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(57) Abréegée/Abstract:

he cylinder head (8) of an Injection moulding machine has a transverse bore (20), In which Is threadedly engaged a gas
Introduction device (21) connected to a gas bottle (22), having a pressure regulator (23). The device has a body (24) which carries
a valve poppet (25) In a complementarily shaped bore (26) opening to the passage through the cylinder head. A spring (27)
normally closes the poppet valve. A control valve (28), under control of the system (7) Is provided upstream of the poppet valve.
Gas Is Introduced Into the injection chamber of the machine after suck back and before screw rotate for feeding plastics material to
the injection chamber. On Injection, the material Iis injected with the gas added to |t.
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(54) Title: GAS INTRODUCTION

(57) Abstract

The cylinder head (8)
of an injection moulding ma-
| chine has a transverse bore
(20), in which is threadedly
engaged a gas introduction de-
vice (21) connected to a gas
bottle (22), having a pressure
regulator (23). The device
| has a body (24) which car-
ries a valve poppet (25) in a
complementarily shaped bore
(26) opening to the passage
through the cylinder head. A
spring (27) normally closes
the poppet valve. A control
valve (28), under control of
the system (7) 1s provided up-
stream of the poppet valve.
Gas is introduced into the injection chamber of the machine after suck back and before screw rotate for feeding plastics material to
the injection chamber. On injection, the material is injected with the gas added to it.
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GAS INTRODUCTION

The present invention relates to a method of introducing gas into molten

plastics prior to tnjection of the material into a mould for forming an article.

In conventional injection moulding, the molten plastics material is injected
into a mould, where it solidifies and the mould i1s opened for ejection of the formed
article. Cinpres Limited has proposed, in various patents for example WO 93/23228,
to 1inject gas into the mould via a nozzle simultaneously or after the plastics matenal
to provide voids in the formed article, thus economising on the amount of plastics
material used. A similar eftect had previously been obtained by 1njection of a
blowing agent with the plastics material as described for instance in GB 2 010 168 A.
In this case the blowing agent 1s one which decomposes at a given high temperature to
release nitrogen gas. The decomposition reaction is an exothermic reaction and so this

type of blowing agent i1s known as an exothermic blowing agent.

There is a second type of blowing agent, known as an endothermic blowing
agent. These blowing agents rely on a chemical reaction to liberate carbon dioxide, or
an other gas, which then dissolves in the molten plastics material. As the gas comes
out of solution an endothermic effect occurs in the plastics material. This has the

added advantage of cooling the moulded article, which improves the mould cycle

time.

In my International Patent Application No. PCT/GB96/01706, 1 have
described use of a blowing agent to foam thick areas of an article, to a thickness
greater than that given by the mould part gap, on complete or partial opening of the
mould. Further in my UK patent application No. 9624162.5, 1 have described similar

use to foam substantially all of an article to substantially circular cross-section.

The object of the present invention is to provide a method of introducing gas,
to act as a blowing agent, which relies neither on a chemical blowing agent nor on
injecting the gas via a nozzle directly into the mould. Rather it relies on addition of
the gas to the molten plastics material in the injection moulding machine, or in a

mould in the machine upstream of the mould’s gate or point of injection of molten
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plastics material into the mould cavity. The gas 1s mixed with and will usually

dissolve into the material and be injected into the mould cavity with the plastics

material.

According to the invention there is provided a method of adding gas to molten
plastics material during each cycle of an injection moulding machine with an internal
space limited by a piston, the method consisting in the steps of:

e introducing gas into the space in front of the piston on backwards movement

of the piston,
e feeding molten plastics matenial to the space and

e applying injection pressure to the space via the piston for expulsion therefrom

of the moilten plastics material with the added gas and its injection 1nto a

moulding cavity.

Preferably, the gas is of a substance which i1s gaseous at ambient pressure and
temperature and is preferably carbon dioxide. Hydrocarbon or other gases may also
be suitable. Further, it 1s envisaged that the gas could of a substance which 1s liquid at

ambient pressure and temperature, but gaseous at the elevated temperature of molten

plastics material, such as water.

In one embodiment, the injection moulding machine has a plasticising screw
which is not adapted to reciprocate and a shooting pot having an injection piston
adapted to reciprocate in an injection chamber. In another embodiment, the injection
moulding machine has a plasticising screw which 1s adapted to reciprocate in an

injection chamber. In both these embodiments, the gas 1s introduced into the injection

chamber during each cycle of the machine.

