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[57] ABSTRACT

Plastic molding machine, primarily adapted for gener-
ating and molding a closed-cell foam plastic matenal.

[11] E Re. 29,265
(45] Reissued June 14, 1977

The foam is generated by introducing a gas mert 1o the
plastic material into a granular mixture of same so that
the gas is thoroughly intermixed among the granular
particles. The gas is then held under pressure while the
granular particles are reduced to a flowable material,
said pressure being sufficient to assure that the gas will
not be expelled therefrom during the plasticization
process. In one preferred embodiment, gas is mixed
into the granular plastic in a hopper and held therein
under pressure as said granular material 1s fed into a

screw and plasticized thereby.

The plastic material is then conducted at a relatively
low pressure, such as that generated by the extrusion
machine used for plasticizing the material, through a
branched system past a check valve in each branch of
said system, to an injection assembly. As each injection
assembly receives a predetermined amount of plastic
material, means are energized preventing more plastic
material from entering thereinto but continued opera-
tion of the pressure generating device will continue
filling other injection assemblies for as long as any
thereof are capable of receiving such material. When
all injection assemblies are filled, same are actuated
simultaneously to drive the plastic material therefrom
into the mold cavity. Injection assemblies may supply
mold cavities in any pattern, and a single mold cavity
may be associated with a given injection assembly or

. two or more injection assemblies may supply any one

given mold cavity.

~ Local zones, preferably subjected to rapid cooling, are

provided with undercut notches connected to the
sprue, runners or cavity and filled thereby with plastic.
Same is cooled ahead of the cooling of the molded part
and provides-means for holding the mold closed. This
permits removal of the mold from the machine prior to
cooling of the molded part and opening of the mold
which in turn permits more effective use of multiple
molds with a given machine.

17 Claims, 8 Drawing Figures
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CLOSED CELL FOAM PLASTIC MOLDING
MACHINE

Matter enclosed in heavy bracketsL ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The invention relates to a plastic molding method
and apparatus and it relates particularly to a type
thereof particularly adapted for generating a closed cell
plastic foam and for molding same. Said molding 1s
particularly intended for, but not confined to, the
molding of very large products having dimensions of
the order of several feet in at least two dimensional
directions. | -

BACKGROUND OF THE INVENTION

While the generation of plastic foam and the molding
thereof has been carried out through a variety of tech-
niques and a variety of types of apparatus for a number
of years, certain limitations have existed in previous
known methods and apparatus which have prevented
this type of material from attaining its full potential
scope of use. There is a wide range of variables which
are applicable to greater or lesser degrees according to
the particular job to be molded and certain ones are
discussed below to illustrate at least some of the diffi-
culties which have been encountered in the prior prac-
tice.

For example, in the previous practice, it has been
common to place a gas generating medium in the plas-
tic material itself which medium will then produce gas
when heated to a predetermined level. The mixture of
the plastic material and such gas generating material 18
then heated, usually by a combination of agitating and
of external heating sources, but conceivably by either
acting alone. The foam material is formed thereby and
is formed within the plastic heating apparatus. Said
material is then held under sufficient pressure to mini-
mize the expansion of the gas and the foam, still under
such pressure, is then conducted to the mold, either
directly or after preliminary gathering in an accumula-
tor. This procedure is undesirable in that at first the gas
generating material is often expensive, second it may or
may not be uniformly mixed throughout the granular
plastic material, and often does not generate gas bub-
bles uniformly within the plastic material, and third,
since the gas generating material is responsive at least
to some degree to temperature in controlling the
amount of gas generated, and since the heating applied
within the plasticizing device does not occur uniformly,
the distribution of gas so generated throughout the
plastic material is not uniform and hence further result-
ing in a foamed plastic product which is not of uniform
or reliable quality.

‘Further, in the distribution of such plastic materal
from the foam generator to the mold cavity, present
methods are reasonably satisfactory so long as only a
single cavity mold is involved. However, where multi-
ple cavities are involved or the cavities are separated
from each other by substantial distances, then the pres-
sure drop within the plastic material as same flows
through the distribution system from one of the en-
trances of the mold cavity to the entrance of the next
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mold cavity, is often so great that the degree of filling of
each mold cavity, or at least the density of material
filled thereinto, is variable and it is extremely difficult
to produce satisfactory products. This is particularly
difficult where the plastic to be handled is a material of
high viscosity, such as ABS matenals.

Accordingly, the objects of the invention include:

1. To provide a method and apparatus for foaming a
plastic material which will not be heat-dependent and
will produce a foam of highly uniform density and with
uniform and evenly distributed internal openings.

2. To provide a method and apparatus, as aforesaid,
in which the gaseous material is introduced into and
evenly distributed throughout the plastic material while
in a granular state and before the plasticizing thereof.

