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(57) Abstract

Moulding apparatus is disclosed which comprises transfer element (12) which has a holding cavity (14) therein for receiving a charge
of mouldable material. Mouldable material in particulate or molten form is fed into a heated passage (30) by a feed spiral (40) in a tube
(36). A plunger (42) displaces molten mouldable material along the passage (30) and into the holding cavity (14). The transfer element
(12) is then displaced to a position in which the holding cavity (14) is aligned with an opening (18) in a backing plate (16). The opening
(18) is in communication with a mould cavity (20) having the shape of the article to be produced. A second plunger (46) displaces the
charge of molten mouldable material from the holding cavity (14) through the opening (18) and into the mould cavity.
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PRODUCTION OF MOULDED ARTICLES AND
P ucl

FIELD OF THE INVENTION
THIS INVENTION relates to the production of moulded

5 articles and to apparatus for producing moulded articles.
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BACKGROUND TQ THE INVENTION

A number of different techniques are in commercial use and
by means of which articles are manufactured using synthetic plastics
materials.

The mast common technique is that of injection moulding.
Injection moulding Is capable of producing intricate articles. Because of
the high pressure which is required, an injection moulding machine must
be of very substantial strength. Likewise, the moulds that are used must
also be capable of withstanding high internal pressures.

A form of moulding which does not require such high
pressure is known as compression moulding. In this method a shot of
molten synthetic plastics material is fed Into the cavity of a female mould
part. A male mould part is then pressed Into the female mould part, the
volume of the cavity decreases and the synthetic plastics material is
forced to take-up the shape of the space remaining between the two
mould parts. The pressure generated in the cavity is lower than that
used in injection moulding. The technique is widely used for products
such as bottie caps where short cycle times and high production volumes
are required. This technique is limited insofar as the shapes that it can
produce are concerned. For example, it cannot make components with
undercuts.
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If a component is to have a constant cross section
throughout then It can be extruded. Extrusion involves the use of a die
through which the molten synthetic plastics material is forced. This
technique can, of course, only be used where the article is of constant
cross section throughout. It is thus used for producing tubes, strips and
bars.

A further known technique is thermoforming. This
technique involves placing a heated and hence softened sheet of
synthetic plastics material between two moulds and then closing the
moulds to conform the sheet to the shape of the moulds. In some
versions of this technique vacuum is applied to the underside of the
sheet to assist in drawing it down into the lower mould.

There is a need in the plastics industry for a technique
which, whilst being able to mould all the shapes that can be achieved by
injection moulding, has the ability to produce articles in larger volumes
and of larger size than injection moulding can.

Increasing use is being made in industry of ceramics, of
sintered metal and of composite materials filled with carbon and glass
fibres and the present invention seeks to provide a new method of
producing components using these materials. Injection moulding is not a
method that can be used with filled plastics as the fibres can block the
so-called pin gates through which the material fliows into the mould.

A current method of making components from ceramics
uses an injection moulding procedure but this procedure can only make

small components.

BRIEF DESCRIPTION OF THE INVENTION
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According to one aspsct of the present invention there is
provided moulding apparatus comprising a transfer element bounding a
holding cavity for mouldable material, a passags leading to said holding
cavity, means for displacing mouldable material along said passage and
into said holding cavity whilst said transfer element Is in a first position,
means for displacing said transfer element between said first position and
a second position, and a plunger for urging said mouldable material out
of said holding cavity and into a moulding cavity whilst said transfer
element Is in its second position.

The apparatus preferably includes heating means for
heating said holding cavity and also means for heating said passage.

The mouldable material can be supplied in molten form to
said passage. However, It is preferred that the apparatus Include means
for supplying mouldable material in particulate form to said passage, and
that the material be melted in the passage.

In one form the apparatus includes means for reciprocating
said transfer element along a rectilinear path between said first and
second positions. In this form said transfer element can have at least
one bore therein for receiving a reciprocable pin which has a camming
surface that is skew to the direction in which the pin reciprocates, said
surface bearing on said transfer element as the pin is inserted into the
bore to cam said transfer element in one direction between sald
positions, and means for displacing said transfer element in the other
direction between said positions as the pin is withdrawn from said bore.

In another form of apparatus said transfer element is a
shaft having a transverse bore forming said holding cavity, said shaft
being within a sleeve having first, second and third circumferentially
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spaced openings in the walling thereof, the first of said openings forming
part of sald passage, the second of said openings in use placing the
holding cavity in communication with a mould cavity and sald third
opening permitting said plunger to enter said holding cavity, the second
and third openings being diametrically opposed, sald sleeve closing—off
sald holding cavity on the opposite side thereof to sald first opening when
sald shaft is in its first position, and means for turning said shaft to
displace it between said first position in which the first opening is In
communication with the holding cavity and said second position in which
said holding cavity is aligned with said second and third apenings.

To enable the mouldable material to remain in the passage
for a sufficient time to melt, the volume of said passage can exceed the
volume of said holding cavity whereby the passage can contain a
sufficient volume of mouldable material to fill the holding cavity a number
of times.

Preferably the moulding apparatus includes a plurality of
holding cavities in said transfer element, a plurality of passages, a
plurality of means for displacing mouldable material along said passages
and into said holding cavities, and a plurality of plungers for urging
mouldable material out of said holding cavities and into one moulding
cavity or into a plurality of moulding cavities. In this form the holding
cavities can be of different volumes.

