displaced is effected without opposing
pressure and the volume of each shot executed by an injection
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-molding machine while injection molding plastic articles can
fluctuate from one shot to the next, this device does not
guarantee that the discharge opening will always in fact be
closed in a plug-like fashion during each shot. Neither can
closing the block pin 20 once again ensure that the discharge
opening will in fact always be closed in a plug-like fashion.
If, in addition, in this known device the shot volume of the
injection molding machine is for example greater than the
volume of the mold cavity, extreme pressure develops suddenly
when the mold cavity is full and the block pin 20 is closed
so that the injection molding machine must be able to exhibit
correspondingly high clamping power and the associated
advantages of injection molding by injecting a pressurized
gas into the plastic resin previously injected into the mold
cavity, namely the possibility of manufacturing large plastic
articles on injection molding machines with relatively low
clamping force, is no longer given.

In figure 1, the pin 20 is in its up position blocking
plastic flow from the molding in the article-defining cavity
12, through a runner 23 and into the spill cavity 24. In
figures 2 - 4, the pin 20 is in its down position allowing
plastic to go to the spill cavity 24 by the pressure of the
gas. >

However, injection molding machines do not deliver the.same
quantity of plastic shot after shot. When doing straight
compact injection molding, the cushion of plastic in front of
the screw after the mold is full and the high pressure
packing starts and it takes care of this inacurracy of the
screw ram to deliver the same quantity of plastic on each
shot (i.e., the cushion can.fall from 10 mm to 5 mm with no
difficulty in molding the compact injection molding).

However, with some parts, one does not want to pack the
molding. One wants to just fill the cavity. If one packs the



WO 96/34731 PCT/EP96/01849

molding, a strain pattern will already be in place within the
molding and the hollowing out of the part will not relieve
the strain already in place in the molding.

Figure 2 illustrates blow out in the spill cavity 24 causing
a loss of gas pressure in the molding in the article defining
cavity 21. One result of this is a possible shrinkage due to
loss of gas pressure in the molding in the article defining
cavity 21. Also, gas leakage may occur at the mold parting
line.

Figure 3 illustrates the use of too much plastic which would
result in sink marks at reference numeral 26.

Finally, figure 4 illustrates the addition of the shims 26.
However, overpacking and blow out as illustrated in figures 3
and 2, respecitively, can still occur. '

Summary of the Invention

An object of the present invention is to provide a method and
system for injection molding utilizing a variable volume
spill cavity which: (1) eliminates the need for a shut off
pin in a fixed volume shut off situation; (2) eliminates blow
out in a spill over area that causes loss of gas pressure in
the gas channel and resulting collapsing of the walls of the
gas channels; (3) eliminates inaccuracies in the screw ram to
deliver the same quantity of plastic shot after shot; and (4)
allows positive displacement of plastic into a spill cavity
to insure no blow out as in figure 2 or solid as in figure 3,
and a strain-free molding (i.e., no overpacking).

Another object of the invention is to improve an injection
molding device and a process of the nature mentioned at the
outset and to provide an injection molding device along with
a process for manufacturing a plastic article, hollow at
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least in part, with which these hollow sections can be
manufactured in a closely defined fashion with reproducibly
uniform wall thicknesses without requiring costly,
computer-supported control of the shot volume within narrow
tolerances.

In carrying out the above object and other objects of the
present invention, a method is provided for injection molding
a hollow plastic article. The method includes the steps of
injecting a quantity of fluid plastic into a mold cavity
having a shape defining at least a portion of the article;
displacing a portion of the plastic from the mold cavity into
a spill cavity having a volume flow coupled to the mold
cavity by introduction of a charge of pressurized gas into
the mold cavity; permitting the injected plastic to solidify;
venting the gas from the mold cavity; and removing the
plastic article from the mold. The improvement of the method
includes the step of allowing the volume of the spill cavity
to increase during the step of displacing to produce a
substantially strain-free hollow plastic article.

Preferably, the volume of the cavity is defined by an upper
surface of a piston reciprocally mounted in a cylinder.

In one embodiment, the method further includes the step of
increasing pressure on a lower surface of the piston and to
move the piston to an up position and wherein the step of
allowing includes the step of reducing the pressure on the
lower surface of the piston to allow the piston to move to a
down position.

Further in carrying out the above objects and other objects
of the present invention, a system ist provided for carrying

out the above-noted method steps.

Still futher in carrying out the above objects and other
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objects of the present invention, another method for
injection molding a plastic article is provided. The method
includes the steps of injectihg a quantity of fluid plastic
into a mold cavity having a shape defining at least a portion
of the article; allowing a portion of the plastic from the
mold cavity to flow into a spill cavity having a volume flow
coupled to the mold cavity; permitting the injected plastic
to solidify; and removing the plastic article from the mold.
The improvement of the method includes the step of allowing
the volume of the spill cavity to increase during the step of
injecting to produce a substantially strain-free plastic
article.

In the one embodiment, the method and system of the present
invention utilize pneumatic pressure so that when the
pressure of the plastic being injected by a screw ram
overcomes the pneumatic pressure on the lower surface of the
pneumatic piston, the piston will move downward making sure
that the molding will not see more pressure than the fill
pressure. Therefore, the hollow plastic part will be
substantially strain-free. In this way, the inaccuracy of the
screw ram to deliver the same quantity of plastic shot after
shot is compensated for..

- Still further in carrying out the above objects and other
objects of the present invention a movable partition can be
located in the supplementary, variable-volume spill cavity
which is subjected to application of force which would reduce
the volume of the supplementary spill cavity in the direction
of the mold cavity, which force, to achieve controlled
acceptance of plastic resin by increasing the volume of the
supplementary spill cavity, is greater than the force exerted
on the partition by the pressure of the plastic during the
mold cavity filling phase and which at the latest with the
start of displacement of plastic resin into the supplementary
spill cavity is less than the force exerted on the partition
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by the pressure of the gas injected into the plastic resin in
the mold cavity.

The partition can preferably comprise a slidable piston
sealed inside a bore which at the commencement of the
injection procedure is in contact with a stop which defines
the smallest possible volume of the supplementary spill
cavity, wherein the application of pressure to the piston can
preferably be effected by a pressure medium and in particular
by the pressurized gas to be injected into the plastic resin.