3. To provide a method and apparatus wherein the
gaseous material is distributed uniformly throughout
the granular plastic material so that it is then heated to
effect plasticization thereof while the gaseous material
is held under sufficient pressure as to maintain itself
uniformly distributed throughout the plastic material
and thereby effect the formation of a desirable foam.

4. To provide a method and apparatus for producing
a foamed material of uniform and accurately controlla-
ble density.

5. To provide apparatus for carrying out the forego-
ing claimed procedures accurately and reliably, which
apparatus is of sufficient simplicity as not to be unrea-
sonably expensive in the manufacturing procedure nor
unreasonably complex to maintain in satisfactory work-
ing condition.

6. To provide apparatus as aforesaid wherein any

kind of plastic material may be mixed with any desired

type of gas which is chemically inert and otherwise
compatible therewith.

7. To provide apparatus as aforesaid wherein the
distribution of the foamed plastic matenal is carried
out at a relatively low pressure whereby to minimize
the pressure losses occurring during such distribution
operation.

8. To provide apparatus as aforesaid in which the
plastic material so distributed may be received In a
plurality of suitable injection assemblies and wherein
completion of the filling of one thereof will not ad-
versely affect the filling of others thereof. h

9. To provide apparatus as aforesaid wherein the
quantity to be introduced into each mjection assembly
is independently adjustable and a change in the adjust-
ment of one injection assembly will not affect the
amount of plastic material introduced into another
injection assembly.

10. To provide apparatus as aforesaid in which the
longer portion of the distribution system between the
foam generating device and the mold cavity is traversed
by the plastic material at a relatively low pressure.

11. To provide apparatus as aforesaid in which the
portion of the distribution system traversed by the plas-
tic material under a relatively high injection, mold
filling, pressure is relatively short and of equal length.

12. To provide apparatus as aforesaid in which the
molds are arranged in cooperation with the plastic
being molded therein to provide sufficient force oppos-
ing separation of the mold halves to permit removal of
a mold from the molding machine prior to such cooling
of the part as to permit opening of the mold.

Other objects and purposes of the invention will be
apparent to persons acquainted with apparatus of this
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general type upon reading the following disclosures and
inspecting the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings: -

FIG. 1 1s a somewhat schematic, partial side view,
partially broken away, of a molding machine capable of
performing the process concepts of the invention and
embodying the apparatus concepts of the invention.

FIG. 2 1s a section taken on the line [I—II of FIG. 1.

FIG. 3 1s a section taken on the line III—III of FIG. 1.

F1G. 4 1s a section taken on either of the lines IV—IV
of FIG. 1 or IV—1V of FIG. 3.

F1G. 5 1s a detail of the portion within the broken line
box “V” of F1G. 3.

FIG. 6 is a section taken on the line VI—VI of FIG.
3. |
FIG. 7 1s a central, sectional detail of the sprue open-
ing in the upper and lower halves, showing same in

central section and showing locking means for utilizing 20

the plastic material to lock the mold halves together
duning cooling.

FIG. 8 is a central sectional view of one preferred
form of hopper, said section being the same as that in

FIG. 2.

DETAILED DESCRIPTION

Inasmuch as the process concepts of the invention
will be best understood when described in connection
with specific apparatus by which same may be carried
out, the description will proceed directly to a specific
embodiment of the apparatus aspects of the invention.
It will be readily recognized however, that, in spite of
the advantages attributable to the apparatus of the
invention which will become apparent as the descrip-
tion progresses, the process steps are capable of being
practiced by a vaniety of other specific pieces of equip-
ment. Hence, while the equipment herein illustrated
and described will be utilized to illustrate the process of
the invention, same is not limited thereto but may be
practiced by other types of equipment.

Turning now to the drawings and with reference first
to F1G. 1, there is shown a base 1 supporting a bottom
frame plate 2 by suitable standards of which one ap-
pears at 3. Said bottom plate 2 supports a stationary
platen 4 by a senes of rods of which one appears at 5§,
said rods being affixed to the upper and lower frame
plates 4 and 3 respectively in a conventional manner
such as by having elongated threaded portions 6 of
reduced diameter which extend through said plates and
are affixed by any convenient means such as nuts 7 and
8. A movable platen 9 is supported by the plunger 11 of
a clamp cylinder 12 and is caused by said cylinder to
move vertically as desired in a convenient manner. The
stationary platen 4 supports the upper, here the fixed,
mold half 15. The lower mold half 13 is supported on
the movable platen 9 to move upwardly toward and
downwardly away from the stationary platen 4 in a
manner already well known. The clamp cylinder 12 can
act in any conventional manner in response to a suit-
able pressure fluid, usually hydraulic fluid, to effect the
upward and downward movement.

Thus far, the molding machine as described is con-
ventional and further detailing thereof is unnecessary.