In a specific form of moulding apparatus said transfer
element is constituted by a disc mounted for turning about its centre and
having a plurality of holding cavities therein, there being a first plurality of
reciprocable plungers constituting said means for moving mouldable
material along the passages and into said holding cavities whilst said
disc is in said first position, and a second plurality of reciprocable
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plungers for urging said mouldable material out of said holding cavities
and into one moulding cavity or into a plurality of moulding cavities.

According to a further aspect of the present invention there
is provided a method of moulding which comprises displacing mouldable
material into a holding cavity whilst the holding cavity is in a first position,
moving said holding cavity from said first position to a second position,
and diécharging the mouldable material from the holding cavity into a
mould cavity whilst the holding cavity is in sald second position.

The method can include the steps of moving a first plunger
in a forward stoke along a passage to displace said mouldable material
from said passage into sald holding cavity, moving the holding cavity to
said second position, movi'ng said first plunger in a return stroke,
displacing a second plunger in a forward stroke to discharge mouldable
material from said holding cavity into said mould cavity, moving said
second plunger in a return stroke, and moving the holding cavity back to
its first position.

Preferably mouldable material is fed into said passage after
said first plunger has performed Its return stroke. The mouldable
material is preferably fed to said passage in particulate form and the
method includes the step of heating the mouldable material in said
passage. It is also desirable to heat-the mouldable material in said

holding cavity.

Preferably the method includes displacing mouldable
material into a plurality of holding cavities, and discharging said
mouldable material from said holding cavities into one moulding cavity or
into a plurality of moulding cavities.
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For a better understanding of the present invention,
and to show how the same may be carried into effect, reference wiil now
be made, by way of example, to the accompanying drawings in which:~

Figures 1 and 2 diagrammatically illustrate the operation of a first
form of moulding apparatus in accordance with the present invention;

Figures 3 and 4 lilustrate the operation of a second form of
apparatus in accardance with the present invention;

Figure 5 is a diagrammatic pictorial view of moulding apparatus in
accordance with the present invention;

Figure 6 shows components of one of the structures of the
apparatus of Figure 5;

Figure 7 shows some of the components of Figure 6 viewed from
the other side;

Figure 8 is a pictorial view of a structure in which synthetic plastics
material pellets are melted;

Figure 9 is a pictorial view of the structure of Figure 8 seen from
the opposite side;

Figure 10 is an exploded view of an hydraulically operated
mechanism,;

Figure 11 is a further exploded view of the hydraulically operated
mechanism;

Figure 12 is a pictorial view of part of a material feed system;

Figure 13 is a diagrammatic representation of the apparatus;

Figure 14 is a diagrammatic representation of a further form of
apparatus; and

Figure 15 illustrates, to a larger scale, a detail of the apparatus of
Figure 14.

DETAILED DESCRIPTION OF THE DRAWINGS



WO 98/09786 PCT/US97/15673

10

15

20

25

-7-

Referring firstly to Figure 1, the apparatus 10 {llustrated
comprises a transfer element which is in the form of a plate 12 with a
holding cavity 14 in it. The apparatus further includes a backing element
which is in the form of a plate 16 having an opening 18 therein. The
opening 18 leads into a mould cavity 20 bounded by a mould 22 having
a male mould part 24 and a female mould part 26. The female mould
part 26 is fixed to the plate 16 and the male mould part 24 is
displaceable between mould open and mould closed positions as
indicated by the doubie headed arrow A1.

Embedded in the plate 12 are heating elements 28 which
heat the holding cavity 14. The cavity 14 is in communication with a
passage 30 constituted by a sleeve 32 which is surrounded by heating -
elements 34, A tube 36 leads from an overhead hopper 38 to the
passage 30, there being a spiral 40 in the tube 36. In use the spiral 40
is rotated so as to feed mouldable material in particulate form from the
hopper 38 to the passage 30. The elements 34 melt the mouldabile
material and the elements 28 ensure that it remains in moiten form whiist
in the holding cavity 14.

A plunger 42 is displaceable in forward and return strokes
as shown by the double headed arrow A2. The length of the plunger's
stroke'is shown between lines S1 and S2. When the front face of the
plunger has moved back to S1, particulate material is fed into the
passage 30. As the front face of the plunger moves from S1 to S2, a
charge of mouldable material is moved along the passage 30 and into
the holding cavity 14.

The apparatus further includes a second passage 44 along
which a second plunger 46 moves as shown by the double headed arrow
A3. The stroke of the plunger 46 Is shown between the lines S3 and S4.
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The passage 44 is constituted by a fixed sieeve 48.

The means for reciprocating the plungers can be hydraulic
cylinders or pneumatic cylinders rotatable cams or cams which
reciprocate and have Inclined cam faces.

The sleeves 32 and 48, the plate 16 and the female mould
part 22 are fixed and carried by a frame (not shown) of the apparatus.

In the position shown in Figure 1 the plunger 42 is shown in
its forward posltioh in which it has moved a charge of mouldable material
along the passage 30 and into the holding cavity 14, The force exerted
by the plunger 42 is sufficient to pack the halding cavity 14 with molten
mouldable material and expel all the air therefrom.

The plunger 46 is in its retracted position at S3. [n this
position its front face is just clear of the face of the plate 12.

The mould parts 24 and 26 are urged against one another
to form the mould cavity 20.