Normally, the injection pressure is reduced after injection to a holding
pressure before the mould cavity is opened and the pressure in the injection chamber -
1s reduced below the holding pressure for introduction of the gas into the injection
chamber. Additionally 1t is likely that the gas will be introduced during or subsequent

to decompression or suck-back, following injection and application of holding

pressure.
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Two alternative methods are envisaged for actual introduction of the gas. For
both, the gas is initially at elevated pressure. In the first alternative, on introduction
the gas drives the injection piston or plasticising screw back by a controlled amount
due to the elevated pressure. In the second alternative, the injection piston or
plasticising screw is drawn back by a controlled amount, by the machine’s mechanism
for reciprocating the piston or screw, whereby a controlled amount of gas 1s
introduced 1nto the injection chamber. In both alternatives, a controlled amount of
gas 1s introduced into the injection chamber. Further, in both alternatives, the gas can
be introduced at its storage pressure or at a iower pressure to which the gas is reduced
by a regulator. Preferably, the pressure i1s lowered for the second alternative, whereby
the amount of gas introduced can be closely controlled. It should be noted that ability
to introduce the gas at storage pressure or lower 1s a significant advantage, both in

terms of ease of metering and the avoidance of the need for a pump.

Conveniently, the stroke by which the injection piston or plasticising screw is
driven or drawn back 1s at least partially taken up again after gas introduction by
application of back pressure. This compresses the gas into a fraction of its orniginal
volume and begins to urge it into solution 1n the plastics material. The back pressure
is then maintained during wind back and feed of the plastics matenial into the

chamber. During this step, the plastics material 1s mixed with the gas by formations

on the front of the screw.

The gas can be introduced directly into the injection chamber to the side of a
cylinder head of the injection chamber remote from the moulding cavity.
Alternatively, the gas can be introduced to the injection space via the cylinder head or
a nozzle between the cylinder head and a mould tool incorporating the moulding
cavity. It is also conceivable that the gas could be introduced axially of the
plasticising screw. In another alternative, the gas can be introduced to the injection

space via a flow channel in a mould tool incorporating the moulding cavity.

Where the gas is introduced axially of the screw, it 1s conceivable that it might

be introduced intermittently during wind back and/or at the end of wind back. Such
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introduction would be to differing parts of the melt, with a view to distributing the gas

in the charge of gas and melt.

After charging of the chamber, the back pressure 1s preterably increased to a

higher pressure, with the shut-off valve still closed, to aid dissolution of the gas in the

melt.

Either the cylinder head can have a shut-off valve or the mould tool can have a

mechanical shut-off gate. In either case, the valve or the gate is preferably closed

during gas introduction.

Preferably the gas and the melt are mixed or further mixed during injection by

passage through a mixer.

Two devices are envisaged for introduction of the gas, namely a non-return
poppet valve, opening into the injection chamber, or the cylinder head, or the nozzle,
or a flow channel in a mould tool, and a control valve between the poppet valve and a
source of gas. The other device is a controllable inlet valve, opening into the 1njection
chamber, or the cylinder head, or the nozzle, or a flow channel in a mould tool. The
controllable inlet valve can obturate the cylinder head or the nozzle or the flow

channel 1n a mould tool when open.

According to another aspect of the invention there is provided an injection
moulding machine for performing the method of the invention, the machine having a
control system incorporating an auxiliary output adapted and arranged to actuate
means for introducing gas into the space in front of the piston on backwards

movement of the piston.

The gas introduction means can be incorporated with the machine and

COMprises:

e a source of gas at elevated pressure, preterably having a pressure reguiator,

e a control valve connected to the source of gas for controlling flow therefrom,

the valve being controiled by the auxiliary output and
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4 non-return poppet valve connected to the control valve, the non-return
poppet valve being mounted in a wall of the Injection chamber, the cylinder
head or the nozzle of the machine and arranged to admit gas to the injection

chamber when the control valve is open and the gas pressure is sufficient to

overcome the opening resistance of the poppet valve.

Alternatively, the gas introduction means can comprise;

a source of gas at elevated pressure, preferably having a pressure regulator,
and

an controllable inlet valve connected to the source of gas for controlling flow
therefrom, opening of the valve being controllabie by the auxiliary output, the
valve being mounted in a wall of the injection chamber, the cylinder head or

the nozzie of the machine and arranged to admit gas to the injection chamber.