Turning now to the aspects of the apparatus embody-
ing the invention, attention is next directed to FIG. 2
for the means 10 by which the foam is generated and
placed under a low but adequate pressure for effective
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distribution of same. Referring to FIG. 2 there is shown
a generally cylindrical barrel 16 having an internal
cylindrical opening 17 extending therethrough. Said
opening 17 i1s occupied by a plasticizing and extrusion
screw 18 which will be described in more detail herein-
after. One end of said screw, here the end adjacent the
discharge portion thereof is provided with a drive gear
19 which is then driven in any convenient manner, such
as by hydraulic motor 21, which in turn is driven by any
convenient source of hydraulic pressure fluid, all of
which is already well known and needs no detailing.
The same end of said screw 1s preferably received into
and retained by a suitable thrust bearing 22 which
bearing may be of any conventional nature and needs
no further detailing. In this case however, it will be
noted that the thrust bearing 1s of double construction
SO as to prevent axial movement of the screw in both
axial directions.

The other end of said opening 17 is preferably closed
by a cap 23 through which extends an opening 24, said
opening 24 being connected by a conduit 25 to a hop-
per 26 for purposes which will appear in more detail
hereinafter.

The hopper 26 1s provided in communication with an
opening 27 in the side of the barrel 16. An opening 28
is provided for introducing gas under pressure into the
interior of the hopper 26 and the same opening or an
additional opening 29 may be provided for evacuating
same. An upper hopper 30 may, if desired, be provided
for reception therewithin of granular plastic material.
Said upper hopper may be opened and closed at its
lower end by a valve member 31 operated in any con-
ventional, convenient manner, such as by a pressure
cylinder 32 (FIG. 8).

Referring now to the screw 18 (F1G. 2), the zone I
thereof is provided with any conveying flights by which
granular plastic material from within the hopper 26 is
conveyed into the subsequently following portions of
the screw. The zone Il is provided with flights of proper
shape and appropriate root diameter to effect some
compression of the plastic material and heat generation
therewithin. This at least commences the melting of the
plastic granules. The zone Il is provided with any de-
sired flights and root diameter configuration to subject
the plastic material to the necessary compression as to
complete the heating thereof and holding as hereinafter
further described the gas bubbles entrained therein.

A pair of opposite directed discharge openings 36
and 37 extend from either side of the screw chamber 17
near the discharge end thereof and are preferably
spaced diametrically from each other.

All aspects of the screw as above-mentioned are well
known in screw design and may be readily provided in
many forms, according to the particular plastic being
handled, by those skilled in the art to meet the several
criteria referred to above. Accordingly, it is believed
that the screw is sufficiently described at this point and
no additional detailing thereof is needed.

In operating this portion of the invention and cre-
ation of a foam thereby a quantity of granular, plastic
material will be supplied to the upper hopper 30, either
through a suitable opening (not shown) through the
cover thereof or by temporary removal of said cover.
The cylinder 32 is actuated to open the valve 31 and a
measured quantity of plastic material, if desired the full
capacity of the upper hopper 30, is permitted to enter
into the lower hopper. The valve 31 is then closed and
the upper hopper may then be refilled.
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Assuming the plastic material to be reactive with
oxygen but inert to nitrogen, vacuum from the vacuum
source V will now be applied to the opening 29 so as to
draw out most of the air within the hopper 26. When
same is completed said opening will be closed as by a
valve 39.

A suitable gas, such as nitrogen, under pressure is
now introduced from the source G through the opening
28 into the interior of the hopper 26. Inasmuch as the
plastic granules have many spaces therebetween the
gas will penetrate through said spaces and thus perme-
ate the entire granular mass. With such gas being under
a higher pressure than the back pressur¢ generated
within the screw, the granules as they drop down onto
and into the portion of the section I of the screw con-
tinue to be surrounded by gas and said gas moves with
such granules as same move into section II of the screw.
Further with the pressure so maintained within the
hopper 26, as the granules commence to melt in the
section Il of the screw the gas continues to permeate
the plastic mass. Finally, when the granules complete
their plasticization, regardless of whether it occurs in
zone 11 or zone III of the screw, the gas is still distrb-
uted therethrough in small pockets and so distributed
in the same manner as it was back in the hopper 26,
namely, substantially uniformly throughout the entire
plastic mass. While the precise magnitudes of pressure
will be variable according to the requirements n an
individual case, a typical illustration will be that the
screw within the zone Il thereof will develop a pressure
on the plastic material of approximately 3,000 p.s.i.
Thus to insure that the gas entrained in the plastic
material is not squeezed out therefrom and back to the
hopper 26, the gas within the hopper 26 will be main-
tained at a higher pressure, such as 5,000 p.s.i. This will
insure that the gas will remain fully entrained within the
plastic material throughout the plasticization process
and will continue as it starts, namely, distributed uni-
formly in small separate pockets therethrough.