The plate 12 is then displaced to the right from the position
shown in Figure 1 to the position shown in Figure 2. The holding cavity
14 moves from the position in which it is aligned with the passage 30 to
a posltion in which it is aligned with the passage 44. The portidn of the
plate 12 to the left of the cavity 14 closes-off the outlet end of the
passage 30. The plunger 42 retracts to the position S1 after the passage
30 has been blocked-off by the plate 12 and the spiral 40 feeds
mouldable material along the tube 36 and into the passage 30. The
heating elements 34 melt the mouldable material in the passage. This
material is preferably a synthetic plastics in particulate form.
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Immediately the holding cavity 14 is aligned with the
passage 44 and opening 18, the plunger 46 moves in its forward stroke
to urge the charge of mouldable material out of the holding cavity 14,
through the opening 18 and into the mould cavity 20. The front face of
the plunger 42 stops at S4 and forms part of the bounding wall of the
cavity 20.

Once the charge of material has solidified in the mould
cavity 20, the plunger 46 retracts to the position shown at S3 and. the
mould parts separate. The plate 12 returns to the position shown in
Figure 1 and thereafter the plunger 42 advances so as to re—-charge the
holding cavity 14 with molten mouldable material and thus start the next

cycle.

The passage 30 is of sufficient length to contain, for
example, sufficient mouldable material to fill the holding cavity about
thirty times. This ensures that the mouldable material is in the passage
long enough to melt. There.can also be mixing and plastification devices
in the passage as well as venting means for ensuring that the mouldable
material which reaches the holding cavity has been mixed
homogeneously and is vapour free. Such devices are well known in the
injection moulding art and will not be described in more detail herein.

In the moulding apparatus of Figures 3 and 4 the transfer
plate is in the form of a rotatable shaft 50 and the backing plate Is in the
form of a sleeve 52. The shaft 50 has a transverse bore 54 which forms
the holding cavity 14.1. The shaft 50 is within the sleeve 52 and the
sleeve has three circumferentially spaced openings 56, 58 and 60. In the
lllustrated form the openings 58 and 60 are diametrically opposed and at
right angles to the opening 56.
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Further components which are lllustrated in Figures 3 and 4
and which are equivalent to components in Figures 1 and 2 have been
designated with the same reference numerals plus the suffix “.1".

The plunger 42.1 forces molten mouldable material along
the passage 30.1 and into the bore 54,

As soon as the holding cavity constituted by the bore 54 is
packed with mouldable material, the shaft 50 is rotated through 90
degrees. This aligns the bore 54 with the openings 58 and 60, the
plunger 46.1 then being advanced from its retracted position at S3 to its
forward position at S4 thus displacing the charge Into the mould cavity.
The plunger 46.1 withdraws as soon as the plastics material in the mould
has solidified, the shaft 50 is rotated back to its starting position and the
cycle is repeated. It is understood that Figures 3 and 4 are only
illustrative and that the volume of the bore 54 is greatly exaggerated in
relation to the capacity of the mould cavity 20.

The moulding apparatus shown in Figure 5 comprises a
series of plates 62, 64, 66, 68 and 70 which are held together by rods 72
which act both as tie rods and guide rods. The plates are shown more
widely spaced than they actually are to reveal more of the construction.
The rods 72 pass through the plates close to the corners thereof, A
structure generally designated 74 is mounted on the plate 68. The plate
66 carries a structure 76 which melts the synthetic plastics material to be
moulded, the material reaching the structure 76 from an overhead hopper
78 by way of a number of tubes 80. Only five tubes 80 are shown.

.However, in this form of apparatus there are eight tubes 80.

The structure 82 feeds molten plastics material from the
structure 76 to the structure 74. An operating mechanism for the
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structure 82 is designated 84.

A cylinder 86 mounted on the plate 62 serves to rotate one
of the components of the structure 74, and the moulds into which the
moliten synthetic plastics material is forced are mounted on that side of
the plate 70 which is hidden in Figure 5.

The structure 74 (see Figures 6 and 7) comprises front and
rear steel plates 86 and 88, front and rear intermediate stee! plates 90
and 82, and a rotatable disc 94. The plates 90 and 92 and disc 94 can
be of "Teflon" (polytetrafiucroethylene) or another synthetic plastics
material such as “PEEK" (polyetheretherketone) or a metal or an alloy
with a low co-efficient of friction.

The rear plate 88 has a central hole 96 in it and a ring of
sixteen through bores 98. It also has openings 100 through which studs
can be passed. The front plate 86 has a ring of eight through bores 102
and openings 104 for receiving studs.

The intermediate plate 92 has a ring of sixteen through
bores 106, each bore being co-axial with a hollow boss 108. There is a
recess 110 in the face of the plate 92, the depth of this recess being half
the thickness of the disc 94. A central hole 112 is aiso provided in the
plate 92.

The plate S0 also has a ring of through bores 114 but this

ring of bores comprises only eight bores. Bosses 116 protrude from that

face of the plate 80 which lies adjacent the plate 86 and are co-axial
with the bores 114. A recess 118 (Figure 8) similar to the recess 110 in
the plate 82 is provided in the face of the plate 90 opposite to that from
which the bosses 116 project.
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The disc 94 has a ring of sixteen bores 120 and also has a
central non-circular central bore 122. ‘

The plates 86 and 88 have recesses 124 and 126.

The structure of Figures 6 and 7 is assembled by placing
5 the intermediate plate 92 in the recess 126 of the plate 88 so that the
bosses 108 pass through the bores 98. The bosses 108 project from the
bores 98 on the opposite side of the plate 88 to that on which the plate
92 is positioned. The disc 94 is then Inserted into the recess 110 of the
plate 92. At this stage half the thickness of the disc 94 projects from the
10 recess 110. The plates 86 and 90 are assembled in the same way as
the plates 88 and 92, the bosses 116 passing through the bores 102 and
projecting therefrom. Studs, which can either be separate elements or
can be fixed to various plates, are passed through the openings 100 and
104 to clamp the plates 86 and 88 together with the plates 90 and 92
15 and disc 94 between them. The portions of the plates 90 and 92 which
encircle the recesses provided therefor in the disc 94 form rims which
abut one another and the disc 94 is free to rotate in the cavity provided
therefor by the recesses 110 and 118.