Preferably the injection moulding machine inciudes a plasticising screw ring

valve adapted to remain closed when drawn back. This has the advantage of enabling

gas to be drawn into the injection chamber without plastics material flowing past the

ring valve into the space intended to be filled with gas.

has:

In the preferred embodiment, one of the ring and a nose piece of the screw

at least one L-shaped groove, the long limb of the L being substantially
aligned with the screw and the short limb being set at a shallow screw angle,

and the other of the ring, and the nose piece has

a corresponding number of pins engaging in the groove(s);

the arrangement being such that:

on injection the plastics material in front of the ring valve causes the pin(s) to

travel along the short limb(s) away trom the long limb(s) to allow the valve to

close.

on gas introduction, particularly when the screw is drawn back, the ring valve

remains closed and

on wind back of the screw to feed plastics material. drag between the barrel of

the screw and ring valve causes the pin(s) to travel back along the short
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limb(s) and into the long limb(s) to allow the valve to open and the plastics

material to flow past the valve.

As an alternative to the gas introduction means being incorporated with the

machine, 1t can be incorporated with the mould which then in combination with the

machine comprises:
e a source of gas at elevated pressure, preterably having a pressure regulator,

e a control valve connected to the source of gas for controlling flow therefrom,

the valve being controlled by the auxiliary output and

e anon-return poppet valve connected to the control valve, the non-return
poppet valve being mounted in a wall of a flow passage of the mould tool and
arranged to admit gas to the injection chamber when the control valve is open

and the gas pressure is sufficient to overcome the opening resistance of the

poppet valve.

Alternatively the combination can comprise:

e a source of gas at elevated pressure, preferably having a pressure regulator,

and

e an controllable inlet valve connected to the source of gas for controlling flow
therefrom, opening of the valve being controllable by the auxiliary output, the
valve being mounted in a wall of a flow passage of the mouid tool and

arranged to admit gas to the injection chamber.

According to a third aspect of the invention there i1s provided the tool of the

above combinations.

The method of the invention may be incorporated in a method of forming a
moulded article as described in my International Patent Application No.
PCT/GB96/01706 or my UK patent application No. 9624162.5. Alternatively, the gas
dissolved 1n the plastics material may be used to blow the article to fully fill the
mould tool etther to economise on use of the plastics material or to avoid shrinkage
marks 1n the finished moulding, without alteration of the shape of the mould tbol or

the article atter opening of the mould. Further, the gas dissolved in the plastics
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material may be used merely to ease release of the moulding from the mould tool,
allowing shallower draft angles to be used. The addition of gas to the melt may be
utilised merely to provide internal cooling of the injected melt - the gas taking up

latent heat in vaporising from the formed article.

To help understanding of the invention, various specific embodiments thereof
will now be described by way of example and with reference to the accompanying
drawings, 1n which:

Figure 1 is a diagrammatic, cross-sectional side view of a reciprocating screw
injection moulding machine adapted to perform the method of the invention;

Figure 2 is a similar view on a larger scale of the injection nozzle, cylinder
head and front end of the plasticising screw, when advanced 1n the injection chamber,
of the machine of Figure 1;

Figure 3 is a similar view on a yet larger scale of a gas introduction device;

Figures 4(a) to 4(e) show diagrammatically the position of the plasticising
screw, shut-off valve and gas introduction valve sequentially through the machine’s
injection cycle;

Figure S is a diagrammatic cross-sectional view of a mould tool for use 1n the
invention;

Figure 6 is a view similar to Figure 1 of a shooting pot injection moulding
machine adapted to perform the method of the invention;

Figures 7(a) & 7(b) are side views of a special ring valve for the moulding

machine of Figure 1; and

Figure 8 is a diagram of operation of the ring valve.

Referring 1nitially to Figures 1 to 4, the reciprocating screw moulding machine
| shown in Figure 1 has a cylinder 2 defining an injection chamber 3, in which is
arranged a plasticising screw 4. The screw is reciprocatingly movable by an injection
piston-and-cylinder unit 5 and connected to a rotational drive unit 6. The units 5,6

and the entire machine are controlled by a computerised control system 7.

To the forward end of the cylinder 2, a cylinder head 8 is bolted. It
incorporates a shut-off valve 9 - under control of the system 7 - for closing a through

bore 10. An injection nozzle 11 is threadedly connected to the cylinder head with its
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bore 12 continuing the bore 10. The forward end 14 of the nozzle 1s domed and
engages a complementary recess in a cavity part 16 of a two part mouid tool. The

mould tool cavity is carried on a stationary platen 17 of the machine, whilst a core

part 18 is carried on a moving platen 19.

The cylinder head 8 has a transverse bore 20, in which 1s threadedly engaged a
gas introduction device 21 connected to a gas bottle 22, having a pressure regulator
23. The device has a body 24 which carries a valve poppet 25 1n a complementarily
shaped bore 26 opening to the passage through the cylinder head. A spring 27

normally closes the poppet valve. A control valve 28, under control of the system 7,

1s provided upstream of the poppet valve.