The granular material within the hopper 26 is in this
embodiment assumed to fall by gravity through the
opening 27 onto and into the screw 18 but it will be
evident that any further conventional means may be
supplied if desired for positively urging said granular
material against and into said screw.

Thus, the plastic material appearing in the discharge
openings 36 and 37 will be of foam nature, namely, a
foam having independent substantially noncommuni-
cating cells of substantially uniform size and distribu-
tion throughout. Further, the foam will be of a density
having a high level of uniformity and will flow into the
discharge openings 36 and 37 and thence into the dis-
tribution system supplied thereby in response to the
discharge pressure of the extrusion screw, primarily the
pressure generated and imposed on the plastic material
by section III of said screw.

When a charge of granular plastic material contained
in the hopper 26 is fully delivered to the extrusion
screw it will with the apparatus here shown be desirable
to withdraw the plasticizing gas to the maximum extent
feasible, either through its own supply passageway 28
or through the vacuum passageway 29. When same is
thus reduced to a low level, the valve 31 may be with-
drawn, a new charge of plastic placed therein the valve
31 again closed and the cycle repeated.

It will be recognized of course that in a commercial
unit the upper hopper and valve 31, utilized here solely
for purposes of simplicity in illustration, may be re-
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placed by any of many presently known automatic
devices for introducing granular (including powdered)
material either continuously or intermittently as de-
sired into the hopper 26 which will then preferably be
continuously pressurized by the inert gas.

The connection indicated at 25 between the thrust
chamber 33 at the rightward (as seen in FIG. 2) end of
the plasticizing screw 18 and the opening 28 for the
hopper provides for the application of the same high-
pressure gas toward the rightward end of said screw at
the same time and during all of the time that such high-
pressure gas is present within the hopper. The thrust
chamber 33 is defined by the portion 17a of the plasti-
cizing chamber and the portion 18a of the plasticizing
screw, both of which project beyond the opening 27 in
a direction opposite to the direction in which the gran-
ular material moves during a plasticizing operation.
The connection 25 ensures against escape of said high-
pressure gas toward the rearward (rightward) end of
the plasticizing screw and, in addition, assists the thrust
bearing 22 by providing a leftwardly directed pressure
onto the screw opposing the rightwardly directed pres-
sure developed thereon during a plasticizing operation.
Thus, this conduit eliminates both the necessity for a
thrust bearing at the rearward end of the screw and for
the provision of a high-pressure gas seal. The separator
S of any conventional nature may be provided if de-
sired in the line 25 to separate from said gas any solid
particles of plastic which may be carried thereinto from
either the chamber 17 or from the interior of the hop-

per.
Turning now to the distributing and molding portion

- of the machine, attention is first directed to FIG. 3. A

passageway 41 is provided on the platen 4 communi-
cating with the exit 37 from the extruder 10, thence
through an expansion joint 42 to a T-block 43 which is
backed against a pressure block 44. A conduit 46 then
extends from the T-block 43 through a further expan-
sion joint 47 to another T-block 48. A conduit 49 then
extends from the T-block 48 through the expansion
joint 51 (FIGS. 3 and 4) to and through the check valve
52 into the injection unit S3.

The injection unit 53 is the central portion of what
may be termed an injection assembly generally identi-
fied by the numeral 54. Said injection assembly com-
prises the injection unit itself and a plurality of valves
therefor, of which one is indicated at 56, through which
plastic material from the injection assembly 53 is con-
ducted to a mold cavity.

Referring now to injection assembly 53 in more de-
tail, it is essentially a small injection molding unit which
may be of any of many known types but will here be
illustrated and described sufficiently to msure correct
understanding of the invention.

Referring to FIG. 4 there is provided a base 61 sup-
porting a block 62 within which is provided an injection
chamber 63. The injection block 62 may be fastened to
the base block 61 by any of several convenient means
such as screws of which one is shown at 64. The base 61
is affixed rigidly with a layer of insulation 66 interposed
therebetween onto the stationary platen 4 by any con-
venient means, such as screws of which one is shown at
67. The conduit 49 is connected through the expansion
joint 51 and the check valve 52 to a passageway 68
which communicates through the passageway 69 with
the interior of the injection chamber 63. The Injection
ram 71 is fastened by a conventional coupling 72 to the
plunger 73 of an injection cylinder of which the cylin-
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der portion 1s indicated at 74. Said cylinder 74 is
mounted on an injection unit plate 76 which is fixed by
suitable rods of which one is shown at 77 to a position
spaced above but fixed with respect to the base plate
61. The switch 78 is vertically adjustable on a rod 79 in
a posttion to be engaged by the coupling 72 as same
attains a predetermined distance above the injection
block 62. Such switch 78 is connected through a con-
ventional control box B to valves V by which pressure
fluid entering into the injection cylinder 71 is con-
trolled.