The entire structure 74 |Is then pressed into the recess 128
20 in the plate 68. As seen in Figure 6, the plate 68 has an array of sixteen
through bores 130 which receive the bosses 108. The plate 68 also has
a central opening 132.

The structure 76 (Figures 8 and 9) is in the form of a
cylindrical metal block 134 having a central hole 136 and a ring of eight
25 larger diameter through bores 138 and eight smaller diameter through
bores 140. The bores 138 and 140 alternate with one another.
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Each larger diameter bore 138 is partly plugged at one end
by a short bar 142 of copper or other material having external fiutes 144,
The bars 142 are force fitted into bores 138. As best seen in Figure 8,
the bars 142 protrude from one face of the black 134. The flutes 144
define passages and permit moulding material to be forced from the rear
parts of the bores 138 Into the structure 74 as will be described in more
detail hereinafter. The projecting bars 142 fit in alternate bosses 108 of
the plate 92. Heating elements 146 encircling the outer surface of the
block 134 and heating elements 148 encircling the hole 136 are provided
for raising the temperature of the block 134,

Turning now to Figures 10 and 11, the structure 82 and
mechanism 84 include a first cylinder 150 which has a cylindrical side
wall 152 and an end wall 154. Sixteen through bores 156 are provided
in a circular array in the end wall 154. The end wall 154 also has a
central hole 158.

A piston 160 comprising a piston disc 162 and eight equally
spaced plungers 164 protruding from one face thereof fits into the
cylinder 150. The plungers 164 pass through alternate bores 156 in the
end wall 154. Altemnating with the plungers 164 are through bores 166
provided in the disc 162. The disc 162 also has a central hole 168.
Sealing means (not shown) encircle the disc 162 to seal between it and
the cylinder side wall 152.

A second cylinder 170 also comprises a cylindrical side wall
(designated 172) and an end wall (designated 174). There is a central
hole 176 in the end wall 174 and in addition there is an array of eight
equally spaced through bores 178 in the end wall 174.

A second piston 180 comprising a piston disc 182 with eight
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equally spaced plungers 184 fits in the cylinder 170. The disc 182 also
has a central hole 186. The sealing means between tha disc 182 and
the side wall 172 of the cylinder 170 have not been shown. The
plungers 184 pass through the bores 178 of the end wall 174, through
the bores 166 of the disc 162 and through alternate bores 156 of the end
wall 154.

A third cylinder 188 is also provided, the cylinder 188
having a cylindrical side wall 190 and an end wall 192. The end wall 192
has a central hole 194 therein. A piston 196 including a disc 198 with a
stub shaft 200 protruding from the centre of one face thereof fits into the
cylinder 188. The shaft 200 has spiral splines 202. The sealing means
between the disc 198 and the wall 190 have not been shown.

A shaft 204 (not shown in Figure 10) passes through the
central holes 194, 186, 176, 168, 158, 96 and 112 and enters the bore
122 of the disc 94. The end of the shaft 204 is of the same non-circular
shape as the bore 122. The shaft 204 has an internally grooved socket
206 which racelves the stub shaft 200. The shaft 204 can rotate but is
restrained from moving axially.

A cover plate 208 (Figure 10) closes off the cylinder 188.

There are further sealing means where the shaft 204
passes through the end walls 154, 174 and 192 of the cylinders 150, 170
and 188. There are also sealing means where the plungers 184 pass
through the bores 166 and 178 and where the plungers 164 and 184
pass through the through bores 156 in the end wall 154.

Inlets for hydraulic fluid under pressure are provided in the
cylindrical side walls 152, 172, 190. This enables hydraulic fluid under
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pressure to be supplied to opposite sides of the piston discs 162, 182,
198 so that the pistons can be reciprocated in their cylinders.

Between the rear face of the block 134 and the front face of
the end wall 154 of the cylinder 150 there is a small gap. Bridging this
gap are sixteen tubes 210 (Figure 12) each of which has a side entrance
212 for synthetic plastics material pellets. The tube 210 is stepped
externally to form a spigot 214. Each entrance 212 has one of the feed
tubes 80 connected thereto and each feed tube has a spiral therein for
feeding pellets along the tubes to the entrance from the hopper 78 to
which the other ends of the tubes are connected. Feed systems of this
type are commercially available and will not be described in more detail
herein. One such system is known as the "Transitube" system.

The spigots 214 fit into the rear ends of the bores 138.

Turning now to Figure 13, this diagrammatically illustrates
the structures 74 and 76 as well as the mechanism 82. It also illustrates
a cavity plate 216 and a core plate 218. The Figure is diagrammatic in
that certain bores are shown out of position and certain components are
shown juxtaposed whereas in fact they are separated by spaces.

The cavity plate 216 has therein a ring of eight cavities 220
each of which has for iliustrative purposes the external configuration of a
bottle cap. The plate 216 Is fixed with the entrances to the cavities 220
in register with the bosses 116 of the plate 90.