The force acting upon the piston, i.e. the pressure of the
gas when using gas under pressure, is to be dimensioned so
that even if plastic has already flowed into the channel for
the supplementary spill cavity during the filling of the mold
this plastic cannot pass into the latter cavity insofar as
the injection procedure for the plastic is still progressing
at a pre-determined low pressure, i.e. for as long as the
injected plastic resin adjacent to wall sections or in the
areas of the mold cavity exhibiting small cross sections has
not yet begun to solidify.

During the filling of the mold cavity and at the beginning of
the injection of the pressurized gas into the plastic resin
previously injected into the mold cavity the pressure of the
gas applied to the piston may be equal to the pressure of the
gas injected into the plastic resin. At the moment at which
the mold cavity is filled with so much plastic resin and this
plastic resin has cooled and solidified adjacent to the
inside walls of the mold cavity so that the displacement of
the still fluent plastic resin in the core can begin, the gas
pressure acting on the piston must be reduced to allow
retraction and thus displacement of the plastic resin into
the supplementary spill cavity.

If on the other hand the shot volume generated by the
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injection molding machine is greater than the volume of the
mold cavity, a portion will be displaced directly into the
supplementary spill cavity during injection of the plastic
resin in the mold cavity and the piston under pressure will
retract without there being any appreciable increase in
injection pressure so that the clamping pressure of the
injection molding machine need not be modified.

Since when injecting pressurized gas into the plastic resin
previously injected into the mold cavity the pressure of this
gas as a rule will be greater than the injection pressure for
the fluent plastic resin, it is preferable to locate a
pressure regulation valve and/or a flow control valve in a
pressure medium line communicating with the bore for the
piston. The pressure requlation valve serves to keep the
pressure of the pressurized gas acting on the piston at a
pre-determined value which is at least equal to the injection
pressure and less than the gas pressure of the gas injected
into the plastic resin previously injected in the mold cavity
so as, in this way, to achieve controlled acceptance of
plastic resin in the supplementary spill cavity while, by
means of the flow control valve, to effect controlled
deflection of the piston while plastic resin is being
accepted inside the supplementary spill cavity.

Since the gas pressure acting on the piston when the mold is
opened to demold the plastic article and the plastic which
has passed into the supplementary spill cavity has not been
reduced fully to atmospheric pressure but rather preferably
stabilizes at an adjustable value, the piston can be used as
the ejector for the plastic resin which has been displaced
into the supplementary spill cavity and solidified.

In order to keep the piston from exiting its bore in response
to the effect of the gas pressure, the piston may exhibit a
sealing gasket and a pressure relief bore extending from the
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rear face of the piston to which pressure medium is applied
to a space below the seal. As soon as the piston has
advanced far enough outside its bore to connect the pressure
relief bore with the environmental air, the gas can escape
through the relief bore so that the piston does not move any
further.

It is also possible to provide a mechanical stop holding the
piston in its ultimate position, preferably comprising a
sealed piston rod passing out of the bore for the piston, the
head of which, located on the outside, makes contact with the
stop when the piston reaches its ultimate position.

Hydraulic fluid, which is as a rule always available at an
injection molding machine, can be used as the pressurized
medium to apply pressure to the piston.

To carry out the objects mentioned at the outset and other
objects of the invention another process to manufacture a
plastic article, hollow at least in part is provided,
comprising the following steps:

- injecting a fluent plastic resin through a sprue
channel into a mold cavity,

- injecting a pressurized gas into the plastic resin
previously injected into the mold cavity, at the
latest when the mold cavity is filled with plastic
resin,

- displacing a part of the still fluent plastic resin
out of the section of the plastic article to be made
hollow and into a supplementary, variable-volume
spill cavity communicating with the mold cavity
through a channel

- against the force of a partition to which force is
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applied inside the supplementary spill cavity for
controlled acceptance of plastic resin by increasing
the volume of the supplementary spill cavity, this
force being greater than the pressure applied by the
plastic to the partition during the filling of the
mold cavity and at the latest at the commencement

of displacement of plastic resin into the supplementary
spill cavity being less than the pressure applied

to the partition by the gas injected into the plastic
resin inside the mold cavity,

- cooling and solidifying of the plastic resin,

- releasing pressure in the hollow section formed by
the injection of gas,

- demolding the plastic article and the plastic displaced
into the supplementary spill cavity.

The force acting on the partition can preferably be generated
by a pressure medium, in particular by the pressurized gas
injected into the plastic resin previously injected into the
mold cavity, the pressure of which is adjustable.

If the pressure and the volume of the gas acting on the
partition are adjusted and dimensioned in such a way that
pressure equilibrium is established on both sides of the
partition once a pre-determined volume of plastic resin has
been displaced into the supplementary spill cavity and the
partition has retracted appropriately, then exactly that
volume of plastic resin required for controlled generation of
the plastic article, hollow at least in part, will be
displaced into the supplementary spill cavity. In addition
this gas pressure, by way of the force exerted on the
partition, can be used to effect during demolding the
ejection of the plastic which had been displaced into the
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supplementary spill cavity and solidified.

Figures 5 - 7 broadly illustrate the method and system of the
present invention wherein the pin and shims 26 of figure 4
have been eliminated and replaced with a variable volume
spill cavity, the volume of which is controlled by a piston
30, the lower surface 32 of which is exposed to a gas
pressure from a control circuit (not shown therein).

Figure 5 illustrates the gas piston 30 in its up position
with the mold closed during injection of the plastic into an
article defining cavity 21 and into a runner 23.

Figure 6 illustrates the location of the plastic after it has
been injected into the article defining cavity 21 wherein
inaccuracies in shot weight delivered by the screw ram are
taken up by an upper portion of the spill cavity 24,
identified by reference letter Z. If the injection pressure
of the plastic to fill the mold is, for example, 70 bar (1000
psi) then 2 will take up the 70 bar (1000 psi) and not allow
the screw ram to go into a packing phase at a pressure much
higher than 70 bar (1000 psi). If such a pressure over 70 bar
(1000 psi) was reached, this would strain the molding in the
article defining cavity 21.