The valve unit 56 and injection nozzle 88 are illus-
trated 1in FIG. 6. The discharge orifice 82 of the injec-
tion units 53 are connected by a passageway 83, par-
tially shown in FIG. 6 and partially indicated by the
dashed line connecting FIGS. 4 and 6, to the internal
chamber 84 of said valve unit 56. When the valve
plunger 86 is retracted said chamber then communi-
cates to and through the injection nozzle 88 to what-
ever mold cavity the injection nozzle is then in commu-
nica.on. The valve rod 86 is operated by any conve-
nient automatic means such as a pressure fluid cylinder
90 which is operated in proper sequence with the rest
of the apparatus by any conventional sequential means
desired.

Each of the valve units 56a, 56b and 56¢ (FIG. 3) are
identical to the valve unit 56 and thence need no fur-
ther description. |

Additional injection assemblies are supplied by the
discharge orifice 37 of the extruder 15 and are indi-
cated generally at 54a, 54b and 54¢. These are all iden-
tical with the injection assembly 54 and hence need no
further illustration or description. The unit 54a is sup-
plied from the conduit 46 by a conduit 49a identical
with the conduit 49. The units 54b and S4¢ are supplied
from the conduit 41 by a conduit 46a to conduits 49b
and 49¢ which conduits and connections including
check valves are all identical to those above described
in connection with conduits 46 and 49 above.

Likewise the discharge orifice 36 of the foam gener-
ating unit 10 will normally supply further, here four,
additional injection assemblies through suitable con-
duits and check valves all of which preferably consti-
tute a mirror image of the injection units 54, 54a, 54b
and 54c¢ together with the conduits and check valves
above described in connection therewith and hence
need no further discussion or description.

The mold may be associated with the injection units
in any desired pattern. For example, as illustrated by
the broken line M in FIG. 3, a mold may be associated
with a single valve assembly 56 or as illustrated by the
broken line M, a single mold may be supplied for two
such valve units. A still further possibility is illustrated
by the broken line M, which indicates that a single
mold with either single or multiple cavities as desired
may be supphied for all four valves of the single injec-
tion assembly, here the injection assembly 54¢. Like-
wise a still larger mold may be supplied for two or more
injection assemblies simultaneously, even to the extent
conceivably of supplying a single cavity for all of the
eight injection assemblies shown in FIG. 3.

Referring to FIG. 7 there is shown the locking means
by which a relatively large mold may be held closed
without the use of external clamping pressure whereby
the mold may be removed from the machine prior to
such cooling of the molded part as would be required
for opening of the mold.
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In a high pressure injection molding operation, espe-
cially one involving a foam formed by bubbles of pres-
surized gas, the mold is normally held under high clamp
pressure until the part was cooled sufficiently to permit
opening of the mold. With a large part, this can involve
considerable time and lessen the effectivenes of mul-
timold (as turret) machines.

Thus, in the present machine the lower side of the
upper or fixed mold half 18 is provided at the lower end
of the sprue opening 91 with a reversely flared portion
92 which then communicates through an opening of
smaller diameter than the maximum diameter of the
flared opening 92 to an undercut portion 93. This latter
then communicates with the runner 94 leading to the
mold cavity. Additional similar recesses corresponding
to the opening 92 and undercut 93 may also be pro-
vided around the mold cavity and connected thereto by
runners smmilar to runner 94. Sufficient thereof are
provided in view of the opening pressure in a given
mold to hold same closed upon chilling of the plastic in
sald recesses. Suitable cooling means, as water passages
99, are provided to effect rapid chilling of the plastic in
said recesses well ahead of the cooling, or setting, of
the plastic in the mold cavity.

The mold may then be removed from the machine
either manually or by automatic means of any conven-
tional type.

The plastic locked into the corners 96 and 97 of the
opening above described will hold the mold tightly shut
and effectively prevent same from springing open in
response to the gas under pressure therewithin. This
makes possible the removal of the mold from the clamp
of the machine prior to its cooling sufficiently to permit
opening of the mold and hence makes more efficient
the use of multi-mold machines. After the molded part
has cooled the mold may then be opened. When the
mold is opened, the locking plug will break at the nar-
row opening 95.

The lower portion thereof in the opening 92 may, if
the reverse cut is not too great and the plastic is of
shightly elastomeric type as an ABS material, be driven
out as a cold slug by the next molding cycle or by me-
chanical means and handled in any conventional man-
ner. The part in the undercut 97 can, if said undercut is
not too great and the plastic is of slightly elastomeric
type as an ABS matenal, be driven past the undercut
and out by appropriate application of knock-out pins,
as the knock-out pins 98. Alternatively, with larger
reverse cuts, or undercuts, or with use of a more rigid
plastic material the walls defining the said recesses may
be made radially retractable, as by utilizing an iris type
structure, a collet or other cam means in order to re-
lease the rigidified plastic therefrom. Any convenient
means, automatic or manual, may here also be em-
ployed to remove the rigidified plastic from within the
locking recesses and the passageways associated there-
with. While in the present case the plastic supplied to
said locking recesses is the same plastic as supplied to
the mold and is introduced thereinto at the same time
as the filling of the mold cavity, it will be evident that
this is only illustrative and not limiting. Within the
broader concept, the locking recesses may be supplied
separately from the mold cavity and with a different
plastic material.