The plate 218 is reciprocable towards and away from the
plate 216 and carries a ring of eight cores 222 which move into and out
of the cavities 220. The cores 222 have the same shape as the inner
configuration of a bottle cap. Each includes a pin for forcing a moulded
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bottle cap off the core and, depending on the Internal configuration of the
cap, may be collapsible.

In use the spirals in the feed tubes 80 are switched on so
that pellets of synthetic plastics material are fed to the tubes 210 which
bridge between the structures 74 and 76. Simultaneously the heating
elements 146, 148 of the block 134 are switched on to raise the
temperature of the block to a level sufficient to melt the pellets,

Hydraulic fluid is fed under pressure to the rear face of the
piston 160 so that the piston 160 moves along the cylinder 150. The
plungers 164 slide through the end plate 154 and inta the pellet filled
tubes 210 forcing the pellets into the parts of the bores 138 behind the
bars 142. Several strokes of the piston 160 are required at start up to fill
the bores 138 with plastics material as the bores 138 each have a
capacity many times that of the bores 120. The material in the bores
138 softens as the block 134 heats up.

Once the bores 138 are full, the next forward stroke of the
plungers 164 forces molten plastics material along the flutes 144, through
alternate through bores 98 and into the through bores 120 of the disc 94.

At this stage the through bores 120 in the disc 94 are
aligned with those through bores 106 in the intermediate plate 92 through
which the plungers 164 slide but these bores of the disc 94 are not
aligned with the through bores of the plate 80. Thus alternate through
bores in the disc 94 are each filled with a charge of plastics materlal.
This charge is equal in volume to the volume of the final prodﬁct.

The plungers 164 are retracted by feeding hydraulic fluid to
the other side of the piston 160. The plungers 164 withdraw sufficiently
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far to clear the entrances 212 to the tubes 210 so that the spirals can
feed further pellets into the tubes 210. Thus in use each reciprocation of
the plungers 164 feeds eight charges of material into eight of the through
bores 120 in the disc 94.

Whilst both the plungers 164 and 184 are withdrawn,
hydraulic fiuid is fed to the one side of the piston disc 198. The shaft
200 thus moves in a forward stroke or a rearward stroke. The splines
202 on the shaft cause the shaft 200 to rotate through twenty two and a
half degrees. This is sufficient to rotate the disc 94 to a position in which
the empty through bores 120 in the disc 94 are aligned with the bores in
the plate 92 through which the plungers 164 slide and are closed-off by
the plate 90. Simultaneously the filled through bores 120 in the disc 94
are alighed with the bores 114 in the plate 90.

On the next forward stroke of the plungers 164 the empty
through bores 120 of the disc 94 are filled with molten material.

The plungers 184 move further in the forward direction than
do the plungers 164 as they have to pass through all the plates 86, 88,
80 and 92 and also through the disc 94. The plungers 184 are at this
time aligned with those through bores 120 of the disc 94 which were
previously filled with molten plastics material. This is because the disc
94 has been rotated to bring the filled bores 120 into alignment with the

plungers 184.

The cores 222 are at this time in the cavities 220 and the
plate 218 clamped by hydraulic pressure to the plate 216.

Hydraulic fluid under pressure s then supplied to the rear
face of the piston 180 to force the piston 180 and plungers 184 in a
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forward strake. The plungers 184 slide through the aligned through
bores in the plates 86, 88, 80, 92 and disc 94 until the leading ends of
the plungers 184 are flush with the interface between the plate 86 and
the plaie 92. The charge of molten material is thus forced into the cavity
220, put under moulding pressure and moulded to shaps. The front
faces of the plungers 184 form parts of the walls of the cavities.

The plungers 184 are then withdrawn by feeding hydraulic
fluid to the other side of the piston 180. The plungers 184 only have to
be withdrawn until their leading ends are just clear of the disc 94, As
soon as this stage has been reached the shaft 204 is rotated through
22.5 degrees in the oppasite direction by feeding hydraulic fluid to the
other side of the piston disc 198. This brings eight further charges of
molten synthetic plastics material into alignment with the plungers 184,
and eight now empty through bores in the disc 94 into alignment with the
plungers 164,

The cycle described is then repeated.

As the plungers 184 withdraw, the cores 222 withdraw into
the plate 218, having previously collapsed If this Is the type of core used.
Simultaneously, the plates 216 and 218 separate to enable the moulded
product to be ejected by means of the ejector pins. The plates 216 and
218 then move together and are clamped, the cores 222 move Into the
cavities 220 and the plungers 184 move in the forward direction once
more to force eight further charges of plastics material into the cavities
220.

Instead of there being ejector pins carried by the cores 222,
the arrangement can be such that the caps remain in the cavities 220
and are ejected by portions of the plungers 184 which move forward at
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the end of the moulding cycle.

If an air feed pipe Is provided down the centre of each
plungers 184 and into the respective cavity, the molten synthetic plastics
material can be blown to a hollow shaps.

It is also possible for each piungers 184 to be hollow over a
short part of the length thereof just behind the front face that forms part
of the wall of the cavity. The hollow interior of the shaft is connected to
the cavity by a multitude of small holes. Pins within the hollow interior of
the shaft normally block off these holes. The hollow interior of each shaft
is connected to a source of colouring material under pressure. Means
are provided for withdrawing the pins from the holes for a brief period at
the end of each moulding cycie so that the colouring material can squirt
through the holes onto the top surface of the formed cap.

By appropriately arranging the smal! holes, a design and/or
words can be "painted" onto the exterior of the face of the cap in the
manner of a dot matrix.

If the material being moulded is a powdersd metal eg
aluminium that is thereafter to be sintered or a ceramic which is
thereafter to be fired, the heating means of the block 134 can be omitted.