When gas is injected into the molding in the article defining
cavity 21 to create a void 34, excess plastic is discharged
into the spill cavity 24 and is taken up, the amount of which
being indicated by reference letter W in Figure 7.

The present invention admits to molding of relatively large
size structural articles for use in diverse product fields,
such as bumper having a pair of end wings for an automobile.

The above objects and other objects, features, and advantages
of the present invention are readily apparent from the
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following detailed description of the best mode for carrying
out the invention when taken in connection with the

accompanying drawings.

Brief Description of the Drawings

Figure 1 is a schematic cross-sectional view partially broken
away, of a prior art injection molding method utilizing a pin
to prevent plastic flow into a fixed volume spill cavity;

Figure 2 is a view similar to Figure 1 with a pin in its down
position and illustrationg blow out in the spill cavity due
to the lack of sufficient amount of plastic in the article
defining cavity;

Figure 3 is a view similar to Figure 2 except too much
plastic has been utilized with resulting sink marks;

Figure 4 is a view similar to the views of Figures 2 and 3
with the addition of shims located at the bottom of the spill
cavity;

Figure 5 is a view similar to Figures 1 - 4 illustrating the
method and system of the present invention but without the
use of a pin but rather including a pneumatically controlled
piston;

Figure 6 is a view similar to Figure 5 after the step of
plastic injec¢tion;

Figure 7 is a view similar to Figure 6 after the introduction
of pressurized gas into the mold cavity to form the hollow

part;

Figure 8 is a flow chart indicating the basic steps involved
in the practice of the method of the present invention;
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Figure 9 is a schematic cross-sectional view, partially
broken away, wherein the piston of Figures 5 - 7 is connected

to a stop:;

Figure 10 is a view similar to Figure 9 with the piston in

its up position;

Figure 11 is a cross-sectional view of a cylinder for use
with a piston which together define a variable volume spill
cavity;

Figure 12 is a view similar to Figure 11 including a hole in
the cylinder to supply pressurized gas to a lower surface of
the piston;

Figure 13 is a view similar to Figure 12 wherein a hole is
formed through a stop pin to supply pressurized gas to the
lower surface of the piston:

Figure 14 is a top plan view of a cylinder having an offset
hole for supplying pressurized gas;

Figure 15 is a side elevational view, partially broken away
and in cross-section, illustrating a gas passageway and gas
pipe for allowing gas to enter and exit the cylinder:

Figure 16 is an end view taken along lines 16-16 of Figure 15
and illustrating the gas pipe in a cut in the mold;

Figure 17 is a schematic diagram of a gas control circuit for
controlling the flow of gas to and from the cylinder;

Figure 18 is a schematic cross-sectional view, partially
broken away, wherein an ejector pin is illustrated to eject
solidified plastic after it is pulled out of the spill
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cavity;

Figure 19 is a schematic cross-sectional view, partially
broken away, wherein an air spring is utilized in the system
of the present invention:;

Figure 20 is a schematic view of another embodiment of an
injection molding device used to manufacture a plastic
article, hollow at least in part, with a sectional view of a
mold; and

Figure 21 is a partial sectional drawing of a mold for
another plastic article, hollow at least in part, with
modified injection of the gas and with another channel
between the mold cavity and the supplementary spill cavity.

Best Mode for Carrying oOut the Invention

Figure 8 is flow chart of the steps involved in practicing
the process of the present invention.

In step 110, a quantity of molten plastic is injected from an
injection molding machine into the article defining mold
cévity 21 (i.e., Figures 5 - 7). The plastic may be most
thermoplastics and works particularly well with glass or
mineral filled thermoplastic polyester, commonly known by the
trademark Valox of General Electric Co. The quantity is
sufficient to fill the mold cavity and partially fill the
spill cavity 24 as illustrated in Figure 5. Prior to plastic
injection, the piston 30 is in its uppermost position as
illustrated in Figure 5 due to gas pressure on its lower
surface 32.

Fig. 6 shows how the piston 30 moves down to take up any
excess plastic (i.e., "2") during plastic injection.
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In step 112 (i.e., Figure 7), a charge of pressurized gas is
introduced into the mold upon substantial completion of the
injection of the quantity of molten plastic.

In step 114, the gas flow into the mold is maintained in
pressure and duration in amount and time sufficient to
displace a controlled quantity of plastic from the article
defining mold cavity into the spill cavity 24 which is flow.
coupled to the mold cavity 21 by the runner 23. This causes
an additional amount of plastic "W" to flow into the spill
cavity 24. The gas tends to displace the hottest, most fluent
plastic in the central portion of the mold cavity.
Consequently, the molded plastic article has a hollow
interior where the least viscous plastic has been displaced.
The presence of the gas affords savings in weight and
material usage. Added benefits include enhanced surface
quality due to be outward pressure exerted by the gas, and
reduced cycle time due to displacement of the relatively hot
plastic from the central portion of the article.

In step 116, the article is permitted to solidify within the
mold cavity 21 while the internal gas pressure is maintained.

In step 118, the pressurized gas is vented from the interior
of the molded article preparatory to opening the mold.
Numerous ways of venting are possible such as described in
the US patent to Friederich 4 101 617.

In step 120, the plastic article is removed from the mold.

In step 122, the purged or displaced plastic is removed from
the spill cavity 24 or reservoir. The piston 30 is pushed
upward in the spill cavity 24 by pressurized gas. If the
piston 30 has a stop secured thereto, the stop prevents the
piston 30 from exiting the mold. In certain cases, steps 120
and 122 can be the common operation of ejecting the moldings
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so formed from the article defining cavity 21 and the spill
cavity 24.

Referring now to Figures 9 and 10, there is illustrated a
second embodiment of a piston 130 reciprocally mounted within
a cylinder 132 which together define a variable volume spill
cavity 134 flow coupled with an article defining cavity 136
via a runner 138. The piston 130 is shown in Figure 9 in its
down position in which the spill cavity 134 may be filled
along its X dimension with plastic waiting to be ejected.