The plasticising screw 4 is conventional, having a thread 30 with a root
diameter 31 increasing towards the nose end of the screw. The latter has a nose piece
32 carrying a shuttle valve ring 33. On forwards movement of the screw, the ring
moves against a seat 34 acting to seal plastics material in front of it. On return
movement of the screw, the ring moves against nose fins 35, between which slots 36
are provided to allow the material to flow forwards. Referring to Figures 7(a), 7(b) &
8, the ring valve has an adaptation to allow it to remain closed when the screw is
drawn back. The nose piece 32, between the fins 35 and a chamfered disc 37, against
which the ring 33 seals at a complementary chamfer 38, has a portion within the ring
which has three L-shaped grooves 39 cut init. The grooves have a long limb 40
aligned with the longitudinal axis of the screw and a short limb 41 aligned at a
shallow screw angle transversely to the long limb 40. The screw angie of the short
limb 1s shallower than that of the plasticising screw, but of the same hand. Although
not used in operation, to enabie assembly as described below, the grooves have
another end limb 42 parallel to the long limb. The nng has three inwardly projecting

pins 43, which engage 1n the grooves. The front face 44 of the pins is angled at the

same angle as the screw angle of the short limbs; whilst the rear face 45 is curved.
The nose piece 1s threadedly attached to the screw as such. Before assembly thereto,
the ring 1s added, by passing the pins 43 into the auxiliary limbs 42, and on via the
short L limbs 41 to the long L limbs 40. The ring is stopped by contact with the fins

35. In this position further grooves 46 allow plastics material to flow through the

SUBSTITUTE SHEET (RULE 26)
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ring. The nose piece can now be assembled to the screw, with the interposition of the
chamfered disc 37

Whilst operation of the machine per se will be described below, it is
conventent to describe the operation of the ring valve here. From the position just
described of the pins in the long limbs — see 43 A in Figure 8 ~ on feeding of the
plastics material be the screw, they move back with the ring when the injection
pressure 1s applied. The material exerts considerable force on the front of the ring
such that although the screw angle of the short limbs is shallow, the ring moves back
and turns so that the pins enter the short limbs -- see 43B in Figure 8. The ring seals
against the disc 36. The turning of the ring is helped by the corner 47 between the
limbs being initially steeply angled (in the sense of a screw thread). After Injection,
withdrawal of the screw with turning of the screw causes the ring to stay closed.
Thus, gas can be drawn in as described below. On rotation of the screw, the ring 1s
mitially dragged by the barrel of the screw so that it turns with respect to the nose
piece and the pins move to the corner of the Ls. Feeding of the material pushes the

ring forward and the pins move into the long limbs, the starting point referred to at the

beginning of this paragraph.

Operation of the machine will now be described with particular reference to
Figures 4(a) to 4(f):

After mould opening, decompression of the plastics material in the injection
chamber 3 and the bores 10,12 and initial pull-back of the plasticising screw 4 — see
arrow 4A 1n Figure 4(a) — the shut-off valve 9 in the cylinder head 8 is closed and the
gas control valve 28 is opened, which admits gas pressure behind the poppet valve 25,
which opens. Two alternatives are now available. Either, the screw can be driven
back by the pressure of the gas from the bottle 22 as regulated 23, on release of the
hydraulic pressure in the piston-and-cylinder unit 5. The movement - see arrow 4B
in Figure 4(b) — and hence the quantity of gas entering the injection chamber can be
controlled by stopping the movement with the unit 5. Alternatively, and particularly
where a smaller, precisely controlled amount of gas is required to be admitted, it can
be regulated to a lower pressure and the screw pulled back by a desired amount —
again arrow 4B. The gas control valve 28 is then closed and the poppet valve 25

closes. The result is that the injection chamber is filled with gas in front of the screw.

SUBSTITUTE SHEET (RULE 26)
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A typical gas pressure, when the gas is carbon dioxide, is 30 to 50 bar. This pressure
will drive the screw back on the BMB moulding machine, from BMB SpA of Brescia
in Italy, on which we have carried out our development work. Gas can be introduced
at lower pressure by drawing back the screw. 1f too low a pressure 1s used, the poppet
valve may not open reliably against the resistance of plastics material in front of it. In
our prototype it is small, having a diameter of 6mm. For lower pressures, it may be

more satisfactory to use in the cylinder head the positively controlled gas inlet valve

described below in respect of Figure 5.

Next, back pressure 1s applied by the injection piston and cylinder unit 5 to
maintain a pressure of the order of 50bar in the injection chamber. Where the gas
pressure 1s significantly lower than the back pressure, the screw will move forwards
as the gas is compressed — see arrow 4C in Figure 4(c). Rotational drive 1s then
applied to the screw, feeding plastics material 50 past along the screw, past the shuttle
valve 33. The nose fins 35 act to stir the material and mix it with the gas. The latter

progressively dissolves in the plastics material.