The disc 94, instead of oscillating back and forth through
22.5 degrees, can rotate stepwise in the same direction.

In a further form of apparatus according to the present
invention, as shown in Figures 14 and 15, the transfer element 224 is
reciprocable as shown by double~headed arrow A4, in a gap bounded
between front and rear plates 226 and 228. The front plate 226 has
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therein an opening 230 forming part of the passage 30 immediately
adjacent the element 224 and also has therein an opening 232 for
receiving a plunger 234. The rear plate 228 has an opening 236 Ieading
to the female cavity in a mould plate 238. The male mould 240 is
mounted on a further mould plate 242. The hydraulic means for
clamping the plates 238 and 240 together have not been shown. All the
plates 224, 226 and 228 can be of "Tefion" or any other low friction, low
surface tension material.

An extruder barrel and screw 244 and 246 form means for
feeding molten mouldable material to the holding cavity which is
designated 248 and is in the element 224,

The plunger 234 is moved in forward and return strokes by
an hydraulic cylinder 250 and is guided for rectilinear movement by a pair
of bushes 252 which slide on a guide rod 254.

Stops (not shown) limit movement of the plunger 234
between a forward position at S4 in which its front end is flush with the
face of the plate 238 and thus forms part of the wall of the mould cavity
and a retracted position in which its front end is at $S3 and hence clear of
the element 224.

To enable a moulded cap to be ejected from the mould
cavity, the plate 242 moves away from the plate 238 and the plate 238
moves away from the plate 228. A pin (not shown) forming part of the
male mould forces the cap off the male mould so that it drops down
between the plates 228 and 238,

If reference is made to Figure 15, there is shown a pin 256
which has a camming surface 258. The pin Is secured to the plate 242
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and enters a bore 260 in the element 224, A spring or fluid cylinder (not
shown) displaces the element 224 to the paosition shown in Figure 14. As
the mould closes, the pin 256 enters the bore 260 and its camming
surface 258 moves the element 224 to the right as viewed In Figure 14.
The pin 256 thus forms not only the means for displacing the element
224 but also the means for locating the element 224 In exact register
with the opening 236 and plunger 234. Two or more pins and bores are
provided.

Cooling means, eg water Jackets and a supply of chilled
water, can be provided in association with the mould cavity for the

purpose of shortening the cycle time.

Whilst all of the illustrated forms of apparatus have been
described as having a single holding cavity, it is desirable to provide a
multitude of holding cavities and a multitude of plungers. The plungers
can displace plastics material to one moulding cavity or a plurality of

moulding cavities.

In the first form one component having a volume equal to
the total of the volumes of the holding cavities can be made. In a
second form a plurality of identical or different components can be
formed. For example, all the components for one article can be
produced in a single cycle. Because each holding cavity is individually
supplied with mouldable material, the components can be of different
plastics and/or can be of different colours.

As none of the forms of apparatus described include narrow
gates, sprues and runners that block easily, it is believed that a much
wider range of materials will be mouldable in the apparatus described
that can be moulded with currently available injection moulding machines.
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For example, as there are no pin gates that can be blocked, it is belleved
that synthetic plastics materials with fibres dispersed therein can be
moulded. Provided the materials used in the construction of the
apparatus are able to withstand the temperatures which must be

5 attained, it is believed that the moulding of glass articles will be possibie.
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CLAIMS:
1. Moulding apparatus comprising a transfer element bounding

a holding cavity for mouldable material, a passage leading to sald holding
cavity, means for displacing mouldable material along said passage and
into said holding cavity whilst said transfer element Is in a first position,
means for displacing sald transfer element between said first position and
a second position, and a plunger for urging said mauldable material out
of sald holding cavity and into a moulding cavity whilst said transfer
element is in its second position.

2. Moulding apparatus as claimed in claim 1, and including

heating means for heating said holding cavity.

3. Moulding apparatus as claimed in claim 2 and including
further heating means for heating said passage.

4. Moulding apparatus as claimed In claim 3, and including
means for supplying mouldable material In particulate form to said
passage.

5. Moulding apparatus as claimed in any one of claims 1 to 4,

wherein said means for displacing mouldable material along said
passage Is a further plunger.

6. Moulding apparatus as claimed in claim 1, and including
means for reciprocating said transfer element along a ractilinear path
between said first and second positions.

7. Moulding apparatus as claimed in claim 6, wherein said
transfer element has at least one bore therein for receiving a reciprocable
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pin which has a camming surface that is skew to the direction in which
the pin reciprocates, said surface bearing on said transfer element as the
pin is inserted into the bore to cam said transfer element in one direction
between sald positions, and means for displacing said transfer element in
the other direction between said positions as the pin s withdrawn from
said bore.

8. Moulding apparatus as claimed in any preceding claim and
including a further element which closes—off said holding cavity on the
side thereof remote from said passage and which has an opening therein
which registers with said holding cavity when said transfer element is in
said second position.

9. Moulding apparatus as claimed in claim 1, 2, 3 or 4,
wherein said transfer element is a shaft having a transverse bore forming
said holding cavity, said shaft being within a sleeve having first, second
and third circumferentially spaced openings in the walling thereof, the first
of said openings forming said passage, the second of said openings in
use placing the holding cavity In communication with a mould cavity and
said third opening permitting sald plunger to enter said holding cavity, the
second and third openings being diametrically opposed, said sleeve
closing—off said holding cavity on the opposite side thereof to said first
opening when said shaft is in its first position, and means for turning sald
shaft to displace it between said first position in which the first opening is
in communication with the holding cavity and said second pasition in
which said holding cavity is aligned with said second and third openings.