Figure 10 illustrates the piston 130 in its up position
wherein a mold parting line 140 of the mold is shown and
wherein approximately 1 mm (exaggerated) is shown as a space
between a stop 142 of a stop pin, generally indicated at 144,
which is threadedly secured at its opposite end to the piston
130. Typically, the piston 130 is in its up position as
illustrated in Figure 10 during plastic entry into the mold.

The method and system of the present invention can be
practiced with or without the use of a positive stop.

Referring now to Figure 11, there is illustrated one possible
gas entry position into a cylinder 132’ at 134’ when no
positive stop is utilized for the piston 130.

As illustrated in Figure 12, an alternative location for a
gas entry hole through a cylinder 132/’ is at a position
134’ formed in a curved wall of the cylinder 132’’. A hole
1367’ may be formed in the side of the mold for a gas pipe
138/’ for gas entry and gas exiting.

Figure 13 illustrates another embodiment wherein a recess
13577’ is formed at the lower surface of a piston 130’’’ to
allow gas to act on the lower surface. Gas flows through a
stop pin, generally indicated at 144’’’, along its
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longitudinal axis to a gas hole 137’’’ in fluid communication
with a second transversely extending hole 134’’’ in fluid
communication with the recess 135’’’. In the embodiment of
Figure 13, a flexible hose (not shown) is required to
communicate gas to the stop pin 144’’’ at its stop 142’‘’.

Referring now to Figure 14, there is illustrated the offset
cylinder hole 150 to allow room for a gas line to be machined
on the thick edge portion of the wall of the cylinder 152.
This embodiment may be used with or without a positive stop.

Figure 15 is a side elevational view of the cylinder 152 in a
mold 154 illustrating how fluidly communicating holes 150 and
156 may be plugged by plugs 158 and 160, respectively. A gas
pipe 162, as is further illustrated in Figure 16, is shown
positioned in a cut 164 formed in the mold.

Referring now to Figure 17, there is illustrated an example
of a gas or pneumatic control circuit, generally indicated at
166, for use with the method and system of the present
invention. The control circuit 166 includes a directional
valve 168 coupled to a gas source 170. The directional valve
168 is also connected to a pressure reducing valve 172 which
is fluidly coupled to the spill cavity 134 defined by the
cylinder 132 through a check valve 174. The spill cavity 134
is also fluidly coupled to a vent valve 176 as well as to
directional valve 178. The directional valve 178 is also
coupled to a second pressure reducing valve 180.

Referring to Figures 9, 10 and 17, initially the directional
valve 168 is energized after the mold closes and before
plastic injection starts. Pressure from the pressure reducing
valve 172 pushes the piston 130 within the cylinder 152
upward to its fully up position. Then the plastic is injected
into the article defining cavity 136. When the plastic
injection is stopped, valve 178 is energized and valve 168 is
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deenergized. This sets the pressure that the piston in the
spill over 134 will be able to absorb or accept from the
plastic being pushed from the thick section of the article
defining cavity 136 through the gate 138 into the spill
cavity 134.

When gas pressure is injected into the molding in the article
defining cavity 136, it is greater than the gas pressure on.
the lower surface of the piston 130. Therefore, the piston
130 will move downward until the pressure on both faces of
the piston 130 equalize. Then, the gas pressure on the lower
surface of the piston 130 is maintained.

When the pressure of the gas injected into the molding
equalizes with the gas pressure on the lower surface of the
piston 130, no more plastic can go into the spill cavity 134.

After the part has set-up in the article defining cavity 136,
the gas is vented by any well known method such as sprue
break or by deenergizing valve 178 and energizing the vent
valve 176 to vent the gas from the lower surface of the
piston 130.

As the mold is opened, valves 168 and 180 are deenergized and
energized, respectively, with valve 180 being set lower in
pressure than valve 172. The valve 180 controls the piston
130 so that it will start to move upward, thereby ejecting
the solidified overflow plastic from the spill cavity 134.
When the piston 130 reaches the top of the spill cavity 134,
valves 168 and 178 are deenergized. At this point, the system‘
is ready for the next cycle.

Preferably, the pistons 30, 130, 130/’ and 130’’’ include gas
seals 31 (Figures 5 - 7), 131 (Figures 9 - 10), 131’’ (Figure
12) and 131’’’ (Figure 13), respectively. Also, preferably,
gas seals 133 (Figures 9 - 10), 133’ (Figure 12) and 133’/
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(Figure 13) are disposed in their respective cylinders 132,
132’ and 132’’’ about their respective pin stops 144, 144‘’’
and 144°'’7,

As the injection unit varies in shot size, the length of
movenent of the pistons 30, 130, 130’7 and 130’’’ varies to
compensate for the shot size variance.

Also, pressure equalization between the pressure of the gas
in the molding within the article defining cavity 21 and the
pressure of the gas on the lower surface 32 of the piston 30
is one of the important features of the present invention.
When the pressures are equal, there is no movement of the
piston 30 in the spill cavity 24. Also, the system may be a
closed system in which no gas is added and no gas is vented.

The cylinder 132 may comprise a hardened steel bushing
inserted into the mold and may particularly comprise a
standard D.M.E. shoulder pin bushing which is hardened and
precision ground. Multiple bushings or steel tube spacers may
be used with O-rings sealingly positioned therebetween if a
larger cylinder is required in order to obtain additional
volume to receive the plastic from the article defining
cavity 136.

Preferably,‘the piston 130 comprises a fine grain gas piston
and which may include a gas safety outlet which extends from
the lower surface of the piston 130 to a side wall surface of
the piston 130 to prevent the piston 130 from exiting the
mold if a stop pin such as the stop pin 144 is not provided.

Many different methods may be utilized to introduce a charge
of pressurized gas into the article defining cavity 21. For
example, a gas pin may be located adjacent the thick section
of the mold as illustrated in Figures 5 - 7 to insert gas
therein.



WO 96/34731 PCT/EP96/01849
- 21 -

0il pressure may be utilized instead of gas pressure in order
to exert fluid pressure on the lower surface 22 of the piston
30. However, it is preferred to have nitrogen gas as the
pressure on the lower surface 32 of the piston 30 since such
controllable source of gas is already utilized to form voids
34 within the molding in the article defining cavity 21.