OPERATION

Although the operation has already been somewhat
indicated above, it will be reviewed in detail to insure a
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full understanding of both the process and apparatus
aspects of the invention, again bearing in mind that the
apparatus expression of the invention illustrates one
but not necessarily the only manner of carrying out the
process aspect thereof.

With plastic material and a gas inert thereto under
pressure introduced into the foam generating device 10
as above described, a foam plastic is created and dis-
charged from the conduits 36 and 37 in a manner al-
ready sufficiently above described. Looking for the
present at only the right hand side (as seen in F1G. 3)
of the apparatus, plastic material will flow through the
conduit 41 to the T-head 43. As the conduit 41 heats it
will expand at a rate different from that of the frame
plate 4 and hence such expansion will be absorbed in
the expansion joint 42 in a manner which will be readily
understood without further explanation. The pressure
block 44 is provided with convenient adjustment
means, such as the manually adjustable screw 45, for
limiting the movement (here rightward) of the T-block
43 and thereby maintaining the conduits 46 and 46a in
proper alignment and insuring correct operation of the
expansion joint 42. The expansion joint 47 operates in
the same manner as expansion joint 42 and the pressure
block 50 operates in the same manner as the pressure
block 44, both in its own relationship to the T-block 48
and in its relationship to the expansion joint 47. Plastic
material thus flows from the conduit 41 through the
T-block 43, through both of the conduits 46 and 46a to
the T-blocks 48 and 48a, thence through the conduits
49, 49a, 49b and 49¢ to pass the several check valves,
of which only check valve 52 is illustrated, and into the
chamber 63 of the several injection assemblies of which
only injection assembly 54 is fully illustrated. With the
valves 56 closed, the injection chamber 63 fills and the
ram 71 is pushed upwardly until it strikes the actuator
of the switch 78. When this occurs the control B is
actuated to open the valve V, for supplying the pres-
sure fluid to the cylinder 74. The magnitude of such
pressure may if desired be only sufficient to oppose the
incoming pressure from the line 49 but for simplicity of
the control system it is preferred that said pressure is of
injection magnitude. Since each of the valves 56 is
closed at this point, the downward urging of the ram 71
drives the plastic material below said ram against the
check valve 52 to close same and hold it closed against
the pressure of incoming plastic material. Thus, further
filling of the chamber 63 is prevented. However, as-
suming that the corresponding rams in the other injec-
tion assemblies 54a, 54b and S4¢ have not yet con-
tacted the switches therein corresponding to the switch
78, the plastic material will continue to flow into each
of these assemblies until they are all caused to actuate
their respective switches and all are subjected to mnjec-
tion pressure in the manner above described in connec-
tion with the injection assembly 54. Thus, each injec-
tion chamber corresponding to the chamber 63 is filled
with a predetermined amount of plastic matenal and
termination of the filling of each thereof may be made
solely by the appropriate mechanical setting of the
several switches corresponding to the switch 78. Fur-
ther, it will be recognized that the setting of each such
switch is independent of the setting of other switches
and the modifying or resetting of any one, or plurality,
of said switches will not affect or alter the amount of
plastic material going into the injection chambers asso-
ciated with the other switches.
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When all of the injection units are filled and sub-
jected to injection pressure, at least all of those which
are to be utilized in any given operation (it being recog-
nized that in some instances certain ones of these as-
semblies may be blocked by appropriate manually op-
erable valves — not shown), a suitable signal will ema-
nate from the master control panel P (which may be
conventional) and each of the pressure cylinders asso-
ciated with each of the valves 56 will be actuated to
open said valves. With such valves so opened and with
pressure already existing in the injection cylinders 74,
(or increased simultaneously with the opening of the
valves 56) said pressure will drive the several rams 71
downwardly and drive the foamed plastic within the
cylinders 63 through the exit 82 therefrom and through
the conduits above described to the injection nozzle 88
and into the several mold cavities.

Again it will be recognized that the operation of each
injection cylinder is independent from the operation
from each other injection cylinder so that there is no
necessity at all for having therein equal amounts of
plastic material. Thus, each thereof will merely dis-
charge whatever plastic material it has in its respective
injection chamber and a mold cavity, or portion
thereof, associated with such nozzle will be appropri-
ately filled. |

It will be further recognized that throughout the en-
tire path from the discharge of the plasticizing unit 10
through all of the distribution system, the injection
assembly 54 and into the mold, a constant pressure is
held on the plasticized material and same is thereby

_controlled against undesired expansion n response to

the bubbles of pressurized gas therewithin.