10. Moulding apparatus as claimed in any preceding claim,
wherein the volume of sald passage exceeds the volume of said holding
cavity whereby the passage can contain a sufficient volume of mouldable
material to fill the holding cavity a number of times.
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11. Moulding apparatus as claimed in claim 1 and including a
plurality of holding cavities in said transfer element, a plurality of
passages, a plurality of means for displacing mouldable material along
said passages and into sald holding cavities, and a plurality of plungers
for urging mouldable material out of said holding cavities and into one
moulding cavity or into a plurality of moulding cavities.

12. Moulding apparatus as claimed in claim 11, wherein the
transfer element has holding cavities of different volumaes.

13. Mouiding apparatus as claimed in claim 1, whereln said
transfer element is constituted by a disc mounted for turning about its
centre and having a piurality of holding cavities therein, there being a first
plurality of reciprocable plungers constituting said means for moving
mouldable materlal along the passages and into said holding cavities
whilst said disc is in said first position, and a second plurality of
reciprocable plungers for urging said mouldable material out of said
holding cavities and into one moulding cavity or into a plurality of

moulding cavities.

14, Moulding apparatus as claimed in claim 13, wherein said
first plurality of plungers is carried by a first piston which is reciprocable
in a first cylinder, means for supplying fiuid under pressure to the first
cylinder to reciprocate the first piston, and wherein said second plurality
of plungers is carried by a second piston reciprocable in a second
cylinder which is axially aligned with the first cylinder, there being means
for supplying fiuid under pressure to the second cylinder for reclprocating
the second piston, the plungers of the second plurality passing through
said first piston and through an end wall of said first cylinder.

15. Moulding apparatus as claimed in claim 13 or 14, and
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including a third piston, a third cylinder and means for supplying fluid
under pressure to the third cylinder for reciprocating the third piston in
the third cylinder, there being a shaft connected at one end to said disc
and at the other end to the third piston, the connection between the shaft
and third piston being such that reciprocation of the third piston in the
third cylinder causes said shaft to rotate and displace said disc between
said first and second positions.

16. Moulding apparatus as claimed in claim 15, whereln said
first and second cylinders and the first and second pistons are between
said third piston and said disc, said shaft passing through said first and
second pistons and through end walis of said first and second cylinders.

17. A method of moulding which comprises displacing
mouldable material into a holding cavity, moving said holding cavity from
a first position which it is in when sald mouldable material is displaced
into It to a second position, and discharging the mouldable material from
the holding cavity into a mould cavity whilst the holding cavity is in said

second position.

18. A method as claimed in claim 17, and including moving a
first plunger in a forward stoke along a passage to displace said
mouldable material from said passage into said holding cavity, moving
the holding cavity to said second position, moving said first plunger in a
return stroke, displacing a second plunger in a forward stroke to
discharge said mouldable material from said holding cavity into said
mould cavity, moving said second plunger in a return stroke, and moving
the holding cavity back to its first position.

19. A method as claimed In claim 18 and including feeding
mouldable material into said passage after said first plunger has
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performed its return stroke.

20. A method as claimed in claim 19 and including the step of
heating the mouldable material in said passage.

21. A method as ciaimed in claim 17 and including heating the
mouldable material in sald holding cavity.

22, A method as claimed in any one of claims 17 to 21, and
including displacing mouldable material into a plurality of holding cavities,
and discharging said mouldable material from said holding cavities into
one moulding cavity or into a plurality of moulding cavities.

23. A method as claimed in claim 22, and including the step of
providing holding cavities of different volumes.

24. A methad as claimed in claim 22 or 23 and including the
step of feeding mouldable material of different types to the holding

cavities,
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AMENDED CLAIMS
[received by the International Bureau on 20 February 1998 (20.02.98);

original claims 1, 9, 17 and 18 amended; remaining claims unchanged (5 pages)]

1. Moulding apparatus comprising a transfer element bounding a
holding cavity for mouldable material, a passage leading to said holding cavity,
means for displacing mouldable material along said passage and into said holding
cavity whilst said transfer clement is in a first position, means for displacing said
transfer element between said first position and a second position, a moulding
cavity bounded by a wall which defines the shape of the article to be moulded in
the moulding cavity, an opening through which said holding cavity
communicates with said moulding cavity, and a reciprocable plunger which
moves in said holding cavity and urges said mouldable material out of said
holding cavity through said opening and into said moulding cavity whilst said
transfer clement is in its second position, said plunger having a front face which
moves between a retracted position and a forward position as the plunger
reciprocates, characterized in that said holding cavity is of constant cross section
between said opening and the retracted position of said front face and said
opening is of the same cross section as said holding cavity, said face of the
plunger becoming part of the bounding wall of the moulding cavity when the
plunger is in its forward position.

2. Moulding apparatus as claimed in claim 1, and including heating
means for heating said holding cavity.

3. Moulding apparatus as claimed in claim 2, and including further
heating means for heating said passage.

4. Moulding apparatus as claimed in claim 3, and including means for
supplying mouldable material in paniculaté form to said passage.

5. Moulding apparatus as claimed in any one of claims 1 to 4,
wherein said means for displacing mouldable material along said passage is a
further plunger.

6. Moulding apparatus as claimed in claim 1, and including means for
reciprocating said transfer element along a rectilinear path between said first and

second positions.