Wind back of the screw continues against the back pressure which may be
held constant or varied, with the plastics material being fed into the chamber until the
required amount for the next injection operation is present. During wind back, the
material mixes with the gas, which continues to dissolve, and the screw moves back —
see arrow 4D in Figure 4(d). After wind back, the back pressure 1s increased to a
dissolution pressure of the order of 200bar, although i1t is anticipated that a dissolution
pressure of between 50 and 500bar may be effective. This pressure 1s maintained for
a short time (which is variable according to application). Then the cylinder head
valve i1s opened and the material is injected into the mould, with an increase in

pressure to the injection pressure of the order of 1500bar — see arrow 4E 1n Figure
4(e).

On injection, 1n accordance with the invention of my International Patent
Application No. PCT/GB96/01706, the time to mould opening 1s controlled to cause
solidification of the plastics material in the portions of the mould void corresponding
to thin wall portions of the finish formed article, namely the base 51 and side wall 52,

whilst the material in the thick wall portions, namely the rim 54 of the moulding,

SUBSTITUTE SHEET (RULE 26)
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remains centrally liquid, although skinned with solidified material. On mould
opening, the restraint on these portions is released, the gas comes out of solution
foaming the still liquid material and the cross-section is inflated, stiffening the article.
The injection pressure can be controlled to not completely pack the mould, or at least
not to pack it at high pressure, particularly in the thin wall portions, whereby some
bubble formation can occur in the thin wall portions before these portions completely
solidify (which solidification is necessary before mould opening to avoid post
opening foaming in the thin wall portions). This bubble formation is advantageous In

allowing a weight reduction in the article, in comparison with bubble-less articles

with the same wall thickness.

The method of the invention is not restricted being used in conjunction with
the invention of my International Patent Application No. PCT/GB96/01706. It may
be used in the formation of articles having a uniform wall thickness or indeed
differing wall thicknesses, to allow introduction of gas into the melt, such that bubble

formation occurs in the moulded article after injection and before mould opening.

Further, both in conjunction with the invention of my International Patent
Application No. PCT/GB96/01706 and without it, migration of the gas to the surface
of the moulding can assist in separation ot the article from the mould. Particularly,

this is useful in reducing the conventional draft angle necessary.

Turning now to Figure 5, a mould tool 100 adapted for the invention is there
shown. It has a cavity part 116 and a core part 118 and is intended to be used in a
conventional moulding machine, utilising auxiliary control outputs for controlling the
gas introduction device 121 to operate at appropriate points in the machine’s injection
cycle. The device has a gas control valve 128 controlled by one auxihary control. In
place of the poppet valve of the device 21, it has a gas introduction pin 15 1, which 1s
carried in a bore 152 in the cavity part 116. The pin is movable by a pneumatic
actuator 153 controlled by another auxiliary control. In its withdrawn position, the
distal end 154 of the pin is withdrawn into the bore 152. In its advanced position, the
pin extends across the flow channel 155 for the plastics material through the cavity
part 116. The end of the pin is domed so that 1t can completely close off the flow

channel and direct gas from it back towards the injection chamber of the injection
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moulding machine. The pin has an axial bore 156 for the gas, which leaves it via an
orifice 157. Within the orifice. at the end of the bore 156, a non-return valve 158 1s

arranged. This ensures that should any plastics material permeate the bore 152 when

withdrawn, it cannot enter and block the bore 156.

In operation, after suck back, before the cylinder head shut off valve 1s closed,
the pin is advanced. The gas control valve 128 is opened and the plasticising screw is
either blown back by the pressure of the introduced gas or withdrawn to allow the gas
to flow in. Once sufficient gas has entered the injection chamber, the pin 1s
withdrawn and the shut-off valve is closed. The plastics material 1s fed as described
above. Injection is timed to allow for the fact that the tool has two impressions 160,
fed by a hot runner 161 and mechanical shut off gates 162 operated by pneumatic
actuators 163. Also incorporated is a melt mixer 164. Thus the cylinder head shut oft
valve is opened after screw rotate and the entire flow channel and hot runner
pressurised to injection pressure. This causes any gas in the flow channel to pass into

solution. When the gates are opened, the melt passes through the mixer rendering 1t

more homogeneous and it is then injected into the two cavities 160.

The invention is not intended to be restricted to the details of the above
described embodiments. The gas introduction device may be arranged in the nozzle
of the injection moulding machine. When in the cylinder head, the device can be
placed on either side of the shut-off valve. Downstream of the valve protects the
poppet valve from some of the pressure variations during the cycling of the machine.