Also, movement of the piston 30 and ejecting the solidified
plastic from within the spill cavity 24 may rupture the
runner system 23 and cause gas in the molding to escape if
one does not wish to vent the gas in the molding through a
gas pin located adjacent the article defining cavity 21.

Referring now to Figure 18, there is illustrated a piston
130’7’’’ in a cylinder 132/’’’ having an aperture 182’’‘’ for
allowing pressurized gas at a lower surface of the piston
130’777, The variable volume of a spill cavity 1347’’’ is
shown filled with solidified plastic.

A spill over puller 184’’’/ mounted at one end of an ejector
pin 182/’’’ pulls the solidified plastic out of the spill
cavity 134/’’’ and the ejector pin 186’’’’ ejects the plastic
after it is pulled out of the spill cavity 1347777,

Referring now to Figure 19, there is illustrated a
conventional air spring 188 which may be utilized with a
piston 234 instead of the pneumatic control circuit 166. The
piston 234 is mounted in a hardened bushing such as a guide
post bushing 232. The bushing 232 is mounted on a second
bushing 236 which is sealed by a rod gas seal 238. A piston
down stop 240 prevents downward movement of the piston 234. A
gas seal 242 seals the down stop 240. A connector 244 allows
gas to flow through an aperture 246 to a hole 248 in the
piston 234.
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The following steps are utilized in practicing the method and
system of Figure 19:

1.
2.

3.

Piston 234 is up when mold closes.

Pressure on piston 234 is equal to the plastic
injection pressure.

During injection of plastic, the plastic in excess
of what is required to fill the molding will go
into the spill over defined by the bushing 232
only at the pressure of injection. This eliminates
(a) overpacking of molding and (b) inaccuracy of
injection unit to deliver same quantity of plastic
on each shot. The gas pressure set on the air
spring 188 will stay constant and not increase as
plastic enters, as it is coupled to a gas relief
valve (not shown) set at the injection pressure.
When gas is injected into the molding, the
pressure on the piston 234 is reduced
automatically to, for example, one-half of gas
injection pressure.

. As the pressure now on the piston 234 is locked

in, as the plastic is pushed into the over flow
area, the pressure on the piston 234 will incerase
in direct proportion to its downward movement.
When the pressure from gas injection equalizes
with the trapped pressure on the piston 234, no
more movement of plastic into the spill over will
occur. If not enough plastic goes into spill over,
either reduce pressure on the piston 234 or
increase pressure of gas injection. If too much
plastic goes into the spill over, just reverse the
above (i. e.; put more pressure on the piston 234
or decrease gas inlet pressure). |

Open mold and eject spill over material in the
bushing 232 out by putting pressure on the piston
234. The piston 234 will not leave the bushing 232
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as the air spring 188 will have reached its
maximum stroke when the topmost surface of the
piston 234 is flush with the parting line of the
mold. This design also eliminates the need for a
shut-off pin between the article defining cavity
and the spill over. This design further eliminates
overpacking of the mold cavity and takes care of
the inaccuracies of the screw to deliver precise.
shot weights on each cycle.

With reference to Figure 20 of an injection molding device
for producing a plastic article 337, hollow at least in part,
two halves of the mold 322, 324 are shown, between which a
parting plane 323 is present. Integrated into the one mold
half 322 is an additional spill cavity 325 in the form of a
cylindrical bore 327 starting at the parting plane 323 and
ending inside the mold half 322. A piston 329 is guided
slidably inside the bore 327 and is sealed vis-a-vis the bore
327 by means of a gasket ring 331.

Located inside the mold half 324 is a mold cavity 336 which
can be filled with fluent plastic resin delivered by an
injection nozzle through a sprue channel 334 and a bore 330
in a bushing 328. A pressurized gas line 339 is connected at
a bore 332 in the bushing 328, so that pressurized gas can be
injected through the bore 332 intersecting bore 330 and into
the plastic resin which has already been injected into the
mold cavity 336.

The mold cavity 336 communicates with the supplementary spill
cavity 325 by way of a channel 38 located in the area of the
parting plane 323. Pressurized gas can be applied to one
face of the piston 335 by way of a pressurized gas line 348.
Used for this purpose is a pressurized gas source 340 which
communicates via pressurized gas lines 356 on the one hand
via a shut-off valve or a pressure regulation valve 341 with
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the pressurized gas line 339 and on the other hand via a
shut-off valve or a pressure regulation valve 347 with the
pressurized gas line 348, which in turn continues to bore 327
and the pressurized rear face of the piston 335.

The pressurized gas can be routed from the pressurized gas
line 339 through a shut-off valve and, if appropriate, a flow
regulation valve 343 into a reservoir 345 or to the
atmosphere. The same purpose is served by a shut-off valve
349 and, if appropriate, a flow regulation valve 350 to route
the pressurized gas from the pressurized gas line 348 into a
reservoir 351 or to the atmosphere.

Since the pressurized gas is normally nitrogen, returning to
the reservoirs 345, 351 can serve to capture the discharged
nitrogen and to return it to the pressurized gas source 340
for re-use. If such re-utilization is not required or not
desired, then the nitrogen can be discharged to the
atmosphere.

To manufacture a plastic article 337 with a hollow section
344 fluent plastic resin is injected by way of an injection
molding apparatus not illustrated through the injection
nozzle 326, the bore 330 in the bushing 328 and the sprue
channel 334 into the mold cavity 336. '

During the injection of the plastic resin pressure is applied
to one face 335 of the piston 329 by opening the shut-off or
pressure regulation valve 347 and thus is located in its
upper position, indicated with dashed lines, in which the
forward face of the piston 329 is in contact with the mold
half 324 in the area of the parting plane 323.

Once a certain quantity of fluent plastic resin has been
injected into the mold cavity 336 the shut-off valve 341 is
opened and pressurized gas is injected via the pressurized
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gas line 339 and the bore 332 into the plastic resin
previously injected into the mold cavity 336.