It will be further recognized that in the present inven-
tion the distribution through the general system from
the discharge of the plasticizing unit 10 to the injection
chambers 63 is at a relatively low pressure and hence
power losses manifested as pressure drop in the present
systems (which force distribution under high pressure)
are avoided. Further, the problems of conduit strength,
the sealing thereof, and other well known problems of
high pressure plastic distribution are avoided. In this
system the high pressure conduit exists only from the
discharge of the imjection cylinders 63 to the mold and
each of these passageways is relatively short and free of
points requiring difficult sealing. Hence this system is
much less expensive to build and/or to maintain effec-
tively than those in which the distribution 1s effected
under high pressure by a single large injection ram.

It will be recognized that the machine herein de-
scribed and illustrated is of extreme flexibility for the
supplying of single or multiple molds and for the sup-
plying of molds of a wide range of sizes. Further, if the
machine is operated only at partial capacity it is neces-
sary only to operate whichever of the relatively small
injection assemblies is required to fill such molds as are
then in use. Still further, it is conceivable that it is
possible for a user to install a machine of this type
having only for example two injection assemblies 54
but with a capacity in the stationary platen 4 for a
larger number such as eight thereof and then to add
further such injection assemblies subsequently as his
business justifies or requires. It will also be observed
that although the apparatus of the invention was partic-
ularly designed for and is particularly adaptable to the
molding of foam plastic, it is not confined thereto but
may be utilized additionally for molding of conven-
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tional solid plastic materials, thus adding still further to
its versatility.
While the foregoing apparatus has assumed the use of
an extruder as the plasticizing means it will be recog-
mzed that other known plasticizing devices may also be
used. For example, the extrusion screw 18 could con-
ceivably be replaced by a ram and torpedo combina-
tion whereby plastic material in granular form with
pressurized gas contained therein could be supplied to
the chamber 17 ahead of a plasticizing ram which could
then drive the plastic material with entrained gas
therein past a torpedo or plasticizing thereof. This how-
ever, while recognized as a possibility is believed, at
least at present, to be less desirable in view of the
greater difficulties of plasticizing by use solely of a
torpedo.
While a particular embodiment of the apparatus as-
pects of the invention has been chosen to illustrate both
the method and apparatus aspects thereof, it will be
recognized that the method of the invention may be
practiced by a wide variety of other types of apparatus
and the apparatus of the invention may be manifested
in a vanety of specific embodiments. Accordingly, the
specific disclosures herein will be recognized as 1llus-
trative only and not limiting.
The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:
1. In a plastic foaming and molding device, the com-
bination comprising: -
a plasticizing and foaming unit for receiving granular
plastic material, said unit including means for caus-
Ing a gas under pressure to permeate said material,
and means for converting the material to plasti-
cized foamed plastic material with said gas en-
trained therein as bubbles;
a plurality of injection assemblies, each comprising
an injection chamber having an injection ram;

plural low pressure passageways providing communi-
cation from said plasticizing unit to corresponding
ones of said injection assemblies;
power means operatively connected to and continu-
ously operating said plasticizing unit for charging a
continuous supply of said foamed plastic material
into said low pressure passageways at a predeter-
mined, relatively low pressure;
means defining a one-way valve positioned in each
said low pressure passageway to permit flow of said
foamed plastic material from said unit to the injec-
tion chamber of the corresponding injection assem-
bly but preventing reverse flow from said injection
chamber toward said unit and other injection as-
sembilies;
plural high pressure passageways downstream of
said low pressure passageways for conducting said
foamed plastic material from each of said injection
chambers to a mold cavity and an on-off valve
positioned in each said high pressure passageway;

control means operatively interconnected with said
injection assemblies and responsive to the appear-
ance of a predetermined amount of plastic material
in each of said injection chambers for applying to
said injection rams a relatively high pressure in
excess of said predetermined pressure and suffi-
cient to close said one-way valve, and for opening
said on-off valve to thereby permit said injection
ram to drive said foamed plastic material into a
mold cavity.
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2. The device of claim 1 wherein said control means
includes central means operatively associated with said
on-off valves for opening all of said plurality of on-oft
valves simultaneously after all said injection chambers
have been filled.

3. The device of claim 2 wherein said control means
includes individual ram position responsive valves

Lfor each ram Y operatively associated with each ram
and responsive to said predetermined amount of plastic
material in the corresponding injection chamber for
applying said relatively high pressure to the corre-
sponding ram independently of said central means con-
trolling said on-off valves, so as to apply said relatively
high pressure after filling of said injection chamber but
before opening of the corresponding on-off valves.