Upstream of the valve ensures that all the injected gas is introduced into the injection

chamber.

Again the gas introduction device may be provided in the injection chamber.

In a further alternative, where the gas is introduced via a drilling in the
plasticising screw, with the poppet valve provided at the nose of the plasticising
screw. This alternative has the advantage of being able to introduce the gas to various
portions of the injection chamber, by interrupting wind back and introducing a step of

drawing back the screw for gas introduction followed by reapphcation of back

pressure.
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The invention is not intended to be restricted to the use of carbon dioxide gas.
For instance olefin gases, such as butane, may be used, as may inert gases such as
argon. Further liquids, which are gaseous at the elevated temperatures involved in the
injection moulding process, may be used. For instance, it is anticipated that water

may be able to be used. No tests have been carried out in respect of water.

Further, the invention is not intended to be restricted to use with reciprocating
screw Injection moulding machines. Figure 6 shows an injection moulding machine
having a non-reciprocating plasticising screw 204 feeding melt to an accumulator or
shooting pot 200 with an injection chamber 203. This is provided with a gas
introduction device 228 activated for gas introduction to the shooting pot in like

manner to introduction to the cylinder head of the machine of Figure 1.
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CLAIMS

S e e e

1. A method of adding gas to molten plastics material during each cycle of an
injection moulding machine with an internal space limited by a piston, the method
consisting in the steps of:

. introducing gas into the space in front of the piston on backwards
movement of the piston,

. feeding molten plastics material to the space and

o applying injection pressure to the space via the piston for expulsion
therefrom of the molten plastics material with the added gas and its injection into a

moulding cavity.

2. A method according to claim 1, wherein the gas is of a substance which is

gaseous at ambient pressure and temperature.
3. A method according to in claim 2, wherein the gas is carbon dioxide.

4. A method according to claim 1, wherein the gas is a substance which is

liquid at ambient pressure and temperature.

5. A method according to claim 1, wherein the injection moulding machine
has an axially stationary plasticising screw and a shooting pot having an injection piston
adapted to reciprocate in an injection chamber, and wherein the gas is introduced into the

injection chamber during each cycle of the machine.

6. A method according to claim 1, wherein the injection moulding machine
has a plasticising screw which is adapted to reciprocate in an injection chamber, and
wherein the gas is introduced into the injection chamber during each cycle of the
machine.

7. A method according to claim 5, wherein the injection pressure is reduced
after injection to a holding pressure before the mould cavity is opened and wherein the
pressure in the injection chamber is reduced below the holding pressure for introduction

of the gas into the injection chamber.

8. A method according to claim 6, wherein the injection pressure is reduced

after injection to a holding pressure before the mould cavity is opened and wherein the
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pressure in the injection chamber is reduced below the holding pressure for introduction

of the gas into the injection chamber.

9. A method according to claim 1, wherein the gas is introduced during or
subsequent to decompression or suck-back, following injection and application of

holding pressure where applied.

10. A method according to claim 5, wherein the gas is at elevated pressure and
on introduction drives the injection piston back by a controlled amount due to the

elevated pressure, whereby a controlled amount of gas is introduced into the injection
chamber.

11. A method according to claim 6, wherein the gas is at elevated pressure and
on introduction drives the plasticising screw back by a controlled amount due to the
elevated pressure, whereby a controlled amount of gas is introduced into the injection

chamber.

12. A method according to claim 10, wherein the elevated pressure is a
pressure at which the gas is stored or a lower pressure to which the gas is reduced by a

regulator for introduction.

13. A method according to claim 5, wherein the gas is at elevated pressure and
the injection piston is drawn back by a controlled amount, by the machine's mechanism
for reciprocating the injection piston, whereby a controlled amount of gas is introduced

into the injection chamber.

14. A method according to claim 6, wherein the gas is at elevated pressure and the
plasticising screw is drawn back by a controlled amount, by the machine’'s mechanism for
reciprocating the plasticising screw, whereby a controlled amount of gas is introduced

into the injection chamber.

15. A method according to claim 13, wherein the elevated pressure is a
pressure lower than that at which the gas is stored and to which the gas is reduced by a

regulator for introduction.
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16. A method according to claim 14, wherein the elevated pressure is a pressure
lower than that at which the gas is stored and to which the gas is reduced by a regulator

for introduction.

17. A method according to claim 5, wherein the stroke by which the injection
piston is driven or drawn back is at least partially taken up again after gas introduction
by application of back pressure during feeding of molten plastics into the injection

chamber.