If the injection of the pressurized gas into the plastic
resin begins before the mold cavity 336 is completely filled
with plastic resin, then the injection of the plastic is
continued until the quantity required to produce the
partially hollow article 337 has been injected. During this
continued injection of the plastic resin pressurized gas will
already be injected into the plastic resin, forming a hollow
section 344 thereby and at the same time pressing the plastic
resin against the wall surfaces 346 of the mold cavity 336.

Regardless of whether the pressurized gas is injected into
the plastic resin before the mold cavity 336 is completely
filled with plastic resin or whether the injection of the
pressurized gas only begins after the mold cavity 336 has
been completely filled with plastic resin, this means in both
cases that the pressure prevailing in the mold cavity 336 is
still relatively low so that the leading area of the plastic
resin flowing through the channel 338 connecting the mold
cavity 336 with the supplementary spill cavity 325 meets the
pressurized piston 329 and can shift it only after the
pressure in the mold cavity 336 exceeds the gas pressure
applied to the rear face of the piston 335. This gas
pressure can be requlated by way of the pressure regulation
valve 347 or the shut-off valve 349 and the flow regulation
valve 350 in such a way that the deflection of the piston 329
occurs in a regulated fashion so that controlled acceptance
of plastic resin is effected by increasing the volume of the
supplementary spill cavity 325.

Once the plastic resin has cooled and solidified in the mold
cavity 336 and in the supplementary spill cavity 325 the gas
pressure is vented from the hollow section 344 via the sprue
channel 334, the bore 330, the opening 332, the pressurized
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gas line 339, the shut-off valve 332 and the flow regulation
valve 343 at a controlled rate until substantially equivalent
pressures prevail in the hollow section 344 and the external
atmosphere. Now the two halves of the mold 322, 324 can be
separated and the plastic article 337 along with the plastic
located in the supplementary spill cavity 325 can be
demolded. The usual ejector pins can be used to demold the
plastic article 337, whereas the piston 329 is used to demold
the plastic located in the supplementary spill cavity 325,
the pressure acting on the rear face of the piston 335
causing it to function like an ejector pin.

While the plastic article 337 as per Fig. 20 exhibits a
hollow section 344 not more closely defined, it can be seen
in Fig. 21 that a plastic article 352 with a relatively thin
wall exhibits a greater wall thickness in an edge area
adjacent to the parting plane 323, which is to be blown
hollow by injecting pressurized gas. In the case of the
plastic article 342 it may for example be a elongate bumper
for a motor vehicle, the edge section 353 of which is
reinforced. In this case the mold cavity is filled »
completely with plastic resin by way of a sprue channel, not
shown. One end of the thicker edge section 353 is joined
with the spill cavity 325 by way of a tunnel channel 354,
The piston 329 is in its upper position since an adjustable
pressure has been applied to the rear face of the piston 335
via a bore 356 connected with the pressurized gas line 348.
Pressurized gas can be applied to the opposed end of the
thickened edge section 353 by way of a hollow needle 355 via
the pressurized gas line 339 connected thereto.

If in an injection cycle the injection molding machine
injects more plastic resin into the mold cavity than the mold
cavity can accept, then this excess portion of the plastic
resin will flow without any appreciable increase in the
injection pressure or in the pressure prevailing inside the



WO 96/34731 PCT/EP96/01849

- 27 -

mold cavity through the tunnel channel 354 and into the
supplementary spill cavity 325 and shifts the piston 329
against the pressure of the pressurized gas through a stroke
length corresponding to the excess volume. Now, at the end
opposite the thickened edge section 353, pressurized gas will
be injected through the hollow needle 355 into the central
area of the thickened edge, still fluent, displacing this
portion, still fluent, into the supplementary spill cavity
325 while forming a hollow section in the thickened edge
section 353.

When the valves 347, 349 shown in Fig. 20 are closed, the
shifting of the piston 329 by the plasfic resin displaced
into the spill cavity 325 will effect an increase in gas
pressure until pressure equilibrium prevails at both faces of
the piston 329. The gas pressure in the hollow space in the
thickened edge section 353 is maintained until the plastic
article 352 has cooled and solidified enough that it can be
demolded. To ensure that the plastic article 352 does not
rupture during demolding due to the gas pressure prevailing
inside it, the gas pressure is first vented at a controlled
rate through the hollow needle 355 in that the shut-off valve
342 shown in Fig. 20 is opened allowing the gas to discharge
at a controlled rate through the flow regulation valve 343.

Following equalization of pressure with the external
atmosphere or with the low pressure in a receiver container
the two halves of the mold 322, 324 are separated whereafter
the plastic article 352 can be removed from the mold and the
plastic located in the supplementary spill cavity 325 is
ejected by the piston 329 to which gas pressure is applied.

The hollow needle 355 may, if appropriate, be of a
retractable design in order not to influence the flow of the
plastic resin and to prevent clogging by the plastic resin.
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If the pressure of the pressurized gas delivered by the
pressurized gas source 340 is greater than the pressure
required to form the hollow section 344 in Fig. 20 or the
hollow space in the thickened edge section 353 in Fig. 21,
then the shut-off valve 341 may take the form of a pressure
requlation valve. If the pressure of the pressurized gas
delivered by the pressurized gas source 340 is egual to that
required for injection into the plastic resin, then the valve
341 may take the form of a shut-off valve.

The valve 342 may also take the form of a shut-off valve if
the holding pressure during the solidification of the plastic
article 337 or 352 is equal to the pressure of the gas
injected into the plastic resin which had already been
injected into the mold cavity. If the holding pressure is to
be lower, then the valve 342 can be engineered as a pressure
regulation valve so that after a certain period the lower
holding pressure can be attained using this pressure
regulation valve 342.

The valve 347 can be engineered as a shut-off valve if the
gas pressure applied to the rear face of the piston 335
during the initial phase may be equal to the pressure of the
pressurized gas delivered by the pressurized gas source 340.
In this case the gas pressure applied to the rear face of the
piston 335 will have to be set for a lower value when the
displacement of plastic resin from the mold cavity 336 into
the supplementary spill cavity 325 is to begin. The required
counter-pressure can be set in this case by a valve 349
engineered in the form of a pressure regulation valve and, if
appropriate, can be reduced by way of the flow regulation
valve 350 at a controlled rate down to atmospheric pressure
or to the pressure in the reservoir 351.