4. The device of claim 1 wherein said control means
includes valve means maintaining the same relatively
high pressure on the injection ram for terminating fur-
ther entry into the injection chamber of plastic material
by direct closure of said one-way valve and for causing
ram movement to inject said foamed plastic material
into the mold.

5. The device of claim 1 wherein each said one-way
valve is located remotely from said plasticizing unit and
substantially more closely to its corresponding injec-
tion chamber, 30 as to be placed as close as physically
feasible to the entry of its passageway into its respec-
tively associated injection chamber.

6. The device of claim 1 wherein each high pressure
passageway terminates in an injection nozzle, said noz-
zle being in direct communication with the discharge of
the corresponding one of said on-off valves, a plurality
of said nozzles being provided for each of said injection
chambers.

7. The device of claim 6 in which said plurality of
on-off valves and corresponding nozzles are spaced
radially from and circumferentially around their corre-
sponding injection chamber at substantially equal dis-
tances therefrom, the high pressure passageway lengths
from each said nozzle to its corresponding injection
chamber being substantially equal for each injection
chamber.

8. The device of claim 1 wherein said low pressure
passgeways comprise at least one T-pattern with said
injection assemblies being symmetrically fed from the
arms of said T-pattern, whereby plastic material will
travel an equal distance from the discharge port of said
plasticizing unit to the inlet of each of said injection
chambers.

9. The device of claim 8 in which said low pressure
passageways form at least one series of T-patterns, each
T-pattern having an input leg and equal length output
arms, the leg of first T-pattern being connected to said
plasticizing unit, the legs of a pair of second T-patterns
being connected to the arms of said first T-pattern, the
arms of an Nth set of T-patterns being connected
through corresponding ones of said one-way valves to
corresponding ones of said injection chambers.

10. The device of claim 9 in which a pair of first
T-patterns are provided, the legs thereof being con-
nected to said plasticizing unit.

11. The device of claim 8 in which a plurality of said
injection assemblies are grouped circumferentially and
symmetrically around the intersection point of said
T-pattern, the portions of said low pressure passage-
ways extending therefrom to said injection assemblies
being of equal length, the injection chamber of each
assembly being symmetrically and circumferentially
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surrounded by said pressure passageways and corre-
sponding on-off valves, with said high pressure passage-
ways being all of substantially equal length.

12. The device of claim 1 in which said low pressure
passgeways are defined by conduits extending from
said plasticizing unit to each of said injection assem-
blies, the conduit for one said injection assembly iIn-
cluding at least one expansion joint intermediate the
ends thereof and terminating in said one-way valve at
said injection assembly.

13. The device of claim 12 in which said conduit
includes a T-block and a fixed pressure block for back-
ing and T-block.

14. The device of claim 1 in which each injection

assembly comprises a base block fixed with respect to a

portion of a mold, said injection chamber comprising a
hollow block fixed to said base block, said high pres-
sure passageways comprising passages formed i said

10

15

base block, communicating with the adjacent end of ,,

said injection chamber and each terminating in a nozzle
member extending from said passage formed in said
base block, said low pressure passages comprising a
conduit secured to said base block and also communi-
cating with said adjacent end of said injection chamber,
said on-off valves including activating means mounted
on said base block adjacent said injection chamber
opposite corresponding ones of said nozzles and having
valve rods extending through said base block into said
nozzles.

15. The device of claim 6, wherein a single mold
cavity is supplied from a single one of said injection
nozzles.

16. The device of claim 6, wherein a single mold
cavity is supplied from a plurality of said injection noz-
Zles.
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17. In a plastic molding device, the combination com-

prising:

a plasticizing unit for receiving granular plastic mate-
rial, said unit including means for converting the
material to plasticized plastic material,

a plurality of injection assemblies, each comprising an
injection chamber having an injection ram,

plural low pressure passageways providing communi-
cation from said plasticizing unit to corresponding
ones of said ihjection assemblies;

power means operatively connected to and continu-
ously operating said plasticizing unit for charging a
continuous supply of said plastic material into said
low pressure passageways at a predetermined, rela-
tively low pressure;

means defining a one-way valve positioned in each said
low pressure passageway to permit flow of said plas-
tic material from said unit to the injection chamber
of the corresponding injection assembly but prevent-
ing reverse flow from said injection chamber toward

 said unit and other injection assemblies;

plural high pressure passageways downstream of said
low pressure passageways for conducting said plastic
material from each of said injection chambers to a
mold cavity and an on-off valve positioned in each
said high pressure passageway;

control means operatively interconnected with said
injection assemblies and responsive to the appear-
ance of a predetermined amount of plastic material
in each of said injection chambers for applying to
said injection rams a relatively high pressure in ex-
cess of said predetermined pressure and sufficient to
close said one-way valve, and for opening said on-off
valve to thereby permit said injection ram to drive

said plastic material into a mold cavity.
* ® x ¥ K
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