18. A method according to claim 6, wherein the stroke by which the
plasticising screw is driven or drawn back is at least partially taken up again after gas
introduction by application of back pressure during feeding of molten plastics into the

injection chamber.

19. A method according to claim 5, wherein the gas is introduced directly into
the injection chamber to the side of a cylinder head of the injection chamber remote from

the moulding cavity.

20. A method according to claim 6, wherein the gas is introduced directly into
the injection chamber to the side of a cylinder head of the injection chamber remote from

the moulding cavity.

21. A method according to claim 5, wherein the gas is introduced to the
injection space via a cylinder head of the injection chamber or a nozzle between the

cylinder head and a mould tool incorporating the moulding cavity.

22. A method according to claim 6, wherein the gas is introduced to the
injection space via a cylinder head of the injection chamber or a nozzle between the

cylinder head and a mould tool incorporating the moulding cavity.

23. A method according to claim 19, wherein the cylinder head has a shut-off

valve and wherein this valve is closed during gas introduction.

24. A method according to claim 20, wherein the cylinder head has a shut-off

valve and wherein this valve is closed during gas introduction.
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25. A method according to claim 5, wherein the gas is introduced to the

injection space via a flow channel in a mould tool incorporating the moulding cavity.

26. A method according to claim 6, wherein the gas is introduced to the injection

space via a flow channel in a mould tool incorporating the moulding cavity.

27. A method according to claim 25, wherein the mould tool has a mechanical

shut-off gate and the gate is closed during gas introduction.

28. A method according to claim 26, wherein the mould tool has a mechanical

shut-off gate and the gate is closed during gas introduction.

29. A method according to claim 19, wherein the molten plastics material
with the added gas is mixed by passage through a mixer at the cylinder head or the

nozzle or in the mould tool.

30. A method according to claim 20, wherein the molten plastics material
with the added gas is mixed by passage through a mixer at the cylinder head or the

nozzle or in the mould tool.

31. A method according to claim 19, wherein the gas is introduced through a
non-return poppet valve, opening into the injection chamber, or the cylinder head, or the

nozzle, or a flow channel in a mould tool, and a control valve between the poppet valve

and a source of gas.

32. A method according to claim 20, wherein the gas is introduced through a
non-return poppet valve, opening into the injection chamber, or the cylinder head, or the
nozzle, or a flow channel in a mould tool, and a control valve between the poppet valve

and a source of gas.

33. A method according to claim 21, wherein the gas is introduced through a
controllable inlet valve, opening into the injection chamber, or the cylinder head, or the

nozzle, or a flow channel in a mould tool.

34. A method according to claim 22, wherein the gas is introduced through a
controllable inlet valve, opening into the injection chamber, or the cylinder head, or the

nozzle, or a flow channel in a mould tool.
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35. A method according to claim 33, wherein the controllable inlet valve

obturates the cylinder head or the nozzle or an flow channel in a mould tool when open.

36. A method according to claim 34, wherein the controllable inlet valve

obturates the cylinder head or the nozzle or an flow channel in a mould tool when open.

37. An injection moulding machine for performing the method of claim 1, the

machine having gas introduction means which comprises:
. a source of gas at elevated pressure,

. a control valve connected to the source of gas for controlling flow

theretrom, the valve being controlled by the auxiliary output and

. a non-return poppet valve connected to the control valve, the non-return
poppet valve being mounted in a wall of the injection chamber, the cylinder head or the
nozzle of the machine and arranged to admit gas to the injection chamber when the
control valve is open and the gas pressure is sufficient to overcome the opening resistance
of the poppet valve,

the machine further having a control system incorporating an auxiliary output
adapted and arranged to actuate the gas introduction means to introduce the gas into the

space in front of the piston on backwards movement of the piston.

38. An injection moulding machine according to claim 37, wherein the gas
introduction means is incorporated with the machine and comprises:

o a source of gas at elevated pressure, and

. an controllable inlet valve connected to the source of gas for controlling
flow therefrom, opening of the valve being controllable by the auxiliary output, the valve

being mounted in a wall of the injection chamber, the cylinder head or the nozzle of the

machine and arranged to admit gas to the injection chamber.

39. An injection moulding machine according to claim 38, wherein the inlet

valve is adapted to obturate the cylinder head or the nozzle, when the valve is open.

40. An injection moulding machine according to claim 37, including a

plasticising screw ring valve adapted to remain closed when drawn back.