If from the very outset a lower pressure is to be applied to
the rear face of the piston 335 than that which is provided
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by the pressurized gas source 340, then the valve 347 can be
engineered as a pressure regulation valve.

If gas pressure is maintained at the rear face 335 of the
piston 329 through to the demolding of the plastic article
337 or 352, then this piston 329, as previously mentioned,
acts as an ejector for the solidified plastic present in the
supplementary spill cavity 325; in this case, however, it is
necessary to prevent the piston 329 being driven out of its
bore 327 by this gas pressure when the mold halves 322, 324
are sepafated. This is achieved in the embodiment as per
Fig. 20 by way of a pressure relief bore 333, which extends
from the rear face of the piston 335 to a space below the
gasket ring 331 and which relieves the pressure at rear face
of the piston 335 as soon as the piston 329 has advanced out
of its bore 327 to the height of this pressure relief bore
333.

By contrast the piston 329 in the embodiment as per Fig. 21
exhibits a mechanical stop comprising a piston rod 357
attached to the piston 329, a head 358 attached thereto, and
a stop surface 360 on the mold half 324. The piston rod 357
is sealed against the outside by way of a gasket ring 359 and
when in the position shown in Fig. 21 the head 358 is not yet
in contact with the stop surface 360 since the leading face
of the piston 329 is in contact with a surface of the mold
half 322 at the parting plane 323. If the mold halves 322,
324 are now moved away one from the other parallel to the
axis of the piston 329 in order to demold the plastic article
352 and the plastic displaced into the supplementary spill
cavity 325, the piston 329, responding to the gas pressure
exerted on the rear face of the piston 335, will move from
its retracted position corresponding to the volume of the
plastic resin displaced into the supplementary spill cavity
325 into the position shown in Fig. 21 and beyond that until
the head 358 strikes the stop surface 360, acting thereby as
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the ejector for the plastic displaced into the supplementary
spill cavity 325 and solidified, without the piston 329 being
driven out of its bore 327 by the gas pressure and exiting
the bore.

While the best mode for carrying out the invention has been
described in detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention as
defined by the following claims.
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What is claimed is:

1. A method for injection molding a hollow plastic article

comprising the steps of:

injecting a quantity of fluid plastic into a mold cavity
having a shape defining at least a portion of the
article; ,

displacing a portion of the plastic from the mold cavity
into a spill cavity having a volume flow coupled to the
mold cavity by introduction of a charge of pressurized
gas into the mold cavity:;

permitting the injected plastic to solidify;

venting the gas from the mold cavity and

removing the plastic article form the mold, the
improvement comprising:

allowing the volume of the spill cavity to increase
during the step of displacing to produce a substantially
strain-free hollow plastic article.

The method as claimed in claim 1 wherein the volume of the
spill cavity is at least partially defined by an upper
surface of a piston which is slidably mounted in a
cylinder and having an up position and a down position and
wherein the method further comprises the step of
increasing the pressure on the piston to move the piston
to its up_positin and wherein the step of allowing
includes the step of reducing the pressure on the piston.

The method as claimed in claim 1 further comprising the
step of allowing the volume of the spill cavity to
increase during the step of injecting to produce a
substantially strain-free hollow plastic article.

4. The method as claimed in claim 2 further comprising the
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step of increasing the pressure on the lower surface of
the piston to move the piston to its up position to remove
the portion of the plastic from the spill cavity after the
step of venting.

5. An injection molded hollow plastic article produced by the
process of claim 1.

6. A system for injection molding a hollow plastic article,
the system comprising:

- means for injecting a quantity of fluid plastic into a
mold cavity having a shape defining at least a portion
of the article;

- means for introducing a charge of pressurized gas into
the mold cavity to displace a portion of the plastic
from the mold cavity into a spill cavity having a volume
flow coupled to the mold cavity; and

- means for venting the gas from the mold cavity, the
improvement comprising:

-~ means for allowing the volume of the spill cavity to
increase during the displacement of the portion of the
plastic from the mold cavity into the spill cavity.

7. The system as claimed in claim 6 wherein the means for
allowing includes a cylinder and a piston reciprocally
mounted within the cylinder which together define the
spill cavity and wherein the system further comprises
means for controlling pressure exerted on the piston
control movement of the piston within the cylinder.

8. The system as claimed in claim 7 wherein the means for
controlling includes an air spring for controlling

pressure on the piston.

9. The system as claimed in claim 7 wherein the means for



WO 96/34731 : PCT/EP96/01849

10.

11.

12.

13.

14.

15.

16.

- 33 -

controlling includes a pneumatic control circuit for
controlling pneumatic pressure on the lower surface of the

piston.

The system as claimed in claim 9 further comprising a stop
associated with one of the piston and the cylinder to
prevent movement of the piston out of the cylinder.

The system as claimed in claim 10 wherein the stop
includes a stop pin connected to the piston to move
therewith.

The system as claimed in claim 11 wherein the stop pin
includes a hole formed therein to fluidly communicate the
lower surface of the piston with the pneumatic control
circuit.

The system as claimed in claim 9 wherein the cylinder
includes an aperture therein to fluidly communicate the
lower surface of the piston with the pneumatic control

circuit.

The system as claimed in claim 6 further comprising means
for ejecting the portion of the plastic from the spill
cavity.

The system as claimed in claim 14 wherein the means for
ejecting includes an ejector pin.

A method for injection molding a plastic article

comprising the steps of:

- injecting a quantity of fluid plastic into a mold cavity
having a shape defining at least a portion of the

article;
- allowing a portion of the plastic from the mold cavity

ERGATZBLATT (REGEL 26)
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to flow into a spill cavity having a volume flow coupled
to the mold cavity during the step of injecting by
introduction of a charge of pressurized gas into the
mold cavity:

- permitting the injected plastic to solidify; and

- removing the plastic article form the mold, the
improvement comprising:
allowing the volume of the spill cavity to inrease
during the step of injecting to produce a substantially
strain-free plastic article.