AMENDED SHEET (ARTICLE 19)
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7. Moulding apparatus as claimed in claim 6, wherein said transfer
element has at least one bore therein for receiving a reciprocable pin which has a
camming surface that is skew to the direction in which the pin reciprocates, said
surface bearing on said transfer element as the pin is inserted mnto the bore to
cam said transfer clement in one direction between said positions, and means for
displacing said transfer element in the other direction between said positions as
the pin is withdrawn from said bore.

8. Moulding apparatus as claimed in any preceding claim and

“including a further element which closes-off said holding cavity on the side

thereof remote from said passage and which has said opening therein, said
opening registering with said holding cavity when said transfer clement is in said
second position,

9. Moulding apparatus as claimed in claim 1, 2, 3 or 4, wherein said
transfer element is a shaft having a transverse bore forming said holding cavity,
said shaft being within a sleeve having first, second and third circumferentially
spaced openings in the walling thercof, the first of said openings forming said
passage, the second of s}aid openings placing the holding cavity in
communication with said moulding cavity and said third opening permitting said
plunger to enter said holding cavity, the second and third openings being
diametrically opposed, said sleeve closing-off said holding cavity on the opposite
side thereof to said first opening when said shaft is in its first position, and
means for turning said shaft to displace it between said first position in which
the first opening is in communication with the holding cavity and said second
position in which said holding cavity is aligned with said second and third
openings.

10. Moulding apparatus as claimed in any preceding claim, wherein the
yolume of said passage exceeds the volume of said holding cavity whereby the
passage can contain a sufficient volume of mouldable material to fill the holding
cavity a number of times.

11. Moulding apparatus as claimed in claim 1, and including a plurality

AMENDED SHEET (ARTICLE 19)
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of holding cavities in said transfer element, a plurality of passages, a plurality of
means for displacing mouldable material along said passages and into said
holding cavities, and a plurality of plungers for urging mouldable material out of
said holding cavities and into one moulding cavity or into a plurality of
moulding cavities,

12. Moulding apparatus as claimed in claim 11, wherein the transfer
clement has holding cavities of different volumes.

13. Moulding apparatus as claimed in claim 1, wherein said transfer
element is constituted by a disc mounted for turning about its centre and having
a plurality of holding cavities therein, there being a first plurality of reciprocable
plungers constituting said means for moving mouldable material along the
passages and into said holding cavities whilst said disc is in said first position,
and a second plurality of reciprocable plungers for urging said mouldable
material out of said holding cavities and into one moulding cavity or into a
plurality of moulding cavities.

14, Moulding apparatus as claimed in claim 13, wherein said first
plurality of plungers is carried by a first piston which is reciprocable in a first
cylinder, means for supplying fluid under pressure to the first cylinder to
reciprocate the first piston, and wherein said second plurality of plungers is
carried by a second piston reciprocable in a second cylinder which is axially
aligned with the first cylinder, there being means for supplying fluid under
pressure to the second cylinder for reciprocating the second piston, the plungers
of the second plurality passing through said first piston and through an end wall
of said first cylinder,

15, Moulding apparatus as claimed in claim 13 or 14, and including a
third piston, a third cylinder and means for supplying fluid under pressure to the
third cyhnder for reciprocating the third piston in the third cylinder, there being
a shaft connected at one end to said disc and at the other end to the third piston,
the connection between the shaft and third piston being such that reciprocation of

the third piston in the third cylinder causes said shaft to rotate and displace said

AMENDED SHEET (ARTICLE 19)
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disc between said first and second positions.
16. Moulding apparatus as claimed in claim 15, wherein said first and

second cylinders and the first and second pistons are between said third piston

and said disc, said shaft passing through said first and second pistons and

" through end walls of said first and second cylinders.

17. A method of moulding which comprises displacing' mouldable
material into a holding cavity, moving said holding cavity from a first position
which it is in when said mouldable material is displaced into it 10 a second
position, and discharging the mouldable material, whilst the holding cavity is in
said second position, from the holding cavity into a moulding cavity through an
opening which places said holding cavity in communication with said moulding
cavity, characterized in thet said holding cavity is of constant cross section and
said opening is of the same cross section as the holding cavity.

18. A method as claimed in claim 17, and including moving a first
plunger in a forward stroke along 2 passage to displace said mouldable material
from said passage into said holding cavity, moving the holding cavity to said
second position, moving said first plunger in a return stroke, displacing 2 second
plunger in a forward stroke to discharge said mouldable material from said
holding cavity into said moulding cavity, the moulding cavity being bounded by
a wall which defines the shape of the article to be moulded, moving said second
plunger in a return stroke, and moving the holding cavity back to its first
position, a front face of said second plunger becoming part of the boundmg wall
of the moulding cavity as the second plunger completes its forward stroke.

19. A method as claimed in claim 18, and including feeding mouldable
material into said passage after said first plunger has performed its return stroke.
20. A method as claimed in claim 19, and including the step of heating
the mouldable material in said passage.

21. A method as claimed in claim 17, and including heating the
mouldable material in said holding cavity.

22, A method as claiméd in any one of claims 17 to 21, and including

AMENDED SHEET (ARTICLE 19)
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displacing mouldable material into 2 plurality of holding cavities, and
discharging said mouldable material from said holding cavities into one
moulding cavity or into a plurality of moulding cavities.

23. A method as claimed in claim 22, and including the step of
providing holding cavities of different volumes.

24, A mecthod as claimed in claim 22 or 23, and including the step of
feeding mouldable material of different types to the holding cavities,

AMENDED SHEET (ARTICLE 19)
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