41. An injection moulding machine according to claim 40, wherein one of the

ring and a nose piece of the screw has:



10

15

20

25

30

35

CA 02285934 2004-10-04

- 19 -

. at least one L-shaped groove, the long limb of the L being substantially
aligned with the screw and the short limb being set at a shallow screw angle, and the
other of the ring, and the nose piece has

. a pin engaging in each of the L-shaped grooves;

the arrangement being such that:

° on injection the plastics material in front of the ring valve causes each pin
to travel along the short limb away from the long limb to allow the valve to close,

. on gas introduction, particularly when the screw is drawn back, the ring
valve remains closed and

. on wind back of the screw to feed plastics material, drag between the
barrel of the screw and ring valve causes each pin to travel back along the short limb and

into the long limb to allow the valve to open and the plastics material to flow past the

valve.

42. An injection moulding machine according to claim 37, wherein the gas
introduction means is incorporated in a mould tool, the machine is in combination with
the mould tool and the combination comprises:

. a source of gas at elevated pressure,

. a control valve connected to the source of gas for controlling flow
therefrom, the valve being controlled by the auxiliary output and

. a non-return poppet valve connected to the control valve, the non-return
poppet valve being mounted in a wall of a flow passage of the mould tool and arranged
to admit gas to the injection chamber when the control valve is open and the gas pressure

is sufficient to overcome the opening resistance of the poppet valve.

43. An injection moulding machine according to claim 37, wherein the gas
Introduction means is incorporated in a mould tool, the machine is in combination with
the mould tool and the combination comprises:

. a source of gas at elevated pressure, and

. an controllable inlet valve connected to the source of gas for controlling
flow therefrom, opening of the valve being controllable by the auxiliary output, the valve
being mounted in a wall of a flow passage of the mould tool and arranged to admit gas to

the injection chamber.

44. An injection moulding machine according to claim 43, wherein the inlet
valve is adapted to obturate the passage in whose wall it is mounted, when the valve is

open.
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45. An injection moulding machine according to Claim 43 in combination with

a mould tool, wherein the mould tool has a mechanical shut-off gate.

46. An injection moulding machine according to Claim 43 in combination with

a mould tool, wherein the mould tool has a mixer in its flow passage.



CA 02285934 1999-10-04

WO 98/43798 | PCT/GB98/00865

va I

g

a -
—

5

A
A V.

T
Y =

.

=L

r} #
- ii i
'w: 71
N\ I\
#
2 4]

N

b

777 "u"‘\ AAVEY. WA 3 VAV ey
WA

| &

\

Ay
WA

.
et el

\

3
Z

Xﬁ
Z
2

b 1 b . .
\ W
e b %

PN
\ e
L

A
W

A\

Lan ™ of

Ira\n\a\m\n\a\a

T A A A AL S L S0 A A A O AA
_ e

21

Y
|

‘8 E-

N

/|

o'n.‘.“
oot uiihs = §§ musng
L/ g

FIG T




99999999999999999999

WO 98/43798 | PCT/GB98/00865

2/5
FIlG 4(8} 10 3

—-*

LA b

T
9 25

FIG. 4(b) +3

SUBSTITUTE SHEET (RULE 26)



02285934 1999-10-04

CA

PCT/GB98/00865

WO 98/43798

3/5

LCL

8l1
N\

€Sl

961

=

Y7 7 7 (\t‘ \N
L l— .

i‘b:\\..&‘ 7T

AL

1Sl

g

‘4\ 5SSl

= %
=< =5

LSl

751

SUBSTITUTE SHEET (RULE 26)



PCT/GB98/00865

4/5

00

\.ﬂi“.‘,‘

-.-~

...‘.‘

/ \\\\\\\\\\\

7~

\\\\\\\\

(2222 2Ll 00 rFIrT T2 T T T o/

=S SEE S SRS SRS

A ‘.‘.“...... VAN A,

PN A o e deee o . =P A WAL AN Bt STt e drhaliain ety Akt S LABEER S b b A a4 ay e Asammmnanallarais ROV PEPVES 36 S A Ty poan mmemst a4 e taa = wme s S D

02285934 1999-10-04

CA

WO 98/43798

10¢

2914

SUBSTITUTE SHEET (RULE 26)




CA 02285934 1999-10-04

WO 98/43798 | PCT/GB98/00865

SUBSTITUTE SHEET (RULE 26)




1
.

0 31 )
1 eSS eSS NS

3 2 3 N > o

’ 7N g
N VA AR AV AN LVEVANA AWEeAY,. WA X w‘- 4}‘ S '.-

Vi g | VAT AR SR ST AT AT ATA AL WA T e ,E Ay
I!Z?’E&L@“?}E@ﬁﬁi\}ﬁ}?ﬂi-ﬁ_ !!!I‘

, 17 7

NS a
| ‘ Pe— T 23 AV NN
S 21 ﬁ@ 6 5

7 22




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