The method as claimed in claim 16 wherein the volume of
the spill cavity is at least partially defined by an upper
surface of a piston which is slidably mounted in a
cylinder and having an up position and a down position and
wherein the method further comprises the step of
increasing the pressure on the piston to move the piston
to its up position and wherein the step of allowing
includes the step of reducing the pressure on the piston.

Injection molding device to produce a plastic article
(337, 352) which is hollow at least in part, with

- at least one mold cavity (336) located inside a mold
(322, 324),

- at least one sprue channel (330, 334) to inject fluent
plastic resin under pressure,

- at least one bore (332, 355) for a pressurized gas to

“inject the gas into the plastic resin previously
injected into the mold cavity (336),

- at least one additional adjustable-volume spill cavity
(325) located inside the mold (322, 324), outside the
mold cavity (336) and communicating with the same by way
of a channel (338, 354),

- a movable partition (329) inside the supplementary spill
cavity (325) and

ERSATZBLATT (REGEL 26)



WO 96/34731 PCT/EP96/01849

19.

20.

21.

22.

23.

- 35 =

- an application of force to the partition (329) reducing
the volume of the supplementary spill cavity (325) in
the direction of the mold cavity (336), this force being
greater than the force exerted on the partition (329) by
the pressure of the plastic during the filling of the
mold cavity (336) and at the latest at the commencement
of the displacement of the plastic resin into the
supplementary spill cavity (325) being less than the
force applied to the partition (329) by the pressure of
the gas injected into the plastic resin inside the mold
cavity (336).

Injection molding device according to claim 18, wherein
the partition consists of slidable piston (329) sealed
inside a bore (327).

Injection molding device according to claim 19, wherein
the application of force to the piston (329) is effected
by a pressurized fluid.

Injection molding device according to claim 20, wherein
the pressurized gas injected into the plastic resin is

used as the pressurized fluid.

Injection molding device according to claim 20 or 21,
wherein a pressure regulation valve (347) and/or a flow
regulation valve (350) is located in a pressurized fluid
line (348) connected with the bore (327) for the piston
(329).

Injection molding device according to one of the claims 20
to 22, wherein the piston (329) exhibits a gasket ring

‘(331) and a pressure relief bore (333) extends from the

rear face of the piston (335) at which the pressurized
fluid is applied to a space below the gasket ring (331).

ERSATZBLATT (REGEl‘. 26)
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Injection molding device according to one or more of
claims 18 to 23, wherein the movable partition (329) acts
as an ejector for the plastic resin displaced into the
supplementary spill cavity (325) and then solidified.

Injection molding device according to one or more of
claims 18 to 24, wherein a mechanical stop (358, 360) is
provided restricting the piston (329) at its ultimate
position within the bore (327).

Injection molding device according to one or more of
claims 18 to 25, wherein the supplementary spill cavity
(325) is located in a mold half (322) at the end of a
hollow section (344, 353) of the plastic article (337,
352) to be hollowed by applying gas under pressure, a
channel (328, 354) in the area of the parting plane (323)
between the two mold halves (322, 324) joins the mold
cavity (336) with the supplementary spill cavity (325) and
the opening (332, 355) for injecting the pressurized gas
into the‘plastic resin is located at the beginning of the
section (344, 353) of the plastic article (337, 352) to be
hollowed by applying pressurized gas.

Process for manufacturing a plastic article hollow at
least in part with the steps:

- injecting a fluent plastic resin through a sprue channel
into a mold cavity,

- injecting a pressurized gas into the plastic resin
previously injected into the mold cavity, at the latest
when the mold cavity is filled with plastic resin,

- displacing a part of the still fluent plastic resin out
of the section of the plastic article to be made hollow
and into a supplementary, variable-volume spill cavity
communicating with the mold cavity through a channel

- against the force of a partition to which force is

ERSATZBLATT (REGEL 26)
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applied inside the supplementary spill cavity for
controlled acceptance of plastic resin by increasing the
volume of the supplementary spill cavity, this force
being greater than the pressure applied by the plastic
to the partition during the filling of the mold cavity
and at the latest at the commencement of displacement of
plastic resin into the supplementary spill cavity being
less than the pressure applied to the partition by the
gas injected into the plastic resin inside the mold
cavity,

- cooling and solidifying of the plastic resin,

- releasing pressure in the hollow section formed
by the injection of gas,

- demolding the plastic article and the plastic displaced
into the supplementary spill cavity.

Process according to claim 27, wherein the force applied
to the partition is generated by a pressurized fluid, the
pressure of which is adjustable.

Process according to claim 28, wherein the pressurized
fluid injected into the plastic resin is the same gas used
to apply the force to the partition.

Process according to claim 29, wherein the pressure and
the volume of the gas acting on the partition is so
adjusted and dimensioned that after the displacement of a
pre-determined volume of the plastic resin into the
supplementary spill cavity and the appropriate retraction
of the partition, pressure equilibrium is achieved on both

sides of the partition.

Process according to one or more of claims 27 to 30,
wherein the force exerted on the partition causes the
plastic displaced into the supplementary spill cavity and
solidified during demolding to be ejected by the partition.

ERSATZBLATT (REGEL 26)
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CAVITY AND PARTIALLY FILL SPILL CAVITY 110

INTRODUCE PRESSURIZED GAS INTO
MOLD CAVITY UPON SUBSTANTIAL — - 112
COMPLETION OF PLASTIC INJECTION

y

MAINTAIN GAS FLOW INTO MOLD CAVITY FOR

CONTROLLED PURGE OF PLASTIC INTO SPILL L— 114

CAVITY WHILE ALLOWING VOLUME OF SPILL
CAVITY TO DECREASE

|

PERMIT HOLLOW MOLDED PLASTIC — ¢ 116
ARTICLE TO SOLIDIFY

|

Y
VENT GAS — <118

|

REMOVE PLASTIC ARTICLE FROM —2_ 120
MOLD CAVITY

|

Y

REMOVE PURGED PLASTIC FROM SPILL |
CAVITY WITH PISTON WHICH PARTIALLY 122
DEFINES SPILL CAVITY
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